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EXECUTIVE SUMMARY
Public concern over the ecological impacts of clearcutting and loss of old growth forest, as well as the
increased knowledge of natural disturbance dynamics of forests, has prompted a number of agencies in
North America to re-evaluate forest practices. Increasingly, in an attempt to address these concerns, many
government departments and corporations have released new policies and guidelines to supplement or
replace the current suite of harvesting practices with a broader range of approaches that are intended to
use natural disturbance as a model. Generally, the intent of the natural disturbance template is that biotic
systems adapted to natural disturbance may be better managed under a harvesting regime that attempts to
emulate those disturbances rather than under existing clearcutting practices. This represents a different
focus for altering harvest practices than models that aim to protect old forest seral stages, although there
are many overlapping components.
The objective of the Ecological Basis for Stand Management project was to review, synthesize, and
evaluate the ecological basis for harvest practices at the stand level in boreal mixedwood forests. Our
approach critically assessed two strategies for forest management: management for old growth seral
stages, and management to emulate natural disturbances, particularly wildfire. Using a chronosequence
approach and with some re-analysis of existing data, we reviewed the ecological effects of wildfires on
forests, then compared with clearcutting and retention of residual trees. We compared ecological elements
at each seral stage to old seral stage forests. We also documented existing information on biotic responses
to riparian areas and forest edges. Throughout these analyses, gaps in knowledge were identified. The
ecological review encompasses the following subjects: forest structure and forest succession, soils,
vascular and non-vascular plants, trees, woodpeckers and songbirds, and mammals. As a complement to
this review, we provided (1) a management rationale for the old-growth and natural disturbance
approaches to forest management; (2) an adaptive management approach to forest management; and (3)
an example of a natural disturbance template for forest management, based on an analysis of past fire
activity. We also provided an analysis of the social perceptions associated with altering stand-level
harvest practices towards a natural disturbance model.
Forest Soils
This chapter provides a literature review comparing the impacts of wildfire and harvesting on physical
and chemical properties of upland forest soils in Alberta’s boreal forest. Forest harvesting equipment can
cause significant compaction of forest soils; an event not observed in burned forest soils. Compaction of
soils leads to many changes affecting soil aeration and infiltration, which can result in poor stand
regeneration. Similar to forest harvest, wildfire generally increases soil temperature and moisture in the
short-term. Rapid reestablishment of new ground cover on a disturbed site can mitigate effects on soil
microclimate. In contrast to wildfire, which increases soil pH, harvesting decreases pH. Burning results in
a loss of organic matter, with the magnitude of loss varying with the intensity and duration of the fire. In
comparison, harvesting may either add or remove organic matter depending on the intensity of the
harvest, and site preparation following harvest. Wildfire and forest harvesting causes similar reductions in
soil organic carbon and respiration rates in the short-term, although fire effects are immediate and
harvesting effects occur within 20 years. Few data are available for nitrogen and phosphorus cycling rates
in disturbed stands. Nitrogen and phosphorus loss through volatilization is dependent on the intensity and
duration of the fire, the antecedent moisture conditions and the stand tree species. Slope position, and its
influence on soil moisture may be important and confound interpretation of the influence of tree
harvesting on the distribution of plant-available nitrogen and phosphorus. Overall, both harvest and
wildfire disturbance have the potential to affect soil physical and chemical properties, with the extent of
these effects, in particular, dependent on soil moisture regime. Presently, there are insufficient data to
evaluate whether forest harvest emulates wildfire disturbance on soils in the long-term.
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Forest Structure
Under the natural disturbance-succession template the average amount of residual live trees excluded
from harvesting should vary from 5 to 11% across different planning units, with amounts in individual
stands ranging from 0 to 100%. In contrast, the old seral template depends on the quantities and types of
residual to retain a significant portion of pre-harvest biota in harvested blocks. In practice, a relatively
high amount of retention (>50%) is needed to accomplish this objective, particularly for vertebrate
communities. The challenge for the natural disturbance-succession template is that the greatest
differences in structure (e.g. large trees, snags, downed woody material) between wildfire and harvest
stands occur immediately after disturbance and decline thereafter. In particular, snag densities are much
lower in harvest stands. However, some elements such as snags and large trees may be relatively similar
prior to rotation age. The volume of downed woody material (DWM) in harvest stands is likely to be less
than that in equivalent-age wildfire stands throughout most of the rotation. The old seral template requires
high levels of retention to match the pre-harvest structure. Potential problems arise if there are repeated
entries in the same stands, and/or more stands need to be accessed over the landscape. Repeated entry
erodes the retained structure, i.e. deadwood resources, large trees, and vertical structure, with each
successive entry. In an effort to retain the same level of harvest while leaving relatively high amounts of
residual, timber harvest may have to be expanded over a larger area creating more roading, traffic,
fragmentation, and edge over the habitat.
Vascular Plants
Changes to the vascular plant community following parallel post-fire and post-harvest successional
trajectories are reviewed; where appropriate, analysis of new or existing data corroborate the discussion.
The greatest difference in vascular plant communities found post-fire and post-harvest exist immediately
post-disturbance. The initial post-fire community is largely composed of fire-dependent forb species that
require fire to break seed dormancy and remove competitors; in this post-fire environment fire-dependent
forbs thrive, but then die out within 2-3 years and remain sequestered in the seed bank until the next fire.
These species and this process is nearly completely lacking in a post-harvest scenario. Vascular plant
community dynamics throughout succession are strongly influenced by the developing canopy and the
environmental conditions created beneath. Over time, conditions created beneath canopies developing
post-fire and post-harvest become more similar, and as a result, the vascular plant communities in each
successional trajectory converge. Convergence has yet to be quantified in the boreal forest of Alberta, but
does take at least 60 years (based on existing data); furthermore, it is unknown if post-disturbance
trajectories remain overlapping once they have converged. In theory, if managers can achieve and
maintain convergence prior to the next harvesting phase, diversity of vascular plant species could be
sustained on a managed landbase. Delayed convergence will most likely affected vascular plant species
associated with deciduous stands because these stands are targeted for re-entry after approximately 60
years. Based on current evidence, the time to successional trajectory convergence may be reduced by
leaving live residuals in cutblocks at levels comparable to wildfire.
Nonvascular Plants
Nonvascular plants were separated into six species groups for discussion: terrestrial (i.e. living on the
ground) bryophytes (i.e. mosses and liverworts); terrestrial lichens; epixylic (i.e. living on dead wood)
bryophytes; epixylic lichens; epiphytic (i.e. living on live plant matter) bryophytes; and, epiphytic lichens.
In order for nonvascular plants to grow and reproduce they need the appropriate micro-climatic
conditions, the right substrate, and the absence of competitors (or alternatively, the ability to out-compete
other species). Like vascular plants, all nonvascular species that are highly adapted to immediate post-fire
conditions grow poorly or are absent in a post-harvest scenario. While terrestrial and epiphytic
nonvascular plant species enter their post-disturbance successional trajectories under different climatic
conditions and with different available substrates, over time, their trajectories likely converge (although,
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this remains to be studied in boreal forests). Nevertheless, the timing and maintenance of convergence of
successional trajectories for terrestrial and epiphytic nonvascular plant species has the same implications
for longterm species sustainability as discussed above for vascular species. Epixylic nonvascular plants
are most likely to be at risk on a managed landbase. Based on dead wood resource data from Alberta, it is
known that amounts in all decay classes are reduced throughout post-harvest succession. Even under ideal
conditions, epixylic nonvascular species grow slowly, disperse ineffectively and compete poorly; in
stands with limited substrate, it is reasonable to expect that this guild of nonvascular plant species may
not be sustainable. Leaving live residuals in cutblocks will improve conditions for epiphytic nonvascular
plants and will provide critical inputs of future dead wood resources for substrate limited epixylic
nonvascular species.
Regenerating Trees
Canopy trees left as stand structure have minimal impacts to deciduous tree regeneration and growth for
typical retained levels. Clumped distribution and retention of deciduous canopy trees will have less direct
impact on regenerating trees than retained structure that is evenly distributed or comprised mostly of
conifers. Heavy canopy tree retention may facilitate development of competitive established understories
rather than promoting tree regeneration. Retention of mature conifers will provide a localized seed source
and where receptive seedbeds exist spruce recruitment is likely. Deciduous volume left structure is
removed from the stand harvestable volume, while retained conifer volume may be captured in future
harvests.
Birds
Bird communities are strongly structured by both the vertical and horizontal structure (or heterogeneity)
of forest stands, as well as by species composition of trees. Much of the data on woodpeckers and
songbirds within the boreal focuses on aspen-dominated stands; comparatively little is known about
spruce-dominated stands. Comparing songbird communities in burned and harvested stands, differences
are most distinct immediately post-disturbance. Within burned areas, the community is dominated by
birds that utilise large, burned, dead trees, particularly woodpeckers and other cavity nesters. Immediately
post-harvest where there are few standing live or dead trees, the community is dominated by generalists
and open country or shrub-nesting species. Communities appear to converge over time, with both
communities becoming increasingly dominated by forest species and are fairly similar by 75 years of age,
although a few significant differences remain. Older seral stages of aspen, spruce and mixedwood forests
contain unique communities of a diverse number of species. Increasing the amount of residual trees
retained during harvest will increase the similarity of post-fire and post-harvest communities, primarily by
increasing the presence of forest generalist species. Residuals trees also create structure within cutblocks
through time that would otherwise be missing, such as large snags and downed woody material within
young forests. However, leaving residuals does not re-create early post-fire conditions and the unique
communities found there. At this point, it is unknown whether residual trees can act as lifeboats for forest
species; preliminary studies suggest they may function poorly compared with intact forest.
Mammals
Stand-level structure affects the utilization by mammals of burned and harvested stands throughout
successional time. Small mammals and ungulates are most abundant immediately post-disturbance, and
decrease as stands age. Lynx and hares utilize mid-successional stands but are rare in young and old
stands. Arboreal mammals and mustelids increase in abundance with stand age. Differences in
mammalian abundance and diversity between fire and harvest were most notable in the Initiation stage (010 years post-disturbance) but were still comparatively few. However, the lack of explicit descriptions
and treatment of stand structure post-disturbance in the literature made comparisons difficult. Where
structure was considered in the literature, the presence of moderate amounts of downed woody material,
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clumped live residual trees, and standing dead wood were shown to facilitate convergence of mammal
communities to a pre-disturbance state. Live residuals provide cover, forage, a seed source for
regeneration, and microclimate conditions that facilitate successful occupation of burned and harvested
stands. Harvest regimes that seek to mimic less intense patchy fires and provide many live residuals are
more likely to mitigate impacts of stand-level disturbance on mammals. Significant data gaps exist for
carnivores; these species' response to fire and harvest requires research, as predator-prey interactions can
affect mammal community structure in both early and late successional stages. Mammalian vagility and
large home-range sizes necessitate management at both the stand and landscape scales; although
mammals respond to stand structure, landscape-scale disturbance is also likely to cause population-level
changes.
Adaptive Management in Boreal Forests
Active adaptive management involves learning while managing. It advocates altering management actions
to gain knowledge about the system of concern - every management action is a planned and carefully
structured scientific experiment with the equally important goals of 1) reaping the benefits of the resource
extraction and 2) learning about the ecological repercussions of that action. In the end, the resource has
been extracted, while simultaneously knowledge about the mechanisms of system has been gained. The
results from this experiment can then be used to develop another round of experiments - new harvesting
adapts to the findings of the previous harvesting experiments. This strategy promises to be of considerable
utility in boreal forestry. In this chapter an adaptive management scenario for boreal forestry is presented.
It integrates the information provided in the EBSM document and provides a step-by-step explanation of
the adaptive management process, including experimental design, data gathering, and harvest plan
adaptation.
Social Perceptions of Alternative Harvesting Practices
Over the years, clearcut harvesting has gained a notorious reputation as aesthetically displeasing and as a
symbol of environmental decline and lack of public input. Adoption of a natural disturbance model for
harvesting will change the appearance of cutblocks, for example, with increased retention of trees within
cutblocks, increased block size for some blocks and potentially, with harvesting within riparian areas.
These changes in practices can affect ecological values, as described above, but also affect public
perception of how aesthetic and other values of the blocks are being managed. Studies conducted
throughout North America are used to demonstrate how the public perceptions may be affected. For
example, retention of residual trees on cutblocks generally has a positive effect on perception. Further, by
providing information about positive ecological outcomes of management actions, perceptions can be
improved in some cases. The effect is limited if the public is unlikely to be tolerant of industrial activity,
for example, in areas of high ecological or recreation value. And, perceptions vary widely depending on
demographic factors such as education, culture, rural vs. urban life, age and profession. In many
circumstances, managing for social perceptions involves more than just managing aesthetics or providing
information, but actively engaging the public in forest management in a meaningful way.
Natural Disturbance Template for Boreal Forest Management Using Live Treed Residuals
This chapter discusses the application of a wildfire pattern to setting the amount and size distribution of
treed residuals over a boreal, post-harvest landscape. Current translations of wildfire patterns to timber
harvest landscapes have resulted in larger cutblocks, cutting to natural stand boundaries, removal of
timber in a single pass, and the retention of live treed residual patches within cutblocks. These previous
translations have assumed equivalence between a single cutblock with a single wildfire. Furthermore,
wood removal has focused on a single year’s cutting. Rather than this short time period, we focus on a
planning unit that features relatively clumped polygons and the removal of timber over an entire seral
stage, i.e. 10 years. This enlarges the area of planning and wildfire equivalence and makes possible the
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planning of whole polygon residuals as well as those found within cutblocks. There is no ideal planning
unit size, rather, unit will vary from 5,000 – 125,000 ha depending on the rotation age, total management
area, even-flow constraints on timber management. Like wildfires, the percentage of treed residuals
remaining after harvest depends on the planning area size and ranges from 6 to 11%. Size distribution of
residuals ranges from single trees to polygon-sized areas. Discussion focuses the applicability of the
“wildfire-template” for timber management and the potential integration of different biodiversity
strategies such as old growth and riparian management.
SUMMARY OF MANAGEMENT IMPLICATIONS
Specific management implications are included within each chapter; however, there are major themes that
run through many of the chapters.
1. Management of live and dead residual trees. In both the natural disturbance template and the old
seral stage template, retention of live (and dead) residual trees are recommended. In the disturbance
template, residual trees are used to attempt emulation natural fire skips. In the old seral template, the
emphasis is on the retention of older seral habitat within the cutblock. In both cases, residual trees serve
an important ecological function by increasing within-block heterogeneity of stand structure over time,
and providing older seral stage habitat within younger seral stages. Residual patches also provide a source
of downed woody material that is lacking in clearcut harvested blocks, the importance of which is briefly
outlined below.
To manage for either the disturbance and old seral templates, the average percentage of residuals
maintained at a landscape level will likely need to increase for many operators (figures range from 10%
and higher) and the range of variation in this percentage should also be extended. At the stand level and
with current data, maintenance of a range of variation in patch sizes and shapes are emphasised to
maintain a range of biota. However, as a generalization, for many birds, some mammals, vascular and
non-vascular plants, larger, aggregated patches of residual trees are more effective for maintaining
species, particularly at sizes of 5 ha and greater. As reviewed in Chapter 8, configuration and tree
composition of residual trees can affect the success of stand regeneration of both spruce and aspen stands.
2. Retention of early post-fire stands. Early post-fire stands contain unique communities owing to the
high percentage of standing, burned, dead wood, high variation in habitat heterogeneity, and later, the
input of large amount of downed woody material (DWM). Briefly, post-fire communities have high
abundances of primary and secondary cavity nesting birds, and are particularly important for Blackbacked and Three-toed Woodpeckers. These habitats are critical for a range of fire dependent forbs. The
structural dynamics of early post-fire stands prohibit their emulation by harvesting models. As early postfire stands are often subject to salvage logging, we strongly recommend that a portion of these stands be
excluded from harvest and that fire dynamics be maintained on the forested landbase.
3. Retention of deadwood resources. Retention of downed dead trees, i.e. deadwood resources or
downed woody material (DWM), are vital for a range of organisms. Large diameter stems (>20 cm dbh)
in late decay stages create unique microclimatic conditions and are an important seedbed for a variety of
annual and biennial forbs, and both terrestrial and epixylic bryophytes and lichens. DWM is important
immediately post-disturbance for the recolonisation of blocks by small mammals, an important prey base
for many larger mammals and birds of prey. Also, DWM is critical to a functional carbon cycle within the
forest.
The high level of DWM found in post-fire stands, with the large input of material within the
establishment stage (11-26 years post-disturbance), are unique from both harvested stands and harvested
stands containing residual trees. The important role of DWM underlines the importance of maintaining
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post-fire stands on the landscape. The difference in DWM between harvest and wildfire stands highlights
a potential problem of carbon loss than may be exacerbated over successive rotations.
4. Retention of old-growth stands. Old growth stands (>125 years post-disturbance), with large diameter
live and dead trees, canopy gaps, and large DWM, provide a highly heterogeneous habitat, both
horizontally and vertically across the stand, for many species. The variation in stand composition between
spruce and aspen further increases this heterogeneity. It is in these stands that the highest diversity
(abundance and richness) of forest birds are observed, the highest richness of many plant communities are
observed, including annual-biennial and perennial forbs, low and tall shrubs, epiphytic bryophytes and
lichens, and the highest abundances of small mammals, arboreal mammals, mustelids, black-tailed deer,
and caribou are observed over any seral stage. Communities here are highly variable, and maintaining this
variability represents a challenge for forest managers. Retention of older tree residuals within-block may
address a small portion of old growth habitat needs. Heterogeneity across old growth forests, combined
with the large territory requirements of some of the species found here, suggest that some large tracts of
old growth forest should be maintained on the landbase for biodiversity considerations. Maintenance of
old growth forest can occur through a variety of strategies such as extended rotations, retention of large
polygons of forest with skipped rotations, and protected areas with old seral stages. As noted, harvesting
can have long-term effects on DWM and carbon cycling, and these resources need to be considered
within a strategy to maintain older seral stages and their biotic communities.
5. Need to recognise and address major knowledge gaps. The implications of this research are based
on imperfect knowledge. Each chapter contains detailed knowledge gaps relating to that specific system;
however, we summarise the need for research in the following areas that would improve our conclusions
and management implications. Although not specifically stated, in most cases, data for both post-fire and
post-harvest states are required:
• ecological dynamics of retained patches (size, amount, composition, etc.) through time at both
the stand and landscape level and for both wildfire and harvesting
• ecological role and dynamics of non-target species and stands
• ecological dynamics of downed woody material
• ecological effects of salvage logging (how much, where, when, etc.)
• reproductive and demographic response data for vertebrate systems
• ecological effects on predators and predator-prey dynamics
• knowledge on systems not included in this review (arthropods, amphibians, raptors, shorebirds,
rare species, etc.)
• ecological role and dynamics of riparian areas and forest edges
• long term ecological studies that include temporal and spatial variation at a variety of scales
6. Emphasis of active adaptive management approach to forest management. We recommend the
adoption of a carefully-planned, experimental approach to implementing forest management strategies.
The active adaptive management approach explicitly acknowledges our lack of knowledge in and the
uncertainty in forest management outcomes, and creates management plans that allow for learning while
managing. Contingent with this approach is on-going monitoring to assess both short and long term
outcomes of management decisions, and this applies to the management implications we discuss here as
well. In particular, the large spatial and long temporal scales of forest harvesting make on-going
monitoring a critical step.
7. Forest management on public lands must involve the public. Our recommendations are largely
based on ecological information, with the recognition that managing forests for ecological sustainability
reflects the desires of most Canadians. We recognise that Canadians also have a range of competing and
complementary social, cultural (importantly, aboriginal peoples) and economic values connected to
forests that must be explicitly acknowledged. We encourage government and industry to continue to
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develop appropriate and meaningful forums for this discussion between forest managers and public
stakeholders.

viii

GENERAL ACKNOWLEDGEMENTS
Special thanks to Christine Gray and Pat Soldan for their talents and hard work in preparing this
document. Christine Gray, Dave McKinnon, Kelly Sturgess, and Lindsay Tomyn provided invaluable
assistance in research and editing. Appreciation is extended to the administrative and management
support provided by Elaine Cannan, Monique Devlin, Brenda Dziwenka, Debby Franchuk, Jennifer Ladd,
David McNabb, Jack Nolan, Larry Roy, Susan Stecyk, June Vollans, and Malcolm Wilson.
The Ecological Basis for Stand Management project was originally conceived by Stan Boutin, and Shawn
Wasel of Alberta Pacific Forest Industries Inc. and Alberta Research Council Inc. scientists Philip Lee,
Jim Schieck, Lui Marinelli and Susan Crites.
We gratefully acknowledge the support of our funders: Dave Beck, Ainsworth Lumber Company Ltd.,
Elston Dzus, Alberta Pacific Forest Industries Inc., Harry Stelfox, Alberta Sustainable Resource
Development, J.P. Bielech, Manning Diversified Forest Products Research Trust Fund, and Keith Hobson
and Frank Letchford, Northern Rivers Ecosystem Initiative, Canadian Wildlife Service, Environment
Canada.
We thank all the individuals who helped to improve this document by reviewing chapters: Lorna Allen,
Harry Archibald, Dave Beck, Elston Dzus, Ken Greenway, Christine Found, Keith Hobson, Anne Hubbs,
Terry Osko, Dave Patterson, Chris Shank, Kirby Smith, Troy Sorenson, Andrei Startsev, Robert Stokes,
Terry Turner, Barry White, and Stephen Wills.

ix

CONTRIBUTORS
SAMANTHA J. SONG, Ph.D., Project Leader. Avian Ecology and Community-Based Natural Resource Management.
Ecosystem Management, Alberta Research Council Inc., Vegreville, AB, T9C 1T4, phone (780) 632-8317, fax
(780) 632-8379, email song@arc.ab.ca
STEVE BRADBURY, Ph.D., Plant and Fungal Ecology.
Ecosystem Management, Alberta Research Council Inc., Vegreville, AB, T9C 1T4, phone (780) 632-8305, fax
(780) 632-8379, email bradbury@arc.ab.ca
JASON T. FISHER, M.Sc., Mammal and Landscape Ecology.
Ecosystem Management, Alberta Research Council Inc., Vegreville, AB, T9C 1T4, phone (780) 632-8374, fax
(780) 632-8379, email fisherj@arc.ab.ca
PHILIP LEE, Ph.D., Forest Ecology.
Integrated Landscape Management Program, room Z1107, Department of Biological Sciences, University of
Alberta, Edmonton, AB, T6G 2E9, phone (780) 492-5766, email philipl@ualberta.ca
JIM SCHIECK, Ph.D., Ecology.
Ecosystem Management, Alberta Research Council Inc., Vegreville, AB, T9C 1T4, phone (780) 632-8305, fax
(780) 632-8379, email jims@arc.ab.ca
KEN J. GREENWAY, Ph.D., Forest Ecology.
Forest & Fibre Production, Alberta Research Council Inc. Bag 4000, Vegreville, AB, phone (780) 632-8261, fax
(780) 632-8379, email ken.greenway@arc.ab.ca
CHERIE J. WESTBROOK, M.Sc., P. Biol., Ecosystem Biogeochemistry and Hydrology.
Alberta Agriculture, Food and Rural Development, Conservation and Development, #206 J.G. O'Donoghue
Building, 7000 - 113 St., Edmonton, AB, T6H 5T6, phone (780) 427-3770, fax (780) 422-0474, email
cherie.westbrook@gov.ab.ca
LISA WILKINSON, M.Sc., Regional Endangered Species Specialist.
Alberta Fish and Wildlife Service, Courier Box 27, Prov. Bldg. #203 - 111 - 54 Street, Edson, AB, T7E 1T2,
phone (780) 723-8556, fax (780) 723-7963, email lisa.wilkinson@gov.ab.ca
STEVEN G. CUMMING, Ph.D., Forest Ecology.
Boreal Ecoystems Research Ltd. 6915-106 St. Edmonton, AB, T6H 2W1, phone (780) 431-1589, fax (780) 4321356, email stevec@berl.ab.ca
KEVIN J. DEVITO, Ph.D., Wetland, Forest Hydrology and Biogeochemistry.
Department of Biological Sciences, room CW-405, University of Alberta, Edmonton, AB, T6G 2E9, phone
(780) 492-9387, fax (780) 492-9234, email kdevito@gpu.srv.ualberta.ca
CHERYL SMYTH, M.Sc., Plant Ecology.
1422 Sutherland Ave, North Vancouver, BC, V7L 4B3, phone (604) 904-8854, fax (604) 648-8872, email
cheryl.smyth@shaw.ca
BRIGITTE E. GROVER, Ph.D., Forest Ecology and Mixedwood Management Forestry.
Woodlands, Alberta-Pacific Forest Industries, Box 8000, Boyle, AB, T0A 0M0, phone (780) 525-8349, fax (780)
525-8097, email groverbr@alpac.ca
STAN BOUTIN, Ph.D., Chair, Integrated Landscape Management.
Department of Biological Sciences, University of Alberta, Edmonton, AB, T6G 2E9, phone (780) 492-1297, fax
(780) 492-9234, email stan.boutin@ualberta.ca

x

FUNDING SOURCES
Ainsworth Lumber Company Ltd.
Contact: Dave Beck, Silviculture Forester
Bag 6700, Grande Prairie, AB, T8V 6Y9
Phone (780) 831-2522
Fax (780) 831-2501
E-mail daveb@ainsworth.ca
Alberta-Pacific Forest Industries Inc.
Contact: Dr. Elston Dzus, Forest Ecology Program Manager
Box 8000, Boyle, AB, T0A 0M0
Phone (800)-661-5210
Fax (780) 525-8097
E-mail dzusel@alpac.ca
Alberta Sustainable Resource Development
Contact: Harry Stelfox, Senior Wildlife Advisor
9th Fl. 9915-108th Street, Edmonton, AB, T5K 2M4
Phone (780) 427-2044
Fax (780) 422-5136
E-mail harry.stelfox@gov.ab.ca
ALBERTA RESEARCH COUNCIL, ECOSYSTEM MANAGEMENT BUSINESS UNIT
Contact: Larry Roy, Business Unit Manager (acting)
Bag 4000, Vegreville, AB, T9C 1T4
Phone (780) 632-8250
Fax (780) 632-8379
E-mail larry@arc.ab.ca
Environment Canada / Northern Rivers Ecosystem Initiative
Contact: Frank Letchford, NREI Project Manager
Suite 200, Twin Atria Building, 4999 - 98 Avenue, Edmonton, AB, T6B 2X3
Phone: (780) 951-8723
Fax (780) 495-2615
E-mail frank.letchford@ec.gc.ca
Alternate Contact: Keith A. Hobson
Canadian Wildlife Service/Prairie and Northern Wildlife Research Centre
115 Perimeter Road, Saskatoon, SK, S7N 0X4
Phone (306) 975-4102
E-mail keith.hobson@ec.gc.ca
Manning Diversified Forest Products Research Trust Fund (c/o Manning Diversified Forest
Products Ltd.)
Contact: J.P. Bielech, Woodlands Manager
Box 370, Manning, AB, T0H 2M0
Phone (780) 836-3111
Fax (780) 836-3202
E-mail jpmdfp@telusplanet.net

xi

TABLE OF CONTENTS
PAGE
EXECUTIVE SUMMARY .................................................................................................................................. ii
GENERAL ACKNOWLEDGEMENTS ................................................................................................................ ix
CONTRIBUTORS ............................................................................................................................................. x
FUNDING SOURCES ........................................................................................................................................ xi
TABLE OF CONTENTS .................................................................................................................................... xii
LIST OF TABLES ............................................................................................................................................. xxiv
LIST OF FIGURES ........................................................................................................................................... xxvi
LIST OF APPENDICES ..................................................................................................................................... xxviii

CHAPTER 1: INTRODUCTION TO THE ECOLOGICAL BASIS FOR STAND MANAGEMENT ........................... 1-1
REPORT OBJECTIVES .................................................................................................................................... 1-1
BACKGROUND ................................................................................................................................................ 1-1
SCOPE ............................................................................................................................................................. 1-2
BEYOND THE SCOPE OF THIS DOCUMENT.................................................................................................... 1-4
REFERENCES .................................................................................................................................................. 1-4

CHAPTER 2: COARSE-FILTER MANAGEMENT PARADIGMS FOR TIMBER HARVEST ................................ 2-1
INTRODUCTION .............................................................................................................................................. 2-1
Extent of Disturbances on the Landscape ....................................................................................................... 2-1
BIODIVERSITY MANAGEMENT APPROACHES .............................................................................................. 2-5
BIODIVERSITY MANAGEMENT PARADIGMS AND STANDARDS ................................................................... 2-6
OLD SERAL STAGE MANAGEMENT OBJECTIVES AND PRACTICES ............................................................ 2-7
DISTURBANCE-SUCCESSION MANAGEMENT OBJECTIVE AND PRACTICES ............................................... 2-8
WHAT NEXT? ................................................................................................................................................. 2-9
REFERENCES .................................................................................................................................................. 2-9

CHAPTER 3: STAGES OF FOREST SUCCESSION ............................................................................................ 3-1
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE ............................................................................... 3-1
ESTABLISHMENT STAGE: 10-25 YEARS POST-DISTURBANCE .................................................................... 3-2
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ....................................................................... 3-2

xii

MATURE STAGE: 76-125 YEARS POST-DISTURBANCE ............................................................................... 3-2
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE ......................................................................... 3-3
REFERENCES .................................................................................................................................................. 3-3

CHAPTER 4: COMPARATIVE ANALYSIS OF THE EFFECTS
OF WILDFIRE AND HARVESTING ON PHYSICAL AND
CHEMICAL PROPERTIES OF UPLAND FOREST SOIL ................................................................... 4-1
INTRODUCTION .............................................................................................................................................. 4-1
SOIL PHYSICAL PROPERTIES ........................................................................................................................ 4-3
Mechanical Compaction ................................................................................................................................. 4-3
Redox Status ............................................................................................................................................ 4-4
Effects on Trees ....................................................................................................................................... 4-4
Hydraulic Conductivity............................................................................................................................ 4-5
Impact of Moisture................................................................................................................................... 4-6
Time of Year............................................................................................................................................. 4-6
Recovery from Compaction ..................................................................................................................... 4-6
SOIL MICROCLIMATE.................................................................................................................................... 4-7
Temperature .................................................................................................................................................... 4-7
Harvest .................................................................................................................................................... 4-7
Wildfire .................................................................................................................................................... 4-8
Comparison of Harvest and Wildfire....................................................................................................... 4-9
Impact of Higher Temperature on Aspen ................................................................................................ 4-9
Moisture .......................................................................................................................................................... 4-10
SOIL CHEMICAL PROPERTIES AND NUTRIENT CYCLING ........................................................................... 4-13
Acidity ............................................................................................................................................................ 4-14
Soil Organic Matter Content ........................................................................................................................... 4-14
Soil Carbon ..................................................................................................................................................... 4-17
Natural Distribution ................................................................................................................................ 4-17
Soil Organic Carbon ............................................................................................................................... 4-18
Soil Respiration ....................................................................................................................................... 4-19
Nitrogen .......................................................................................................................................................... 4-21
Natural N Cycling and Distribution ........................................................................................................ 4-21
Fire .......................................................................................................................................................... 4-22
Harvest .................................................................................................................................................... 4-23
Comparison of Wildfire and Harvest....................................................................................................... 4-25
Replacement of N..................................................................................................................................... 4-25
Phosphorous.................................................................................................................................................... 4-26
Natural Distribution ................................................................................................................................ 4-26
Fire .......................................................................................................................................................... 4-27
Harvest .................................................................................................................................................... 4-27
P Recovery............................................................................................................................................... 4-28

xiii

ACKNOWLEDGEMENTS.................................................................................................................................. 4-28
REFERENCES

.................................................................................................................................................. 4-28

CHAPTER 5: FOREST STRUCTURE AFTER WILDFIRE AND HARVESTING .................................................. 5-1
OBJECTIVE ..................................................................................................................................................... 5-1
METHODOLOGY ............................................................................................................................................. 5-1
RESIDUAL PATCHES AND LARGE TREES...................................................................................................... 5-2
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 5-2
Disturbance-Succession Template........................................................................................................... 5-4
Old Seral Template.................................................................................................................................. 5-5
Establishment Stage and Beyond: 11->125 Years Post-Disturbance ............................................................. 5-5
LARGE TREES ................................................................................................................................................ 5-6
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 5-6
Disturbance-Succession Template........................................................................................................... 5-6
Old Seral Stage Template ........................................................................................................................ 5-8
Establishment Stage and Beyond: 11->125 Years Post-Disturbance ............................................................. 5-9
Disturbance-Succession and Old Seral Templates.................................................................................. 5-8
Old Seral Stage Template ........................................................................................................................ 5-9
Falldown of Large Trees ................................................................................................................................. 5-9
STANDING DEAD TREES (SNAGS) ................................................................................................................. 5-10
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 5-10
Disturbance-Succession Template........................................................................................................... 5-15
Old Seral Template.................................................................................................................................. 5-16
Establishment Stage: 11-25 Years Post Disturbance ...................................................................................... 5-16
Disturbance-Succession Template........................................................................................................... 5-17
Old Seral Template.................................................................................................................................. 5-17
Aggradation Stage: 26-75 Years Post-Disturbance......................................................................................... 5-17
Disturbance-Succession Template........................................................................................................... 5-18
Old Seral Template.................................................................................................................................. 5-18
Mature Stage: 76-125 Years Post-Disturbance ............................................................................................... 5-18
Disturbance-Succession Template........................................................................................................... 5-19
Old Seral Template.................................................................................................................................. 5-19
Old-Growth Stage: >125 Years Post-Disturbance .......................................................................................... 5-19
Disturbance-Succession and Old Seral Templates.................................................................................. 5-20
DOWNED WOODY MATERIALS (DWM) ....................................................................................................... 5-20
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 5-20
Disturbance-Succession Template........................................................................................................... 5-20
Old Seral Template.................................................................................................................................. 5-20

xiv

Establishment Stage: 11-25 Years Post-Disturbance...................................................................................... 5-23
Disturbance-Succession Template........................................................................................................... 5-23
Old Seral Template.................................................................................................................................. 5-23
Aggradation Stage: 26-75 Years Post-Disturbance......................................................................................... 5-25
Disturbance-Succession Template........................................................................................................... 5-25
Old Seral Template.................................................................................................................................. 5-26
Mature Stage: 76-125 Years Post-Disturbance ............................................................................................... 5-26
Disturbance-Succession and Old Seral Templates.................................................................................. 5-26
Old-Growth Stage: >125 Years Post-Disturbance .......................................................................................... 5-27
Disturbance-Succession and Old Seral Templates.................................................................................. 5-27
CUTBLOCK AND RESIDUAL EDGES ............................................................................................................... 5-27
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 5-28
Disturbance-Succession Template........................................................................................................... 5-30
Old Seral Template.................................................................................................................................. 5-31
Establishment Stage and Beyond: 11->125 Years Post-Disturbance ............................................................. 5-31
RIPARIAN EDGES ........................................................................................................................................... 5-31
Temperature Control....................................................................................................................................... 5-32
Organic Matter ................................................................................................................................................ 5-32
Erosion and Sedimentation ............................................................................................................................. 5-34
Nutrient Transport........................................................................................................................................... 5-34
Terrestrial Structure ........................................................................................................................................ 5-35
LANDSCAPE CONSIDERATIONS FOR DISTURBANCE-SUCCESSION AND OLD SERAL TEMPLATES ............ 5-36
FILLING DATA GAPS IN SERAL STAGES ....................................................................................................... 5-37
KEY FINDINGS................................................................................................................................................ 5-38
MANAGEMENT IMPLICATIONS ..................................................................................................................... 5-39
KNOWLEDGE GAPS ........................................................................................................................................ 5-39
ACKNOWLEDGEMENTS.................................................................................................................................. 5-40
REFERENCES .................................................................................................................................................. 5-40

CHAPTER 6: RESPONSE OF UNDERSTOREY VASCULAR PLANTS TO WILDFIRE AND
HARVESTING.............................................................................................................................................. 6-1
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE................................................................. 6-1
Parallel Successional Development ................................................................................................................ 6-1
Burned Stands Without Residual Live Trees ........................................................................................... 6-1
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 6-10
Burned Stands With Residual Live Trees................................................................................................. 6-14
Cut Stands With Residual Live Trees....................................................................................................... 6-14
Comparison Between Burned and Cut Stands......................................................................................... 6-16
Old-Growth Structure of Harvest Stands ........................................................................................................ 6-16
xv

ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE .................................................................... 6-17
Parallel Successional Development ................................................................................................................ 6-17
Burned Stands Without Residual Live Trees ........................................................................................... 6-17
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 6-17
Burned Stands With Residual Live Trees................................................................................................. 6-18
Cut Stands With Residual Live Trees....................................................................................................... 6-18
Comparison Between Burned and Cut Stands......................................................................................... 6-18
Old-Growth Structure of Harvest Stands ........................................................................................................ 6-19
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ....................................................................... 6-19
Parallel Succession Development ................................................................................................................... 6-19
Burned Stands Without Residual Live Trees ........................................................................................... 6-19
Cut Stands Without Residual Live Trees ................................................................................................. 6-20
Burned Stands With Residual Live Trees................................................................................................. 6-20
Cut Stands With Residual Live Trees....................................................................................................... 6-20
Comparison Between Burned and Cut Stands......................................................................................... 6-21
Old-Growth Structure of Harvest Stands ........................................................................................................ 6-21
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE ............................................................................... 6-21
Parallel Successional Development ................................................................................................................ 6-21
Burned Stands Without Residual Live Trees ........................................................................................... 6-21
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 6-25
Burned Stands With Residual Live Trees................................................................................................. 6-25
Cut Stands With Residual Live Trees....................................................................................................... 6-25
Comparison Between Burned and Cut Stands......................................................................................... 6-26
Old-Growth Structure of Harvest Stands ........................................................................................................ 6-26
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE ......................................................................... 6-27
Parallel Successional Development ................................................................................................................ 6-27
Burned Stands Without Residual Live Trees ........................................................................................... 6-27
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 6-28
Burned Stands With Residual Live Trees................................................................................................. 6-28
Cut Stands With Residual Live Trees....................................................................................................... 6-29
Comparison Between Burned and Cut Stands......................................................................................... 6-29
Old-Growth Structure of Harvest Stands ........................................................................................................ 6-29
VASCULAR PLANT RESPONSES TO FOREST EDGES ..................................................................................... 6-29
VASCULAR PLANT RESPONSES TO RIPARIAN RESIDUALS .......................................................................... 6-33
River Riparian Habitat .................................................................................................................................... 6-34
Lakeshore Riparian Habitat ............................................................................................................................ 6-35
Harvesting Riparian Habitat ........................................................................................................................... 6-36
KEY FINDINGS ........................................................................................................................................... 6-36
MANAGEMENT IMPLICATIONS ..................................................................................................................... 6-47
FUTURE RESEARCH NEEDS ........................................................................................................................... 6-51

xvi

ACKNOWLEDGEMENTS.................................................................................................................................. 6-51
REFERENCES .................................................................................................................................................. 6-51

CHAPTER 7: RESPONSE OF NONVASCULAR PLANTS TO WILDFIRE AND HARVESTING ............................ 7-1
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE ............................................................................... 7-3
Parallel Successional Development ................................................................................................................ 7-3
Burned Stands Without Residual Live Trees ........................................................................................... 7-3
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 7-5
Burned Stands With Residual Live Trees................................................................................................. 7-7
Cut Stands With Residual Live Trees....................................................................................................... 7-7
Comparison Between Burned and Cut Stands......................................................................................... 7-8
Old-Growth Structure of Harvested Stands .................................................................................................... 7-9
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE .................................................................... 7-9
Parallel Successional Development ................................................................................................................ 7-9
Burned Stands Without Residual Live Trees ........................................................................................... 7-9
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 7-10
Burned Stands With Residual Live Trees................................................................................................. 7-10
Cut Stands With Residual Live Trees....................................................................................................... 7-10
Comparison Between Burned and Cut Stands......................................................................................... 7-11
Old-Growth Structure of Harvested Stands .................................................................................................... 7-11
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ....................................................................... 7-12
Parallel Successional Development ................................................................................................................ 7-12
Burned Stands Without Residual Live Trees ........................................................................................... 7-12
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 7-13
Burned Stands With Residual Live Trees................................................................................................. 7-14
Cut Stands With Residual Live Trees....................................................................................................... 7-14
Comparison Between Burned and Cut Stands......................................................................................... 7-15
Old-Growth Structure of Harvested Stands .................................................................................................... 7-16
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE ............................................................................... 7-16
Parallel Successional Development ................................................................................................................ 7-16
Burned Stands Without Residual Live Trees ........................................................................................... 7-16
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 7-17
Burned Stands With Residual Live Trees................................................................................................. 7-18
Cut Stands With Residual Live Trees....................................................................................................... 7-18
Comparison Between Burned and Cut Stands......................................................................................... 7-18
Old-Growth Structure of Harvested Stands .................................................................................................... 7-19
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE ......................................................................... 7-19
Parallel Successional Development ................................................................................................................ 7-19
Burned Stands Without Residual Live Trees ........................................................................................... 7-19
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 7-20
Burned Stands With Residual Live Trees................................................................................................. 7-20
Cut Stands With Residual Live Trees....................................................................................................... 7-20
xvii

Comparison Between Burned and Cut Stands......................................................................................... 7-21
Old-Growth Structure of Harvested Stands .................................................................................................... 7-21
NONVASCULAR PLANT RESPONSES TO FOREST EDGES .............................................................................. 7-21
NONVASCULAR PLANT RESPONSES TO RIPARIAN RESIDUALS ................................................................... 7-22
KEY FINDINGS................................................................................................................................................ 7-23
MANAGEMENT IMPLICATIONS ..................................................................................................................... 7-27
FUTURE RESEARCH NEEDS ........................................................................................................................... 7-27
ACKNOWLEDGEMENTS.................................................................................................................................. 7-30
REFERENCES .................................................................................................................................................. 7-30

CHAPTER 8: REGENERATION OF TREES AFTER WILDFIRE AND HARVESTING ........................................ 8-1
INTRODUCTION .............................................................................................................................................. 8-1
REGENERATION ECOLOGY OF ASPEN AND BALSAM POPLAR AND WHITE SPRUCE ................................. 8-2
REGENERATION AND GROWTH OF TREES AFTER HARVEST AND WILDFIRE ........................................... 8-4
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 8-4
Regeneration After Wildfire..................................................................................................................... 8-4
Aspen.............................................................................................................................................. 8-5
Spruce............................................................................................................................................. 8-5
Regeneration After Harvest ..................................................................................................................... 8-7
Aspen.............................................................................................................................................. 8-7
Balsam Poplar................................................................................................................................. 8-10
White Spruce .................................................................................................................................. 8-11
Retained Structure and Tree Regeneration ............................................................................................. 8-12
Establishment Stage: 10-25 Years Post-Disturbance...................................................................................... 8-13
Responses After Wildfire ......................................................................................................................... 8-14
Responses After Harvest .......................................................................................................................... 8-14
Aggradation Stage: 26-75 Years Post-Disturbance......................................................................................... 8-14
Responses After Wildfire ......................................................................................................................... 8-14
Responses After Harvest .......................................................................................................................... 8-15
Mature and Old-Growth Stage: 76->125 Years Post-Disturbance ................................................................. 8-16
Response After Wildfire ........................................................................................................................... 8-16
Responses After Harvest .......................................................................................................................... 8-17
STAND STRUCTURE IMPLICATIONS TO GROWTH AND YIELD .................................................................... 8-18
KEY MANAGEMENT IMPLICATIONS ............................................................................................................. 8-19
KEY INFORMATION GAPS ............................................................................................................................. 8-20
ACKNOWLEDGEMENTS.................................................................................................................................. 8-20
REFERENCES .................................................................................................................................................. 8-20

xviii

CHAPTER 9: RESPONSES OF BOREAL BIRDS TO WILDFIRE AND HARVESTING ........................................ 9-1
INTRODUCTION .............................................................................................................................................. 9-1
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE ............................................................................... 9-2
Parallel Successional Development Between Fires and Logging ................................................................... 9-2
Burned Stands Without Residual Live Trees ........................................................................................... 9-2
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 9-2
Burned Stands With Different Amounts and Patterns of Residual Live Trees......................................... 9-3
Cut Stands With Different Amounts and Patterns of Residual Live Trees............................................... 9-4
Comparison Between Burned and Harvested Stands .............................................................................. 9-7
Old-Growth Characteristics of Harvested Stands ........................................................................................... 9-9
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE .................................................................... 9-11
Parallel Successional Development Between Fires and Logging ................................................................... 9-11
Burned Stands Without Residual Live Trees ........................................................................................... 9-11
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 9-12
Burned Stands With Different Amounts and Patterns of Residual Live Trees......................................... 9-13
Cut Stands With Different Amounts and Patterns of Residual Live Trees............................................... 9-14
Comparison Between Burned and Harvested Stands .............................................................................. 9-16
Old-Growth Characteristics of Harvested Stands ........................................................................................... 9-16
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ....................................................................... 9-17
Parallel Successional Development Between Fires and Logging ................................................................... 9-17
Burned Stands Without Residual Live Trees ........................................................................................... 9-17
Burned Stands With Different Amounts and Patterns of Residual Live Trees......................................... 9-20
Cut Stands With Different Amounts and Patterns of Residual Live Trees............................................... 9-21
Comparison Between Burned and Harvested Stands .............................................................................. 9-22
Old-Growth Characteristics of Harvested Stands ........................................................................................... 9-22
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE ............................................................................... 9-22
Parallel Successional Development Between Fires and Logging ................................................................... 9-22
Burned Stands Without Residual Live Trees ........................................................................................... 9-22
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 9-24
Burned Stands With Different Amounts and Patterns of Residual Live Trees......................................... 9-24
Cut Stands With Different Amounts and Patterns of Residual Live Trees............................................... 9-25
Comparison Between Burned and Harvested Stands .............................................................................. 9-25
Old-Growth Characteristics of Harvested Stands ........................................................................................... 9-25
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE ......................................................................... 9-26
Parallel Successional Development Between Fires and Logging ................................................................... 9-26
Burned Stands Without Residual Live Trees ........................................................................................... 9-26
Cut Stands Without Residual Trees (Clearcuts) ...................................................................................... 9-27
Burned Stands With Different Amounts and Patterns of Residual Live Trees......................................... 9-27
Cut Stands With Different Amounts and Patterns of Residual Live Trees............................................... 9-27
Comparison Between Burned and Harvested Stands .............................................................................. 9-28
Old-Growth Characteristics of Harvested Stands ........................................................................................... 9-28

xix

BIOTIC RESPONSES TO FOREST EDGES ........................................................................................................ 9-28
Background ..................................................................................................................................................... 9-28
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 9-29
At the Disturbance Side of the Edge ........................................................................................................ 9-29
Fires ................................................................................................................................................ 9-29
Cutblocks........................................................................................................................................ 9-30
At the Forest Side of the Edge ................................................................................................................. 9-30
Fires ................................................................................................................................................ 9-30
Cutblocks........................................................................................................................................ 9-30
Establishment Stage: 11-25 Years Post-Disturbance...................................................................................... 9-32
At the Disturbance Side of the Edge ........................................................................................................ 9-32
Fires and Cutblocks ........................................................................................................................ 9-32
At the Forest Side of the Edge........................................................................................................ 9-32
Aggradation Stage: 26-75 Years Post-Disturbance......................................................................................... 9-32
BIOTIC RESPONSES TO RIPARIAN BUFFER STRIPS ...................................................................................... 9-33
Upland vs. Riparian Forests ............................................................................................................................ 9-33
Songbird Communities in Riparian Buffer Strips........................................................................................... 9-34
KEY FINDINGS AND MANAGEMENT IMPLICATIONS .................................................................................... 9-36
Overall Patterns............................................................................................................................................... 9-36
Differences Immediately Post-Fire Versus Immediately Post-Harvest .......................................................... 9-36
Convergence Between Post-Fire and Post-Harvest Stands During Mid Seral Stages .................................... 9-36
Live Residual Trees Make all Stands More Similar to “Old Forest”.............................................................. 9-40
Bird Communities Differ Among Old Deciduous, Mixedwood, and White Spruce Stands........................... 9-42
Bird Communities are Unlikely to Experience Edge Effects in Forests Adjacent to Wildlife or
Harvests ........................................................................................................................................................ 9-42
Riparian Areas Support Unique Bird Communities........................................................................................ 9-42
POTENTIAL STRATEGY TO MANAGE BIRD COMMUNITIES......................................................................... 9-43
SUMMARY OF RESEARCH GAPS .................................................................................................................... 9-45
ACKNOWLEDGEMENTS.................................................................................................................................. 9-45
REFERENCES .................................................................................................................................................. 9-45

CHAPTER 10: MAMMALIAN RESPONSES TO WILDFIRE AND HARVESTING............................................... 10-1
INTRODUCTION .............................................................................................................................................. 10-1
MAMMALIAN RESPONSES TO REGENERATING AREAS ............................................................................... 10-2
Initiation Stage: 0-10 Years Post-Disturbance................................................................................................ 10-2
Parallel Successional Development ........................................................................................................ 10-2
Burned Stands Without Residual Live Trees ................................................................................. 10-2
Cut Stands Without Residual Live Trees (Clearcuts) .............................................................................. 10-7

xx

Burned Stands With Residual Live Trees................................................................................................. 10-14
Cut Stands With Residual Live Trees....................................................................................................... 10-14
Residual Retention Regimes .................................................................................................................... 10-16
Comparison Between Burned and Cut Stands......................................................................................... 10-18
Old-Growth Structure of Harvest Stands ........................................................................................................ 10-20
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE .................................................................... 10-21
Parallel Successional Development ................................................................................................................ 10-21
Burned Stands Without Residual Live Trees ........................................................................................... 10-21
Cut Stands Without Residual Live Trees ................................................................................................. 10-24
Burned Stands With Residual Live Trees................................................................................................. 10-25
Cut Stands With Residual Live Trees....................................................................................................... 10-26
Comparison Between Burned and Cut Stands......................................................................................... 10-26
Old-Growth Structure of Harvest Stands ........................................................................................................ 10-27
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ...................................................................... 10-27
Parallel Successional Development ................................................................................................................ 10-27
Burned Stands Without Residual Live Trees ........................................................................................... 10-27
Cut Stands Without Residual Live Trees ................................................................................................. 10-29
Burned Stands With Residual Live Trees................................................................................................. 10-31
Cut Stands With Residual Live Trees....................................................................................................... 10-31
Comparison Between Burned and Cut Stands......................................................................................... 10-32
Old Growth Structure of Harvest Stands ........................................................................................................ 10-32
MATURE – OLD-GROWTH STAGES: 76->125 YEARS POST-DISTURBANCE ............................................... 10-32
Parallel Successional Development ................................................................................................................ 10-32
Burned Stands (Old-Growth Uncut Stands) ............................................................................................ 10-32
Cut Stands................................................................................................................................................ 10-35
Old-Growth Structure of Harvest Stands ........................................................................................................ 10-35
MAMMALIAN RESPONSES TO FOREST EDGES ............................................................................................. 10-35
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE ................................................................................. 10-36
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE .................................................................... 10-40
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE ....................................................................... 10-41
MATURE – OLD-GROWTH STAGE: 76->125 YEARS POST-DISTURBANCE ................................................ 10-41
CONCLUSIONS ................................................................................................................................................ 10-42
MAMMALIAN RESPONSES TO RIPARIAN RESIDUALS .................................................................................. 10-42
Mammalian Use of Riparian Areas................................................................................................................. 10-43
SUMMARY ....................................................................................................................................................... 10-47
MANAGEMENT IMPLICATIONS ..................................................................................................................... 10-48
Mammalian Responses to Regenerating Areas............................................................................................... 10-48
Stand-Level Structure .............................................................................................................................. 10-48
Landscape-Level Structure ...................................................................................................................... 10-51

xxi

MANAGEMENT IMPLICATIONS ..................................................................................................................... 10-52
Mammalian Responses to Regenerating Edges .............................................................................................. 10-52
Mammalian Responses to Riparian Areas ...................................................................................................... 10-53
ACKNOWLEDGEMENTS.................................................................................................................................. 10-53
REFERENCES .................................................................................................................................................. 10-53
CHAPTER 11: MANAGEMENT FOR SOCIAL PERCEPTIONS OF CHANGING HARVESTING PRACTICES IN
THE WESTERN BOREAL FOREST .................................................................................................................. 11-1
WHY MANAGE FOR SOCIAL PERCEPTIONS OF HARVESTING PRACTICES?............................................... 11-1
WHAT TYPES OF HARVEST PRACTICES DO WE TEND TO PREFER? And How are we Likely to Respond
to Harvest Practices Based on Natural Disturbance Principles? ..................................................................... 11-2
WHAT FACTORS INFLUENCE PERCEPTIONS AND WHY? ............................................................................ 11-6
DOES INFORMATION MEDIATE PERCEPTIONS? .......................................................................................... 11-9
HOW SHOULD WE MANAGE FOR SOCIAL PERCEPTIONS? .......................................................................... 11-12
WHAT ELSE DO WE NEED TO UNDERSTAND ABOUT SOCIAL PERCEPTIONS?........................................... 11-13
KEY FINDINGS................................................................................................................................................ 11-14
ACKNOWLEDGEMENTS.................................................................................................................................. 11-14
REFERENCES .................................................................................................................................................. 11-14

CHAPTER 12: ADAPTIVE BOREAL FORESTRY: ANTICIPATION AND EXPERIMENTATION ........................ 12-1
INTRODUCTION .............................................................................................................................................. 12-1
DELINEATING ADAPTIVE MANAGEMENT .................................................................................................... 12-1
ACTIVE ADAPTIVE MANAGEMENT AND TRADITIONAL RESEARCH ........................................................... 12-2
KEYS TO IMPLEMENTATION ......................................................................................................................... 12-3
SYNTHESIS ...................................................................................................................................................... 12-6
Anticipation and Experimentation .................................................................................................................. 12-6
Integrating EBSM ........................................................................................................................................... 12-6
CREATING AN AAM SCENARIO FOR BOREAL FORESTRY .......................................................................... 12-7
Compiling Background Information............................................................................................................... 12-7
Creating a Model............................................................................................................................................. 12-8
Framing the Question...................................................................................................................................... 12-8
Selecting a Response Variable........................................................................................................................ 12-9
Establishing Constraints.................................................................................................................................. 12-9
Creating a Hypothesis ..................................................................................................................................... 12-10
Executing the Experiment............................................................................................................................... 12-11

xxii

Monitoring ...................................................................................................................................................... 12-11
Adapting ........................................................................................................................................................ 12-12
A Note on Spatial Scale of Implementation.................................................................................................... 12-13
SUMMARY ....................................................................................................................................................... 12-13
ACKNOWLEDGEMENTS.................................................................................................................................. 12-14
REFERENCES .................................................................................................................................................. 12-14

CHAPTER 13: LARGE-SCALE PLANNING OF LIVE TREED RESIDUALS BASED ON A NATURAL
DISTURBANCE-SUCCESSION TEMPLATE FOR LANDSCAPES ....................................................................... 13-1
INTRODUCTION .............................................................................................................................................. 13-1
Planning Unit Sizes and Shapes...................................................................................................................... 13-5
Residual Targets Within a Planning Unit ....................................................................................................... 13-7
Number and Size Distribution of Residuals.................................................................................................... 13-8
OVERSTOREY TYPES FOR RESIDUALS.......................................................................................................... 13-11
SPATIAL DISTRIBUTION WITHIN A PLANNING UNIT ................................................................................... 13-12
LOGGERS’ CHOICE GUIDELINES FOR SELECTION OF INBLOCK RESIDUALS ............................................ 13-12
DISCUSSION .................................................................................................................................................... 13-15
UNDERLYING ASSUMPTIONS ......................................................................................................................... 13-16
INTEGRATING WITH OTHER CONSERVATION STRATEGIES ....................................................................... 13-17
ADAPTIVE MANAGEMENT ............................................................................................................................. 13-17
ACKNOWLEDGEMENTS.................................................................................................................................. 13-18
REFERENCES .................................................................................................................................................. 13-18

xxiii

LIST OF TABLES
PAGE
TABLE 4.1

Wildfire heating effects on soil biological functioning (Neary et al. 1999)...................... 4-8

TABLE 4.2

Comparison of the distribution of N and P in mature white spruce and aspen in
principal taiga forests of interior Alaska (Van Cleve et al. 1980) ..................................... 4-22

TABLE 5.1

Summary table of densities (stems per ha) of large trees (>30 cm dbh) following
disturbance reported from different sources in Europe and North America...................... 5-7

TABLE 5.2

Median and mean volume (metres squared per ha) of snags (>1.3 m height) reported for
various boreal forest types in Asia and Europe ................................................................. 5-13

TABLE 5.3

Median and mean densities (snags per ha) of snags (>7.6 cm dbh) reported for various
boreal forest types in Asia, Europe, and North America ................................................... 5-14

TABLE 5.4

Volume of downed woody materials (m3 per ha; >1.0 cm dbh) reported for various
boreal forest types in Asia, Europe, and North America ................................................... 5-24

TABLE 6.1

Plant species commonly encountered in boreal forests of Alberta .................................... 6-2

TABLE 6.2

Common plant species found in plant species groups discussed in text............................ 6-7

TABLE 6.3

Total species diversity (Shannon Index for herb dataset only), and evenness (J’ for herb
dataset only) in post-fire and post-harvest stands 1, 14, 28 and 60 years postdisturbance......................................................................................................................... 6-11

TABLE 6.4

Vascular plant species (annual, biennial and perennial forbs, low shrubs and exotics)
richness and Shannon diversity from cutover boreal forests of northwestern Alberta ...... 6-12

TABLE 6.5

Vascular plant species (tall shrubs) richness and Shannon diversity from boreal forests
of northwestern Alberta ..................................................................................................... 6-12

TABLE 6.6

Vascular plant species (annual, biennial and perennial forbs, low shrubs and exotics)
richness and Shannon diversity from boreal forests of northwestern Alberta ................... 6-23

TABLE 6.7

Vascular plant species (tall shrubs) richness and Shannon diversity from boreal forests
of northwestern Alberta ..................................................................................................... 6-23

TABLE 6.8

Vascular plant species (annual, biennial and perennial forbs, low shrubs and exotics)
richness and Shannon diversity from boreal forests of northwestern Alberta ................... 6-24

TABLE 6.9

Vascular plant species (tall shrubs) richness and Shannon diversity from boreal forests
of northwestern Alberta ..................................................................................................... 6-24

TABLE 6.10

Key findings of vascular plant assemblages following wildfire and anthropogenic
disturbance in Alberta boreal forests ................................................................................. 6-38

TABLE 6.11

Management implications and recommendations for vascular plants in Alberta’s boreal
forest .................................................................................................................................. 6-48

xxiv

TABLE 7.1

Common nonvascular plant species found in plant species groups discussed in text........ 7-2

TABLE 7.2

Key findings of nonvascular plant assemblages following wildfire and anthropogenic
disturbance in Alberta boreal forests ................................................................................. 7-24

TABLE 7.3

Management implications and recommendations for nonvascular plants in Alberta’s
boreal forest ....................................................................................................................... 7-28

TABLE 13.1

Percentages of different sized planning units dispersed over a range of timber
productive landbases.......................................................................................................... 13-4

TABLE 13.2

The percentage and area of residuals, and shape indices for different-sized planning
units ................................................................................................................................... 13-8

TABLE 13.3

The frequency distribution of residual classes in numbers of residual islands and total
area of residuals ................................................................................................................. 13-9

TABLE 13.4

Total area (ha) in each size class residuals for different-sized planning units and (the
approximate number of residual islands)........................................................................... 13-10

TABLE 13.5

Total area and size class distributions of residual patches within cutblocks ..................... 13-13

TABLE 13.6

Percent change of pre-burn polygon overstory classification as detected by reclassification of residuals................................................................................................... 13-14

TABLE 13.7

Percent change of pre-burn polygon overstory classification as detected by reclassification of residuals windthrow ................................................................................ 13-14

xxv

LIST OF FIGURES
PAGE
FIGURE 2.1

Percent timber productive landbase disturbed per year from 1966 to 1998 ...................... 2-3

FIGURE 2.2

Percent timber productive and potentially productive landbase disturbed per year from
1966 to 1998 ...................................................................................................................... 2-3

FIGURE 2.3

Mean annual rate of harvest and wildfire disturbance pooled by ten year intervals for
the timber productive landbase.......................................................................................... 2-4

FIGURE 2.4

Mean annual rate of harvest and wildfire disturbance pooled by ten year intervals from
the timber productive and potentially productive landbase ............................................... 2-4

FIGURE 4.1

Soils in Alberta’s boreal forest. Map from Canadian Soil Survey .................................... 4-1

FIGURE 4.2

Profile of a typical luvisol (specifically a gray luvisol) common in Alberta’s boreal
forest .................................................................................................................................. 4-2

FIGURE 4.3

Effects of harvesting (and skidder activity) on infiltration rates (mean +1 SE) ................ 4-5

FIGURE 4.4

White spruce site index (mean +1 SE) in relation to soil moisture regime for 16
moderately dry (MD), 27 dry (D), 25 fresh (F), 15 moist (M), 12 very moist (VM)
and 7 wet (W) stands in boreal British Columbia.............................................................. 4-12

FIGURE 4.5

Potential direct and indirect effects of fire on nutrient cycling in northern ecosystems.... 4-13

FIGURE 4.6

Quantities of organic matter in forest floors and surface mineral soils under white
spruce (w. spruce), black spruce (b. spruce), aspen and birch in interior Alaska.............. 4-15

FIGURE 4.7

Schematic representation of the effect of temperature on decomposition rates ................ 4-17

FIGURE 4.8

Locations of soil carbon (red circles) sample sites for aspen and white spruce ................ 4-18

FIGURE 4.9

Impact of harvesting on total soil carbon (C) 20 months after harvesting at two sites in
the Whitecourt forest (Fox Creek and Judy Creek) in west-central Alberta...................... 4-19

FIGURE 4.10

Ammonium and nitrate concentrations (mg/kg) in the surface organic horizon (LFH)
from 1993 to 1996 ............................................................................................................. 4-24

FIGURE 4.11

Accumulation of inorganic N during a 56 d aerobic laboratory incubation in soils from
footslope and shoulder positions of the native, burned and clear-cut sites........................ 4-26

FIGURE 5.1

Schematic diagram comparing the seral development of medium and large standing
dead trees between comparable wildfire- and harvest-origin (~low residual)................... 5-11

FIGURE 5.2

Schematic diagram comparing the hypothetical development curves for harvest (~high
residual) and natural old seral stages ................................................................................. 5-12

FIGURE 5.3

Schematic diagram comparing the seral stage changes in the quantity of downed woody
materials between wildfire- and harvest-origin (~ low residual) stands............................ 5-21

FIGURE 5.4

Schematic diagram comparing the hypothetical development curves for changes in
downed woody materials (DWM) between harvest (~high residual) and natural old
seral stages......................................................................................................................... 5-22

xxvi

FIGURE 5.5

Generalized curves indicating percent of microclimatic attributes occurring within
varying distances from cutover edges................................................................................ 5-28

FIGURE 6.1

Hypothetical model of the regeneration of different categories of plants in relation to
depth of burn (organic layer consumption): A, rhizomatous species; B, seed bank
species; C, species that depend on post-fire seed dispersal ............................................... 6-8

FIGURE 6.2

Hypothesized short-term, qualitative responses of three groups of understorey taxa as a
function of distance from the edge of a residual patch or adjacent forest matrix .............. 6-31

FIGURE 9.1

A simplified series of schematics describing changes in bird communities over time
following a. fire, b. harvest, (with the fire trajectory shadowed in behind for
comparison), and c. the effects of retaining live residual trees shown by arrows ............. 9-38

FIGURE 9.2

Correspondence analyses of bird communities 0-10 years post-fire and post-harvest ...... 9-39

FIGURE 9.3

Correspondence analyses of bird communities 11-80 years post-fire and 11-80 years
post-harvest........................................................................................................................ 9-40

FIGURE 9.4

Correspondence analyses of bird communities within 11-80 year old stands postharvest as compared to those bird communities within continuous forests (aspen
dominated, mixedwood, and white spruce dominated) >125 years old............................. 9-41

FIGURE 11.1

The perceived negative effect of the forest products industry in Alberta, as defined by
respondents. Harvest practices figure prominently in the perceptions of Albertans ......... 11-3

FIGURE 13.1

Mean numbers of wildfires per decade (S.D.) in Alberta from 1960 to 1999 in different
size classes......................................................................................................................... 13-3

FIGURE 13.2

A double graph of the % area burned (bars) and cumulative % area burned (line) based
on pooling of data by decade (1960 to 1999) .................................................................... 13-3

xxvii

LIST OF APPENDICES
PAGE
APPENDIX 4.1

Key impacts, management implications and knowledge gaps for soils following
wildfire and forest harvesting disturbances in Alberta boreal forest upland stands .......... 4-35

APPENDIX 9.1

Summary of boreal bird response to wildfire and harvest stands of different age, tree
composition and amount of residual, based on survey of studies conducted in boreal
forests in North America ................................................................................................... 9-55

APPENDIX 9.2

List of species in bird communities, categorized by habitat association and as used in
categories in Figure 9.1...................................................................................................... 9-100

APPENDIX 10.1

Key findings of mammalian response to forest harvesting and forest fire in Alberta
boreal forests...................................................................................................................... 10-69

APPENDIX 10.2

Key findings of mammalian response to forest edges in Alberta boreal forests................ 10-74

xxviii

INTRODUCTION

CHAPTER 1: INTRODUCTION TO THE ECOLOGICAL BASIS FOR STAND MANAGEMENT
Philip Lee and Samantha J. Song
REPORT OBJECTIVES
The objective of the Ecological Basis for Stand Management project was to review, synthesize, and
evaluate the ecological basis for harvest practices at the stand level in boreal mixedwood forests. Our
approach critically assessed two strategies for forest management: management for old growth seral
stages, and management to emulate natural disturbances, particularly wildfire. Using a chronosequence
approach and with some re-analysis of existing data, we reviewed the ecological effects of wildfires on
forests, then compared with clearcutting and retention of residual trees. We compared ecological elements
at each seral stage to old seral stage forests. We also documented existing information on biotic responses
to riparian areas and forest edges. Throughout these analyses, gaps in knowledge were identified. The
ecological review encompasses the following subjects: forest structure and forest succession, soils,
vascular and non-vascular plants, trees, woodpeckers and songbirds, and mammals. As a complement to
this review, we provided (1) a management rationale for the old-growth and natural disturbance
approaches to forest management; (2) an adaptive management approach to forest management; and (3)
an example of a natural disturbance template for forest management, based on an analysis of past fire
activity. We also provided an analysis of the social perceptions associated with altering stand-level
harvest practices towards a natural disturbance model.
BACKGROUND
A combination of public concern over the ecological impacts of clearcutting and the increased knowledge
of natural disturbance dynamics of forests has prompted a number of agencies in North America to rethink forest practices. Recently, government departments and corporations have released new policies and
guidelines to supplement or replace clearcuts with a broader range of leave residual materials including
merchantable fibre. Within Canada, for example, after a two-decade battle with environmentalists,
MacMillan Bloedel (now Weyerhaeuser), announced a significant change in 1999 with the phasing out of
clearcuts on Vancouver Island (MacMillan Bloedel Ltd. 1999). The Ontario Ministry of Natural
Resources is also creating new guidelines that attempt to move harvesting towards a natural disturbance
model with increased retention of dead and live trees within cutblocks. These changes are part of the
move towards ecosystem management (Grumbine 1994), and as an extension of this, to improve the
social and ecological basis of forestry (Brunson & Reiter 1996).
Leaving live trees within cutblocks is a deeply-rooted forestry practice. The rationale for tree retention
varies from provision of seed sources to weed control. Typical retention systems include:
• Seedtree
• Group selection
• Shelterwood
• Single-tree selection
These systems range in the amount of retention from relatively small amounts with seed tree to large
amounts with single-tree selection. Each is applied with specific silvicultural goals in mind.
The retention of merchantable trees can work towards addressing social perceptions of forest practices,
most obviously for aesthetic reasons. Visual quality objectives for harvesting are a common component of
operating guidelines in North America. However, as concern for the ecological integrity of forest also

ALBERTA RESEARCH COUNCIL

1-1

INTRODUCTION

fuels social perceptions, addressing ecological issues around harvesting is also another way to improve
the perception of forestry generally. Understanding how to manage for ecological and aesthetic goals has
been intensely researched in the U.S. particularly with the introduction of New Forestry (Ribe 1989, Bliss
2000), and in BC, where sloped viewscapes make harvesting highly visible (BC Ministry of Forests
1997). Relatively little work has occurred in boreal forests to determine how public perceptions could be
ameliorated by the adoption of harvest practices based on a natural disturbance model.
Residual patches, composed of live and dead trees and associated understorey, retained in cutblocks may
potentially function in a variety of roles for biodiversity (Franklin et al. 1997 provide a good overview
here). Residuals may produce structural conditions in the block that are more similar to those created by
forest fires, especially as the forest regenerates. Residual patches may also act as “lifeboats” to maintain
old forest-dependent species in the blocks that would otherwise be lost through conventional clearcutting
practices. Finally, residuals may facilitate landscape connectivity by acting as “stepping stones” that
decrease isolation across blocks and help to maintain connectivity among populations.
Management of cutblock residuals varies from prescriptive guidelines with narrow latitude for
interpretation to broader more interpretive systems based on more extensive objectives. As an example,
the British Columbia Forest Practices Code has complex guidelines for stand retention depending upon
the percent of area available for harvest in landscape units and the area already harvested without
retention. Retention ranges from 0% in areas with less than 10% of the landscape available for harvest
and only 10% of the previous harvesting done without retention, to 15% in areas with 90% of the
landscape available for harvest and 90% of the previous harvesting having no retention. The Forest
Stewardship Council is developing a broad series of criteria and standards for certification that also
support a natural disturbance approach and the retention of residual trees. Sample draft standards from
Forest Stewardship Council British Columbia (2001) include:
6.3.1 Silvicultural systems, including regeneration methods, are compatible with natural disturbance
regimes, ecosystem characteristics and local landscape patterns.
6.3.6 Forest harvesting and other stand treatments maintain or restore stand structures (e.g. live
wildlife trees, snags, coarse woody debris) in sufficient quantities and distribution to fulfill their
functions within the ecosystem.
In Alberta, the retention of structure is specifically mentioned in Alberta operating ground rules where
suggested retention is 8 wildlife trees per ha. Otherwise individual forest companies leave materials on
the block as negotiated through their Forest Management Agreements. In general, these values range from
1-3% of merchantable timber volume, but can be as high as 22% (Alberta-Pacific Forest Industries 1998).
Given the widespread use of structured cutblocks, we need to fully understand the impact of retention
systems on the ecology of stand development.
SCOPE
The report focuses on the following stand-level1 structures:
• Upland residual and cutover areas
• Forest edges
• Riparian areas
1

“A stand is a community of trees sufficiently uniform in species composition, age, arrangement, and
condition to be distinguishable as a group from the forest or other growth on the adjoining area, and thus
forming a silviculture or management entity.” Alberta Environment 2002.
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Though the general principles, patterns, and processes apply to other forested ecosystems, we centre our
review on Alberta’s aspen-white spruce (Populus tremuloides Michx.- Picea glauca L.) mixedwood
boreal forests. Closed mixedwood forests are found in six of the province's ecological sub-regions:
♦ Central mixedwood
♦ Dry mixedwood
♦ Wetland mixedwood
♦ Sub-arctic
♦ Peace River lowlands
♦ Boreal highlands
Fine-scale stand attributes include:
• Residual patches of trees
• Large trees
• Snags
• Downed woody materials
• Soils
Selected biota include:
Birds
• Open/parkland species
• Riparian species
• Shrubby species
• Habitat generalists
• Old aspen forest species
• Old mixedwood species
• Old conifer species
• Primary and secondary cavity nesting species
Mammals
• Small mammals
• Arboreal mammals
• Snowshoe hares
• Mustelids
• Caribou
• Mouse
• Other ungulates
• Canids
• Felids (Lynx)
Vascular Plants
• Fire obligate forbs
• Grasses
• Annual/biennual forbs
• Perennial forbs
• Low shrubs
• Tall shrubs
• Non-vascular cryptograms
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•
•
•
•
•
•

Terrestrial bryophytes (mosses and liverworts on the ground)
Terrestrial lichens
Epixylic bryophytes (mosses and liverworts on dead wood)
Epixylic lichens
Epiphytic bryophytes (mosses and liverworts on other plants)
Epiphytic lichens

BEYOND THE SCOPE OF THIS DOCUMENT
This document was not intended as an encyclopedia of biological taxa, biological structures, or ecosystem
functions within aspen-white spruce mixedwood stands of Alberta. Rather, the document provides an
integration of selected biological taxa, ecosystem functions and structures, economic, and social factors at
the stand-level. These should demonstrate many of the underlying principles that relate stand structure to
biota rather than presenting an encyclopedia of all possible permutations and combinations of structure
biota and residual patterns.
Though we have made an effort to achieve a good representation of different fields, we were ultimately
limited by the expertise present around the table, budget, timelines, and concerns of funding partners. A
number of worthy organisms such as amphibians, terrestrial invertebrates, aquatic organisms, and soil
microbes were not included. In part, some of these organisms are covered within other large stand-level
initiatives (e.g. Ecosystem Management Emulating Natural Disturbance 2001). Similarly, the project does
not deal with a number of ecological processes (e.g. carbon cycles), which are potentially affected by
stand structure. The exclusion of these taxa and functions does not lessen their importance nor does it
suggest that stand structure left after harvesting has no effect on these taxa or functions.
For reasons similar to the rationale for limits placed on taxa and ecological function, we chose not to
address the ecological implications of a vast range and combination of silvicultural techniques. This
report provides a general guide to the ecological outcomes/impacts of harvest and silvicultural practices
and a recognition of gaps in knowledge. These results may then warrant more focused studies to
elucidate the ecological and/or social outcomes of specific practices.
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CHAPTER 2: COARSE-FILTER MANAGEMENT PARADIGMS FOR
TIMBER HARVEST
Philip Lee and Steve Bradbury

INTRODUCTION
Leaving materials after timber harvest including merchantable trees is a
commonly used strategy for biodiversity management (reviewed in Steeger et
al. 1999). Riparian buffers, snags for cavity nesters, and wood piles for
furbearering mammals are examples of residual material left to maintain
ecological functions or biota. Application of residual materials at this level
focuses on specific goals usually targeted at species or specific communities.
It is, however, possible to take a broader view of residual materials. This lies
at the heart of the coarse-filter approaches to management.
This chapter introduces two different coarse-filter management paradigms
that utilize the retention of residual materials within harvest cutblocks. These
paradigms are based on different objectives and natural templates for
application. An old seral stage paradigm attempts to retain the components of
pre-harvest stands while a natural disturbance-succession paradigm attempts
to produce harvested stands that undergo similar successional trajectories to
naturally disturbed stands. The selection of a paradigm depends upon its
efficacy at meeting its biotic goals, social acceptability, and economic
feasibility. To first set the context in which these strategies operate, the next
section will explore the past, current, and future outlook for wildfires and
harvest disturbance. Then, we will describe the natural disturbance-succession
and old seral paradigms.
Extent of Disturbances1 on the Landscape
Harvest rates have risen 4 fold
over the last 32 years in
Alberta from about 0.08 % to
0.34% per annum of the tree
productive landbase.

According to Phase III data, the timber productive landbase for Alberta is
approximately 17.8 million hectares with an additional 3.0 million hectares of
2
potentially productive land. Annual data exists for the area disturbed by
harvest and wildfire for the period from 1966 to 1998 (Figures. 2.1 and 2.2;
Alberta Sustainable Resource Development 2000). Over this time, Alberta has
increased the percentage of the landbase annually harvested. It has steadily
risen from ~0.08% per annum in 1966 to ~0.34% per annum in 1998. If this is
recalculated to include the potentially productive landbase, the percentages
rise from 0.07% in 1966 to 0.29% in 1998. This represents more than a fourfold increase in the annual harvest rate over 32 years.
In comparison, wildfires vary a great deal from year to year. The percent of
productive landbase burned ranges from 0.0024% to 2.21% per annum or
1

This section focuses on wildfires and harvesting as contrasting disturbances.
Energy sector disturbances, which are at least the same or greater aerial extent as
harvest, are not included in this report.
2
"potentially productive" includes both harvested and burn areas where a
productive cover type stand call has not been identified.
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In comparison, wildfires vary
greatly from year to year but
are dominated by “big” fire
years. Pooled over the last 32
years, the rate was 0.357% per
annum of the tree productive
landbase.

Currently, harvest and
wildfires are additive
disturbances. In that they have
increased the total area
disturbed. In order for
disturbance rates to have
stayed constant the area
burned by wildfire would have
to be reduced by 95%.

0.0027% to 4.54% per annum when calculated over the productive and
productive/potentially productive landbases, respectively (Figures 2.1 and
2.2). Fire rates are not consistent from year to year. The annual area burned is
dominated by major wildfire peaks that last between one and four years. From
1966 to 1998, there were two major events (1980 to 1982 and 1998) and two
minor events (1968 and 1995). The area burned in these six peak years
exceeds all other 26 years combined.
If all years are pooled, the average annual area disturbed by wildfires was
0.357% and 0.521% of the productive and potentially productive landbases,
respectively. It is worth noting that addition of the potentially productive
landbase disproportionately increases burn rates. This landbase accounts for
only 13.4% of the total timber landbase but increases the burn rate by 44.5%
per annum. That is, the potentially productive landbase exhibited a burn rate 4
times greater than the productive landbase. The higher annual area burned
may partially explain why potentially productive areas are not able to support
older, merchantable forests.
The two rates of disturbance could be either compensatory (i.e. a decline in
wildfire rate with an increase in harvest rate) or additive (i.e. a combined
increase in both rates) over time. To investigate this, we pooled the total area
per decade and calculated the average annual percent area burned within a
decade3 (Figures 2.3 and 2.4). From 1961 to 1990, there were increasing
levels of harvest and wildfire. However, the last decade saw a drop in the
wildfire rate and a continued growth in the harvest rate. Because there was
only one replicate, it is unclear whether this trend will continue. If the trend
continues then it suggests that disturbance from harvesting in the future may
replace some disturbance by wildfire. At present, however, wildfire and
harvest are additive disturbances on the timber productive landbase. That is,
the total net disturbance over Alberta’s timber productive landscape has
tripled since 1966 (without accounting for any energy sector activities).
As an aside, it is possible to estimate the amount by which wildfires would
have to be decreased to fully compensate for the increased harvest activity.
Averaged over the last 39 years, the wildfire rate was 0.35%. The current
harvest rate is about 0.28% per annum. If the current wildfire and harvest
rates were to be similar to the long-term average for wildfires then wildfires
could only burn on average 0.07% of timber productive lands, i.e. the
difference between current harvest rates and the long-term wildfire rates. To
reach this margin, the wildfire rate would have to be decreased by 95%. This
may not be as difficult as it would initially appear. Twenty-four of the last
thirty-nine years (1961 to 1999) have had rates of 0.07 or less. The challenge
is to prevent peak wildfire years.
Unfortunately, the dataset available represents a very short period of Alberta’s
whole wildfire history. The area burned per annum was not directly measured
nor recorded with accuracy prior to 1960. Though fire records exist before
this time, data from individual wildfires were not separated into timber
3

The value of total area disturbed is likely to be high since the database does not
allow us to account for harvested areas that have burned in the same year.
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Figure 2.2
Percent timber productive and potentially productive landbase
disturbed per year from 1966 to 1998.
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Figure 2.3
Mean annual rate of harvest and wildfire disturbance pooled by ten
year intervals for the timber productive landbase.
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Figure 2.4
Mean annual rate of harvest and wildfire disturbance pooled by ten
year intervals from the timber productive and potentially productive landbase.
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Estimation of disturbance rates
from historic datasets are likely
conservative. Recent activities
such as energy sector are likely
to add significantly to the
amount overall disturbance.

productive and potentially productive land classes. There was no
standardized, province-wide survey method, and inconsistencies existed in
reporting. Nevertheless, in recent years, some researchers have suggested that
the annual area burned has been decreasing since European settlement (e.g.
Murphy 1985).
At this point in time, it is fair to conclude that wildfires are still a significant
disturbance factor over Alberta’s forested landscape. However, timber harvest
does leave a dominant footprint on the landscape. Over half the timber
productive landbase in Alberta is disturbed by forest harvesting. This trend is
likely to continue and be further compounded by additional disturbances from
the energy sector and other anthropogenic sources (e.g. urbanization,
agricultural conversion). The future is likely to be a landscape dominated by a
more evenly distributed, age class distribution centred around younger seral
stages and, conversely, a decline of older seral stages. Stand initiation is likely
to be both natural and anthropogenic, however, the former has a significant
removal of salvageable timber. Older seral stages will be dominated by
spatially static old seral reserves found in protected areas or areas too remote
for harvest. However, there are opportunities to supplement the amount of old
seral structure over Alberta’s harvest landscape through a judicious pattern of
retention of materials from harvest stands.
BIODIVERSITY MANAGEMENT APPROACHES

Biodiversity management
follows an adaptive
management (generally a
passive model).

All detailed forest management plans have as a broad goal, the maintenance
of biodiversity. These goals are reflected in key phrases such as provision of
“naturally functioning”, “representative biota”, “healthy populations”, and
“protection of biodiversity”. Although these provide an underlying philosophy
for the management of biodiversity, they lack an operational meaning. In
order to develop this linkage, most managers employ this general protocol:
•
•
•
•
•

Management of biota is
hampered by administrative,
financial constraints, and
complex natural interactions
and fluctuations in space
and time.

Prioritize a representative base of biotic species to manage
Develop or use existing management practices to protect and/or maintain
those species
Implement management actions
Monitor and analyse for the effectiveness of management actions
Revise management actions accordingly

However, this general template is difficult to apply for a number of reasons.
Administrative and financial considerations make it impossible to develop,
implement, and monitor all biota, hence, there needs to be clear criteria for
selecting species or communities. Development of targets and interpreting
monitoring results are difficult because of the often complex, natural
fluctuations of biotic populations in time and across space. Also, the
knowledge base for ranking the ecological importance of species is increasing
but is far from sufficient to understand all the implications of forest harvest on
biota in Alberta.
Given these difficulties, two different methodologies are available to develop
priorities and targets for the management of biodiversity. In general terms,
these methods are known as fine- and coarse-filter approaches (Hunter 1991).
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Resource management
utilizes a combination of
fine- and coarse-filter
approaches for the
management of biota. Finefilter approaches deal
directly with individual
species, coarse-filter
approaches require a natural
template.

Under a fine-filter approach, managers prioritize a number of key species or
communities and provide strategies for the direct protection of specified biota.
This approach has been criticized on a number of levels (e.g. Seymour &
Hunter 1999). From a practical and financial level, the major concern has
been over the limited number of species protected. In practice, fine-filter
approaches have been restricted to game and species-at-risk.
To supplement fine-filter approaches, managers have applied coarse-filter
methods to maintain a range of species. These methods usually focus on
providing broad habitat attributes. The underlying assumption has been that
these attributes will, in turn, protect a large number of species. The difficulty
with this method has been the selection of appropriate templates to set habitat
goals and the assessment of species protection. Though these approaches have
often been painted as alternatives, most biodiversity management plans utilize
a combination of both approaches.
BIODIVERSITY MANAGEMENT PARADIGMS AND STANDARDS

Mature or old seral stages are
potential templates for
maintaining post-harvest
habitats. The underlying
objective is that timber harvest
would minimize impacts on the
existing pre-harvest biota.

Both fine- or coarse-filter approaches require standards to measure
performance. For many fine-filter species, the standard for management
performance is whether a sustainable or growing population is achieved, or
whether enough individuals exist for a sustainable harvest. The former is
particularly applicable for endangered species while the latter is applicable for
game species. Compared to coarse-filter approaches, these measures are
relatively clear and easily tested.
The question of standards for species managed under a coarse-filter approach
is more difficult to answer. In reviewing the research and management
literature, harvested stands are compared either to 1) mature or old seral
stages, i.e. pre-harvest conditions, or 2) similar seral stage natural stands.
Both are valid as standards but the underlying management paradigms are
different.
The use of old seral stage as the standard compares the impact of timber
harvest at all seral stages to a natural, old seral stage. The underlying question
is what would have occurred had the stand not been harvested. The use of this
paradigm focuses on mitigating the losses surrounding the loss of mature and
old seral stages due to harvest. The management goal is to diminish the
impacts of timber harvest by making harvested stands as similar as possible to
the pre-harvest habitat.

An alternative template is to
use natural disturbancesuccession for the development
of post-harvest areas. In the
boreal forest, the underlying
objective is that harvest should
attempt to maintain a natural
successional trajectory.
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An alternative method is to accept the seral stage changes created by harvest.
Instead, management focuses on attempting to produce harvest stands that
have similar efforts than characteristics to those initiated by natural
disturbances and that develop along a natural successional trajectory.
A number of researchers and managers have suggested wildfire disturbance
and succession as a template for timber harvest in wildfire dominated systems
(Hunter 1993, British Columbia Ministry of Forests 1995, Fries et al. 1997,
Seymour & Hunter 1999). In many of the forested ecosystems in Alberta,
wildfires are the primary, natural stand-replacing disturbance. In patterning
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timber harvest after wildfire disturbance-succession cycles, we would expect
that Alberta’s forest biota be maintained because they are thought to be
adapted to these cycles. In general, a wildfire disturbance-succession model is
assumed to provide a template for the range of disturbances tolerable for
natural species and communities. Under this management paradigm, wildfires
provide an ecological template for setting biodiversity priorities and targets.
To date most research and management has focused on wildfire and seral
stage development from wildfire. Wildfires are a dominant disturbance
feature of boreal forests (Johnson 1992). In particular, the mosaic of seral
stages dispersed across the landscape are predominantly the result of wildfire.
Other disturbances such as flooding, wind storms, insect outbreaks, and
disease are present within the boreal forest. However, data for the type of
stand and landscape structures they leave behind and the seral development,
subsequent to these disturbances, are less clear. Hence, these factors have not
been integrated into forest management to the same degree as wildfire
templates. Research into these other disturbances should continue and their
results should be integrated into management.
Both templates allow
quantitative measures and
comparisons with natural
systems. Neither are going to
perfectly match their natural
counterparts. The deviation
from those templates provides
a measure of management
performance.

The utility for both old seral stage and disturbance-succession standards is
that they allow for direct, quantifiable comparisons between natural and
anthropogenic disturbances. Use of either paradigm is not an attempt to
substitute harvest stands for either old seral stages or wildfire-origin stands. In
both cases maintenance of naturally derived old seral stage is an important but
separate strategy. In the former case, harvesting cannot produce replicate or
retain all old seral stage structures and biota. In the latter case, early wildfire
seral stages are poorly replicated by harvest.
In regard to the use of natural disturbance-succession, it is unfortunate that
there has arisen a sometimes acrimonious argument about the use of harvest
as a direct surrogate, or substitute, for wildfire. The differences are too great
for harvest to substitute for wildfire, as it is impossible to “mimic” old seral
stage forests with timber harvesting. In using these as standards and
developing practices that either use old seral stage or wildfire disturbancesuccession as a template, we are attempting to find a more “natural” approach
to managing the large portion of the landbase that will be affected by timber
harvest.
OLD SERAL STAGE MANAGEMENT OBJECTIVES AND
PRACTICES
The core objective of the old seral stage paradigm is the maintenance of preharvest biota over the harvested landscape. This objective is the same over the
entire landscape, hence, each harvest stand should receive the same treatment
(unless different types of old seral stages exist). The primary research
questions for application of an old seral stage paradigm are:
•
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What are the characteristic species, ecological structures, and ecological
processes associated with natural, old seral stages?
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•
The old seral template focuses
on the use of relatively high
amounts of residual trees
within a cutblock as its
primary management tool. The
amount of residual is
determined by the responses of
old seral species to the
retention of pre-harvest trees.

•
•
•

What harvest practices and regimes are required to maintain these features
over the harvested landscape and throughout seral development of
harvested stands?
What old seral stage features cannot be maintained by socially and
economically acceptable forest management practices?
What are the alternative, non-harvest strategies that can maintain these
features?
What metrics should be monitored to test maintenance of old seral
features?

A critical knowledge gap is the relationship between the level of retention and
biotic response. In particular, researchers need to relate, and potentially find,
thresholds of biotic response to the level of retention. If thresholds can be
determined, then retention-levels can be set to maintain most pre-harvest
biota.
Potential problems include
more dispersed cutting pattern;
an increased road network to
achieve a high level of
retention among stands while
retaining a specific level of
harvest.

The primary management tool is the use of high residual partial cuts to
maintain the pre-harvest biota. This favours the use of shelterwood, singletree selection, and group selection types of harvest. Under moderate levels of
retention, the primary impact will be to disperse harvest over a wider area.
The collateral impacts of increased roads, access, and dispersing harvest over
the landbase must be weighed against the local benefits of retaining preharvest biota. At high levels of retention, economic and social impacts have to
be assessed.
DISTURBANCE-SUCCESSION MANAGEMENT OBJECTIVE AND
PRACTICES
The core objective of the disturbance-succession paradigm is the maintenance
of seral stage biota within harvest stands that are the same as the
corresponding natural seral stage. There are also implications for landscape
patterns, and these are discussed in a later chapter (see Chapter 13). The
primary research questions for application of a natural disturbance-succession
paradigm are:
•

The natural disturbancesuccession template focuses on
leaving varying amounts of
residuals over the landscape in
a pattern similar to wildfire.
Matches to wildfire are likely
to be very poor immediately
after harvest but improve as
the stand develops. The
underlying question is whether
these early differences in stand
structure overwhelm any
similarities achieved later in
succession.
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•
•
•
•

What are the characteristic species, ecological structures, and ecological
processes associated with each natural seral stage?
What harvest practices and regimes are required to maintain these features
over the harvested landscape?
What features are not maintained under a socially and economically
acceptable harvest regime?
What are the alternative, non-harvest strategies that can maintain these
features?
What metrics are to be monitored to the maintenance of each seral stage?

Managers tend to concentrate on comparisons of early conditions immediately
after wildfire or harvest. Due to the differences in disturbance processes, early
seral stages represent the greatest difference between wildfire and harvest
(Lee 1999). As an example, harvest stands do not have large areas with firekilled snags or burned organic soil layers. It remains unclear how long into
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seral stage development the biological “legacies” of both wildfire and harvest
persist and whether comparisons of harvest and wildfire show similar or lower
degrees of disparity. However, it is reasonable to assume that early
successional wildfire stands require management elsewhere on the nonharvested landscape. That is, the retention of non-salvaged wildfire-origin
stands or structure with stands.
For each of the disturbance structures created by wildfire there are different
degrees of similarity to what is found after harvest. Examples of harvest
structures that have direct wildfire analogues include the regeneration of trees,
stand age structure, and forest edges. Other partial harvest analogues include;
impacts of prescribed burning on shrub and grass control, increased cutblock
sizes, and live residual patterns. Structures that do not have a wildfire
analogue in harvest include high fire-killed snag densities, streamside
disturbance, consumption of the aboveground grass, forb, and shrub
vegetation, and consumption of the organic soil layers.
The inability to “mimic” wildfires with harvest means that managers must
pick and choose the application of the wildfire template in timber harvest. By
doing this they favour some early successional species while ignoring others.
The ability to maintain species partially depends upon the fidelity of species
to habitat structures. Species whose life-histories are closely tied to particular
wildfire structures are likely to require special management practices while
species tied to the general features of young stands such as regenerating trees
or open/shrubby habitats are not likely to require special management
practices. A fundamental question for the use of a natural disturbancesuccession template is whether the differences between wildfire and harvest
overwhelm the habitat similarities.
WHAT NEXT?
This chapter has laid out two different views for the coarse-filter management
of biodiversity under a timber harvest regime. In particular, it has focused on
describing the potential pathways for “coarse-filter” approaches. Selection of
either the old seral stage approach or the disturbance-succession approach or
some combination of both over the landscape will depend upon the degree of
similarity harvest to natural seral stages, and the response of biota to residual
stand structure. The remainder of this report will focus on reviewing the
available data for the structure of harvested and natural stands and the
response of biota to this structure. In particular, we examine the applicability
of old seral and natural disturbance-succession templates to post-harvest
structures and biota.
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CHAPTER 3: STAGES OF FOREST SUCCESSION
Philip Lee
Stand development can be characterized into a number of developmental or
seral stages. This report focuses on fire seral stages for aspen-white spruce
forests1;
• Initiation Stage: 0-10 Years Post-Disturbance
• Establishment Stage: 10-25 Years Post-Disturbance
• Aggradation Stage: 26-75 Years Post-Disturbance
• Mature Stage: 76-125 Years Post-Disturbance
• Old-Growth Stage >125 Years Post-Disturbance
This classification provides a heuristic guide for characterizing and discussing
similar successional processes. The accompanying times since disturbance
serve as a rough guide. Variation occurs in the onset of stand characteristics at
each stage, hence, transitions would be gradual rather than abrupt.
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE
Generally, this stage is characterized by a very low stature canopy, high
densities of regenerating aspen, establishment of early shrub and herbaceous
communities, and recovery of soil processes. It also features the greatest
differences in forest structure between stands derived from wildfire and those
derived from harvest. Structure remaining after wildfire includes the near
instantaneous conversion of trees to snags, loss of most of the vertical
structure, consumption of DWM on the forest floor, loss of most small trees,
and creation of live patches within a matrix of dead patches. The initial
“greening-up” of wildfire areas highlights the dominance of low vegetation,
i.e. grasses, fire-adapted herbs, regeneration of shrubs and trees.
In comparison, timber harvest removes most of the merchantable sized boles
within a stand. Older, split bole and/or large, deeply branched, canopy trees
often characterize residual trees. These trees often have heartwood and
sapwood decay rendering them unsuitable for processing. In harvesting of
aspen, Populus tremuloides Michx, non-target species such as black spruce
(Picea mariana L.), paper birch (Betula papyrifera Marsh.), incidental white
spruce (Picea glauca Moench.), and balsam poplar (Populus balsamifera L.)
are more commonly left behind. White spruce in particular may be left as seed
trees. White spruce harvest may leave aspen but these may be killed later as a
part of silvicultural prescriptions. Mixedwood harvest removes combinations
of aspen and white spruce with characteristically high amounts of
merchantable residual trees after the first entry. With all harvest, understory
protection leaves undersized (<10 cm dbh) white spruce for subsequent
recruitment. The re-establishment of post-harvest forbs and shrubs focuses
primarily on vegetatively reproducing shade intolerant species including
grasses. Downed deadwood materials left after harvest include stumps, limbs,
1
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foliage, tops, incidental knockdown, and badly decayed trees. The segregation
of cutover and residual creates a savannah or parkland habitat.
ESTABLISHMENT STAGE: 10-25 YEARS POST-DISTURBANCE
At the beginning of this stage, wildfire stands have two distinct strata. The
remaining snags provide a patchy vertical structure without canopy structure
because of the loss of leaves, fine, and medium branches. Despite the lack of
these finer features, snags still provide substantial amounts of shade. As the
stand ages through this stage, snags continue to fall and this unusual canopy
structure is lost. Deadwood resources in wildfire stands continue to shift from
standing materials to downed materials.
In harvest stands, the stand is characterized by a horizontal rather than vertical
structure. The matrix of parkland-like vegetation develops into a dense,
canopy of shrubs and regenerating trees. Single and patches of residual trees
provide spatially-dispersed islands of taller and more complex vertical
structure.
In both stand-origin types, the regenerating cohort of trees completes its initial
restocking. Areas in the stand that have not regenerated are unlikely to do so
until later in stand development. As shrubs and trees continue to grow and
begin to overtop over the lower vegetation, the structure shifts to a dense
canopy extending from the forest floor to several metres high. By the end of
the seral stage, stands lose their parkland-like appearance.
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE
This seral stage features the dominance of regenerating trees as the primary
feature of stand structure. These stands are characterized by relatively uniform
tree sizes and canopy heights. Tree densities decrease but the size-density
profile still retains a relatively strong reverse J distribution. That is,
dominance of many smaller trees with relatively few large trees. By this time,
the canopy lifts from the forest floor creating a vertical separation with the
low shrub and herbaceous layer. These conditions are also suitable for the
emergence of white spruce from the forest floor into taller height classes.
In wildfire stands, the legacy of deadwood materials continues to shift from
standing to downed materials. By the end of this stage, much of the standing
pre-fire legacy has been lost. In harvest stands, deadwood resources inputted
at harvest have decayed. The death of trees left at harvest provide only small
amounts of new input. Typically, harvest stands in this stage exhibit lower
amounts of deadwood resources when compared to wildfire stands.
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE
This stage has been traditionally considered the ideal harvest stage. After this
seral stage, incremental growth of trees decline. The degree of self-thinning
decreases and the size-density profile exhibits only a weak reverse J
distribution. Canopy trees remain relatively uniform in size and spatial
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distribution through the stand. A white spruce subcanopy begins to emerge2
into the canopy layers in stands with seed sources and seedbeds.
Typically, this stage features the lowest light levels on the forest floor of any
seral stage with the possible exception of white spruce dominated old seral
stages. As a result, understory communities are relatively dispersed and low in
stature. The loss of canopy trees through senescence is likely to result in an
overall accumulation of standing and downed deadwood resources. However,
these accumulations may be short-lived in stands scheduled for harvesting.
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE
The final stage is characterized by the development of old growth
characteristics. These stands exhibit a peak in the size (diameter and height)
and density of large trees (>40 cm dbh). In mixedwoods, conversion to white
spruce dominated canopies occurs during this phase. The loss of some canopy
trees, i.e. large gap dynamics, produces a cascade of structural changes in the
forests. The creation of the gap itself produces an input of either standing or
downed woody materials. This material accumulates to relatively higher
amounts in old growth forests.
Light from gaps spurs growth from subcanopy trees and shrubs enhancing the
vertical stratification and stronger development of uneven-sized cohorts of
trees. In response, the diversity of the vascular plant community increases to
fill both the light and shadier components of the forest environment. Slower
growing non-vascular plants also accumulate on arboreal and downed
structures during this stage.
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Hornbeck, J.W. and J.N. Kochendorfer. 2000. Linkages between forests and
streams: A perspective in time. Pages 89-98 in E.S. Verry, J.W. Hornbeck
and C.A. Doloff, editors, Riparian Management in Forests of the
Continental Eastern United States. Lewis Publishers, New York, NY.

2

See Chapter 8 for discussion on the variances in the timing for the emergence of
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CHAPTER 4: COMPARATIVE ANALYSIS OF THE EFFECTS OF
WILDFIRE AND HARVESTING ON PHYSICAL AND CHEMICAL
PROPERTIES OF UPLAND FOREST SOILS
Cherie Westbrook and Kevin Devito
INTRODUCTION
Fire and harvest affects the
most biologically important
soil zone.

A large part of the boreal mixedwood soils of Alberta are organic. The
uplands and foothills are largely luvisols (representing about 45 % of Alberta
by area), with brunisols present in the subalpine area (Figure 4.1; Canadian
Soil Survey Committee 1987). A typical vertical profile of a luvisol with
associated soil horizons (or layers) is presented in Figure 4.2. These soils
were formed after the last glaciation and overlie up to hundreds of metres of
glacial till. The upper 20-25 cm of the soil profile is comprised of a layer of
organic plant and animal matter at various stages of decay (forest floor) and
an organic-rich mineral layer (A horizon). This zone contains the majority of
the soils’ nutrient reserves and the highest concentration of fine roots (Strong
& La Roi 1985). For these reasons, it is also the zone of greatest biological
activity. Typically, harvesting and fire effects occur within the upper 25 cm of
the soil profile, hence disturbance can potentially impact soil health and
functioning, and forest regeneration potential.

Luvisols

Figure 4.1
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Soils in Alberta’s boreal forest. Map from Canadian Soil Survey.
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Figure 4.2
Profile of a typical luvisol (specifically a gray luvisol) common in
Alberta’s boreal forest. The letters represent the different soil horizons, as described
by the Canadian Soil Survey Committee (1987).

The landscape position of an upland stand generally determines its physical
and hydrological characteristics (i.e. drainage and soil texture). Very
generally, moving across Alberta from the western foothills to the eastern
plains, upland soils increase in clay content particularly in the lowlands
(lacustrine plains), making them finer textured and more susceptible to
mechanical disturbances (Figure 4.1). A similar trend is apparent on the local
scale where soils of moraines have higher sand content than soils of lowland
plains. For example, the Swan Hills are considered to have the highest silt
content and coarse, sandy soils predominate in the northeast corner (Canadian
Shield portion) of the province.
The physical and chemical characteristics of soils in any given forest stand
depends on the stands’ physiographic and hydrogeologic setting. Physical and
chemical properties of a soil determine its level of tolerance or resistance to
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disturbances. Thus, to understand the impact of fire and harvesting on upland
soils requires a clear understanding of the spatial variation of soils in the
boreal forest of Alberta. It is necessary to understand the fine and coarse scale
effects of wildfire on soil structure, health and functioning to determine
whether current forest management practices in the boreal mixedwood forest
of Alberta are synonymous with natural disturbance.
The purpose of this chapter is to review the literature on the impacts of
wildfire compared with harvesting on physical and chemical properties of
upland forest soils in Alberta’s boreal forest over stand development. Hence,
attention is focused mainly on impacts of natural and anthropogenic
disturbance at the stand level and implications for landscape-scale
management are beyond the scope of this chapter. While this review focuses
on Alberta’s boreal forest, findings from other boreal stands are used to
generate hypotheses of disturbance impacts on soil processes in Alberta where
local data are scarce. The initial section of the chapter discusses the impacts
of disturbance on soil physical properties. This is followed by a review of
disturbance impacts on soil microclimate and then soil chemical constituents
important to soil fertility. The chapter concludes with a summary tool that
identifies the main impacts of disturbance, management implications and
knowledge gaps.
SOIL PHYSICAL PROPERTIES

Degradation of physical
properties decreases soil
productivity.

The productivity of forest soils declines under degradation of physical soil
properties such as compaction, reduced porosity and soil hydrophobicity
(restricted to fire). Forest harvesting has a greater potential to affect a wider
range of physical soil properties than wildfire due to the ground pressure
exerted by mechanical equipment during harvesting. Comparisons between
the impacts of forest harvesting and wildfire on physical soil properties may
suggest methods of minimizing harvesting impacts.
Mechanical Compaction
The mechanical processes incurred during forest harvesting can cause soil
compaction, horizon displacement, and horizon mixing (Ballard 2000, Grigal
2000). The area affected in a given harvested stand varies depending on the
soil conditions, distribution of the harvested trees, type of equipment used,
and cutting practices. Consequently, large spatial variation in the response of
soil physical properties to disturbance at the stand level and among stands in
different landscape settings is expected.

Most compaction occurs
during the first pass.
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Forest harvesting equipment, particularly skidders and feller-bunchers, can
cause significant compaction of forest soils. Soils in the boreal mixedwood
region of Alberta are typically finely textured (i.e. rich in silt and clay),
making them weak and more susceptible to heavy machinery disturbance.
Most of the compaction results from the first one or few passes and then the
amount of soil compaction exponentially declines with each subsequent pass
as the soil strength increases (Froehlich et al. 1980, Williamson & Neilsen
2000). Soil compaction due to machine traffic is not uniform throughout a
harvested stand and the percent area compacted will vary depending on the
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size of the harvested block and the percentage of area in the block trafficked
by machines.

Compaction results in
increased bulk density,
decreased porosity and
macroporosity, increased soil
strength and reduced water
infiltration rates.

Most work on mechanical soil compaction in Alberta has been done by the
group of researchers at the Alberta Research Council, and the findings are
consistent with the literature available suggesting that compaction of soils
leads to increased bulk density, decreased porosity and macroporosity,
increased soil strength and reduced water infiltration rates. Small changes in
soil bulk density can have much larger impacts on air-filled porosity. For
example, Startsev et al. (1995) measured a bulk density increase of <13%
while air-filled porosity decreased by 21-32%, depending on the soil depth.
Corns (1988), Startsev et al. (1998), Stone & Elioff (1998) and McNabb et al.
(2001) provide convincing evidence for similar increases in bulk density.
Corns (1988) suggests that compaction of the mineral soil can be partially
offset by the cushioning effects of a thicker forest floor. Evidence for this
cushioning effect is presented in Wulfsohn (1997). To reduce compaction, it
seems that the forest floor may need to be thicker than 10 cm. Data from
Carmosini (2000) indicates that cutblocks with a forest floor layer 10 cm or
thinner have significantly higher soil bulk densities while soils in a cutblock
with a 25 cm forest floor were not significantly compacted compared to the
range in bulk densities presented for reference, uncut blocks. However, more
work is needed to clearly determine the depth of forest floor required to
moderate mechanical impacts on compaction. Mechanical site preparation
may help offset increased soil bulk density in trafficked forest floor soils,
however, scarification may increase mineral soil bulk density (Burgess et al.
1995).
Redox Status

Soil biota are reduced in
compacted soils.

Reduced soil porosity attenuates the rate of exchange of gases between the
soil and the atmosphere. Depletion of available oxygen in the soil, through
microbial metabolic processes may lower the reduction-oxidation (redox)
potential of the soil, resulting in anaerobic microbial activity. This may
particularly affect the centre of soil aggregates where oxygen concentrations
are typically low under natural conditions. Ten percent air-filled porosity at
field capacity is the critical level that stops gas diffusion in soil (Xu et al.
1992). Microbes and roots deplete remaining oxygen rapidly and soil becomes
anoxic. This affects all redox reactions in soil and shifts biota to an anaerobic
mode. A redox of 200 mV is critical in indicating an anoxic environment.
Reduction in the number and volume of macropores may also change the
species distribution of soil microorganisms (Ballard 2000). A review of the
literature by Marshall (2000) summarized that soil biota are generally reduced
in compacted soils. Boreal soils can be switched to an anaerobic state easily
because of partial anaerobiosis is common. Lower redox status and altered
microbial population size and structure have important ramifications for soil
nutrient cycling, as will be discussed later.
Effects on Trees
Root growth can be reduced or inhibited in excessively dense soils for reasons
such as poor aeration, difficulty in root penetration, reduced mobility of
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nutrients and water, and accumulation of root exudates and gases that may
reach critical toxic levels (Brady & Weil 1999). Compaction of soils has been
associated with declines in site productivity in both aspen (e.g. Stone & Elioff
1998) and white spruce (e.g. Burgess et al. 1995) stands. However, aspen
suckers may be affected more by compaction than spruce seedlings if aspen
root viability is compromised (Startsev et al. 1995).
Hydraulic Conductivity
Decreased macroporosity
reduces hydraulic conductivity.

A reduced number and size of macropores in surface soils effectively reduces
soil hydraulic conductivity. Hence, water infiltration rates are generally
reduced following soil compaction. Startsev & McNabb (2000) and Startsev
et al. (1995) present some convincing evidence for this in pine-aspen stands
near Cutbank River, 90 km south of Grande Prairie (Figure 4.3). Fire can also
reduce infiltration rates though hydrophobicity rather than compaction. Water
repellency is a product of hydrophobic organic compounds coating soil
aggregates or minerals at fire temperatures >288oC (Neary et al. 1999).
Although no data is available for recently burned stands in Alberta’s boreal
forest, fire has been shown to temporarily reduce water infiltration rates under
high-severity burns in Northern Rocky Mountain forests in the USA due to
the formation of water-repellant layer (Robichaud 2000). While the soil
surface layer may be wettable after a wildfire, soils beneath become
hydrophobic (Letey 2001). Low severity burns may also result in the
development of a water repellent layer if soils are dry (Robichaud &
Hungerford 2000), conditions typical in Alberta. Further, Alberta soils may be
particularly sensitive to hydrophobicity, especially in the northeastern region
of the Province, where naturally present oil in soils may cause hydrophobicity
if soils excessively dry out after forest harvest or wildfire disturbance.
Startsev and McNabb (2000) present evidence of recovery of surface
infiltration in soils compacted by low intensity traffic in three years following
compaction.

Figure 4.3
Effects of harvesting (and skidder activity) on infiltration rates
(mean +1 SE), from Startsev et al. (1995). Different letters indicate significant
differences in infiltration rates at 95% confidence.

ALBERTA RESEARCH COUNCIL

4-5

SOILS

Impact of Moisture
Soil moisture affects
susceptibility to compaction.

Work in other areas of North America (Grigal 2000) has clearly shown that
the susceptibility of soil compaction in a stand depends, in part, on the
antecedent moisture conditions. In comparison, McNabb et al. (2001)
determined water potential as the main factor in soil compaction. They found
a relationship between was potential and the significance of bulk density
increase (Figure 4.3). Soils with lower water potentials have higher soil
strength and thus compact less. For example, Corns and Maynard (1998)
found little impact of skidder activity on the forest floor and upper mineral
soil layers under dry conditions (15–20% moisture). In contrast, when similar
soils are wet, mechanical disturbance has been shown to cause significant
compaction (Brais 1997). Fine-textured soils, especially when more moist
than field capacity, are more susceptible to compaction and rutting. Field
capacity is common in cutblocks, particularly in May through June. While
fine-textured soils are common to boreal Alberta, these higher soil moistures
may only be present in wet years or in low-lying areas. Management plans
that avoid or minimize trafficking on sensitive areas or during sensitive times
will provide the best protection against soil compaction.
Time of Year

Harvesting on frozen ground
minimizes degradation and
optimizes vegetation
regeneration.

The time of year when harvesting occurs can also be important to soil
compaction and thus regeneration of aspen from the rooting mass. Edwards
(1999) found a 16% increase in bulk density, 45% decrease in aeration
porosity and 62% decrease in number aspen suckers in machine corridors of
boreal aspen stands in Alberta following summer cut while changes in winter
harvested blocks (frozen ground) were negligible (Edwards 1999). When soils
were not frozen and winter harvesting occurred, deep snow cover was found
to provide little protection against soil compaction and rutting. Winter
harvesting on unfrozen soil caused a 10% increase in soil bulk density on
aspen dominated, clay soils (Stone & Elioff 2000). Hence, harvesting on
frozen ground, particularly for the sensitive areas discussed previously is
advised to minimize soil degradation and optimize vegetation regeneration,
particularly of aspen.
Recovery from Compaction
Following mechanized soil harvesting, soil may remain compacted for up to
several decades, which is commonly considered as a factor reducing tree
growth (Froehlich et al. 1985). Freezing, thawing, swelling, shrinking, root
activity and soil organic matter were identified as natural factors that can
ameliorate soil compaction (Larsen & Allmaras 1971). Corns (1988)
established that complete natural recovery of compacted soils in Alberta
forests would require one to two decades. Alberta Research Council’s Soil
Compaction Study indicated that soils remain compacted for at least seven
years. Other bulk density data (McNabb 1994) and infiltration measurements
suggested a more rapid recovery in surface layers (Startsev & McNabb 2000).
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SOIL MICROCLIMATE
Temperature
Timber harvesting and wildfire disturbances in temperate ecosystems have
been associated with higher soil temperatures in surface organic layers and
upper mineral layers largely due to increased insolation on exposed soil
immediately following the disturbance (Neary et al. 1999, Grigal 2000).
Temperature differences between undisturbed and harvested or burned sites
may be more moderate in boreal ecosystems of Alberta compared to
temperate ecosystems due to the relatively short growing season and lower air
temperatures. Elevated soil temperatures have important ramifications for soil
nutrient transformation rates and hence nutrient losses from stands, as will be
discussed.
Harvest

Increased soil temperature is
mitigated by residuals and
regenerating vegetation.

Preliminary soil temperature data from conifer-dominated cutblocks in the
Ecosystem Management Emulating Natural Disturbance (EMEND) study
indicate that the amplitude of daily soil temperature fluctuations during the
summer following a winter harvest was consistently greater at sites with less
than 50% residual (Hillman et al. 2000). Maximum daily temperatures were
about 9-10oC higher for forest floor soils and 2-3oC warmer in mineral soils in
sites with less than 50% residual (Hillman et al. 2000). However, mean daily
temperatures were <2oC warmer in the 0% residual compared to the 100%
residual plots, regardless of soil depth. There is no clear reason for this lack of
difference yet. Results are not yet available for aspen-dominated sites in the
EMEND study. Comparatively, soil temperature measurements during the
first and second summers after harvesting show differences in temperatures
between uncut and cut conifer and aspen plots on both sandy and clay rich
luvisols of 2-5oC and of <2oC in aspen plots (Carmosini 2000, Devito unpubl.
data.). Minimal temperature differences between uncut and cut aspen plots
were attributed to rapid regeneration of aspen from live rooting masses
leading to protection of soils from direct insolation by the shading provided
by a young aspen canopy. These studies suggest that the degree of impact of
harvesting on soil temperature depends on the area of soil exposed to direct
insolation, driven by both the percent residual and establishment time to reestablish vegetation.
The available literature suggests that the timing of harvesting is important to
soil temperatures in aspen stands during the first growing season after
harvesting. Provided that root systems are not damaged through harvesting
operations, poorer aspen regeneration has been found after summer harvesting
compared to winter harvesting. For example, aspen sites that are harvested
during the winter have shown good suckering the summer following a winter
cut while aspen sites harvested during the growing season did not regenerate
until 2 years after harvesting at the Hotchkiss River Project site (I. Edwards
pers. comm.). The lack of re-development of a canopy layer following a
summer harvest leaves the soil exposed to insolation, resulting in higher soil
temperatures. Prolonged periods (of 1 or 2 years) of higher soil temperatures
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may have ramifications for soil carbon (organic) content and nutrient cycling
rates, which will be discussed later in this chapter.
Wildfire
Soil temperatures are often substantially increased during wildfire
disturbance. Ulery and Graham (1993) classify fire intensity into three major
classes. A low intensity fire is characterized by temperatures of 100-250oC
and blackened soils (from charring of organic material). A medium intensity
fire has temperatures ranging from 300-400oC and high organic matter
consumption thereby exposing mineral soil. A high intensity fire has
temperatures in excess of 500oC and leaves a white ash over a reddened
mineral soil.
Both the quantity and duration of heat transfer from burning biomass to
underlying soil layers determine the immediate impact of wildfire on soil
functioning (Neary et al. 1999). Heat transfer to underlying soil layers is
regulated by not only the fire intensity and duration, but also by the soil
moisture regime due to the high heat capacity of water (Wells et al. 1979,
Letey 2001). Soil heating effects on soil flora and fauna for southern
temperate forests and grasslands are presented in Table 4.1. As mean
temperatures for boreal ecosystems in Alberta are lower than in more southern
ecosystems, impaired soil biological functioning in boreal forests may
potentially occur at lower temperatures than those presented in Table 4.1. Due
to lower natural temperature ranges, the resilience of soil biota to changing
environmental conditions is important to remember. Renbuss et al. (1973)
found bacteria levels return to normal within one week and fungal population
reappeared within three weeks in soil sterilized by heat. Characterization of
the biological result of fire-induced higher soil temperature is needed for
boreal ecosystems in Alberta.
Table 4.1
1999).

Wildfire heating effects on soil biological functioning (Neary et al.

Soil Temperature (oC)
40-70
48-54
70-90
50-121

Biological Result
Protein degradation; Plant tissue death
Root desiccation or mortality
Seed mortality
Microbe (bacteria and fungi) mortality

Addition of charcoal or ash to the soil may also be a factor in the increase in
soil temperatures in burned-over areas for several years after wildfire due to
capacity (albedo) of the charcoal to hold heat (Raison 1979). For example,
Scotter (1963) found higher soil temperatures, attributed to the presence of
surface charcoal, in surface soils in 5 and 13 year-old burned-over black
spruce stands compared to unburned stands. It is unclear how long this effect
persists, or if there are differences among forest types.
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Effects of a burn on soil temperatures may not occur immediately where
wildfires are classified as low severity burns or when fires leave larger
patches of residuals. For instance, Weber (1990) found that girdling of aspen
by fire (eastern Ontario) resulted in only partial development of the forest
canopy the second growing season following fire. Maximum soil temperature
that year in the burned stand was significantly higher than in the reference
stand (28 vs. 21oC), but no differences were seen in the first year after the
burn. High soil temperatures after wildfire are not expected to persist for
several growing seasons after disturbance in areas where rapidly re-growing
deciduous forests provide canopy shading for the soil surface.
Comparison of Harvest and Wildfire

Rapid establishment of ground
cover following fire lowers soil
temperature.

Residual amounts and fire
severity influence soil
temperatures.

Similar to forest harvesting, wildfire generally increases soil temperature in
the short-term. Following a fire, reductions in the thickness of the forest floor
may decrease its’ insulating effect causing the underlying mineral soil to
experience greater daily temperature fluctuations (Wells et al. 1979, Stednick
et al. 1982). A similar pattern may also be seen on an annual scale, where
mean summer temperatures are higher and mean winter temperatures are
lower (the extremes are emphasized) than undisturbed sites. This effect is
similar to that observed on harvested sites. Rapid reestablishment of new
ground cover on a burned site can result in little effect of the burn on longterm soil temperatures (Ripley & Archibold 1999). Further, wildfire can affect
winter conditions in the soil. For example, burned-over areas generally have
deeper frost tables than unburned sites in the winter (Scotter 1963), similar to
conditions found in harvested sites. Deeper frost tables may have
ramifications for subsurface hydrologic flowpaths and nutrient
transformations during winter and spring months.
Generally, wildfire and forest harvesting seem to have similar impacts on soil
temperatures immediately following disturbance as long as the nutrient status
of the soil and moisture regime promote rapid regeneration. In fact, fire may
have a larger impact on soil temperatures than harvesting due to its associated
soil heating. However, when comparing the clear-cut harvesting scenario (i.e.
0% residual) to low severity fires, there is the potential that harvesting has a
longer and bigger impact on soil temperature. The duration of higher soil
temperatures is a function of vegetation regeneration and shading of the
exposed soil surface. In situations where forest regeneration after disturbance
is either poor or slow, higher temperatures could lead to increased soil
nutrient pools, creating a higher potential for increased nutrient output in
interflow (if any) and groundwater. Alternatively, nutrient retention via
microbial immobilization in areas of nutrient limitation may be promoted.
Impact of Higher Temperature on Aspen

Temperature, rather than
hormones, may trigger aspen
suckering.

ALBERTA RESEARCH COUNCIL

Small increases in soil temperature may have important implications for
promoting aspen suckering. Preliminary evidence from the aspen-dominated
harvested stands at the EMEND study site show 0% residual stands with
aspen regeneration of 40 000 stems/ha whereas the lower soil temperature
sites with 10% residual had regeneration of only 18 000 stems/ha (I. Edwards
pers. comm.). It is currently believed that temperature, rather than hormones,
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is the trigger for more stems per area. More work is necessary in a variety of
hydrogeologic settings and disturbance scenarios in Alberta to determine if
soil temperature is one of the main factors promoting aspen regeneration and
whether soil temperature increases after wildfire have similar effects.
Furthermore, soil temperature is important to tree growth and utilization of
nutrients, and Alberta’s cold soils limit tree growth. For example, roots are
unable to utilize nutrients until 5 degrees C and are most efficient when 20 to
25 degrees C is reached (Lavender 1990, Strathers et al. 1990).
Moisture
Disturbed stands (logged or burned) are expected to have higher soil moisture
than undisturbed stands due to reduced evapotranspiration rates, canopy
interception, perched water tables and soil hydraulic conductivity (Startsev &
McNabb 2000). Removal of the forest foliage through forest harvesting or
wildfire disturbance decreases transpiration rates resulting in higher soil
moisture content. The magnitude and duration of the reduced
evapotranspiration rates determines the impact on the moisture regime and
associated nutrient transformation rates. Typically, higher soil moistures are
confined to soils below the surface soils that are in contact with the
atmosphere (Wells et al. 1979). The top few cm of soil at disturbed sites may
likely have lower soil moisture than at undisturbed sites due to increased
insolation on the bare soil surface. For example, Weber (1990) found that
moisture in the top few cm of the forest floor in harvested and burned sites
was 20 and 30% (absolute moisture) less, respectively, compared to reference
sites during the first three years after disturbance. A dry surface can result in
water repellency (Wells et al. 1979), thereby altering water infiltration rates as
previously discussed.

Transpiration of soil water is
reduced for 2-3 years postdisturbance.

Fires may dry soils to deeper
depths.

ALBERTA RESEARCH COUNCIL

Plant transpiration of soil water is usually reduced for two to three years
following disturbance, even on sites that quickly regenerate (Weber 1990)
resulting in measurably higher soil moisture for up to 5 years post-harvest
depending on the dominant tree species (Meng et al. 1995, Westbrook 2000).
Due to the unique regeneration of aspen from a living rooting mass,
transpiration rates and thus soil moisture may be more similar to undisturbed
sites than expected. Young aspen have transpiration rates of ~75% that of
mature aspen stands (Johnston 1970). However, net precipitation
(precipitation minus evapotranspiration) can be either negative or positive in
Alberta’s boreal forest due to annual wetting and drying cycles. In a year of
relatively high net precipitation (i.e. a wet year), a 25% difference in aspen
transpiration rates can be masked by high soil moisture content in both newly
disturbed and mature forests. A recent example of this was presented by
Carmosini (2000), who found no significant difference in soil moisture
between uncut and cut stands in north-central Alberta. There is a current
project in north-central Alberta investigating the spatial distribution of soil
moisture following harvesting (Devito unpubl.).
The major difference between fire and harvest affected soils is that during a
fire, soils can also dry to deeper depths, 10-15 cm, resulting from the
generation of high temperatures within the soil matrix. Soil drying through
wildfire has been shown in the laboratory to significantly reduce (partially
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sterilize) the number microbes in the soil (Raison 1979). However, in field
situations, microbial communities are resilient to changing environmental
conditions even over short time scales. To date, no cases of partial soil
sterilization following wildfire have been reported in Alberta’s boreal forest,
but few microbial studies have been initiated.
Soil moisture is dynamic on both a seasonal and annual time-scale, depending
on the regional climate. This makes accurately quantifying the effect of forest
harvesting and wildfire disturbances on soil moisture tenuous, due to the need
for relatively intensive monitoring of moisture for many years before and after
the disturbance. A large project investigating the impacts of compaction on
soil moisture in west-central Alberta, run by the Alberta Research Council,
has been monitoring water potential for seven years following harvesting
(McNabb et al. 2001). A second, new research initiative, using GIS
techniques, is currently underway in north-central Alberta to examine natural
patterns of soil moisture and the effect of forest harvesting on these patterns.
This project is lead by Drs. Kevin Devito (University of Alberta) and Irena
Creed (University of Western Ontario). These two research projects should
shed considerable light on soil moisture responses to harvesting for much of
Alberta’s boreal forest. Now, comparable work in burned stands of different
seres is needed.
The productiveness of mature forests depends, in large part, on the soil
moisture regime. Wang (2000) characterized 102 white spruce dominated
stands regenerating from fire in the sub-boreal spruce biogeoclimatic zone of
British Columbia and found tree growth was related to soil moisture regime
(Figure 4.4). He found that too much or too little water significantly reduced
the growth of white spruce. Similar problems can be expected for aspen
stands. Stone and Elioff (2000) found inadequate aspen sucker density after a
winter harvest well into the growing season on fine-textured soils due to soils
being wet and oxygen-deficient. Hence, the amount of snowfall, aeration
regime and antecedent moisture conditions in early spring can have profound
ramifications for regeneration of vegetation during the first growing season
after a winter or early spring harvest.

Low soil moisture may be a
more important factor in
limiting tree growth than
temperature.

ALBERTA RESEARCH COUNCIL

Temperature has been identified as one of the primary factors limiting tree
growth in the boreal forest. Perhaps exceeding the importance of temperature
in limiting tree growth in the Canadian boreal forest is the importance of soil
moisture, or rather lack thereof much of the time. Undisturbed, clay-rich,
boreal forest soils of Alberta are relatively quite dry with frequent moisture
measures of between 1 and 25% (absolute moisture) or water potentials higher
than -0.1 MPa (point of drought stress in clay-rich soils) (Startsev et al. 1998,
Burgess & Wetzel 2000, Hillman et al. 2000). Therefore, higher soil moisture
post-disturbance may relieve water stress for regenerating vegetation in years
of drought. To help alleviate moisture concerns, silviculturalists starting
applying scarification techniques that improved moisture availability by
providing a mineral seedbed (D. Patterson pers. comm.). Work done in
northeastern Ontario in white pine stands shows that partially harvested sites
had fewer days with drought stress (i.e. soil water potentials less than - 0.1
MPa) than undisturbed sites (Burgess & Wetzel 2000). Site
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Soil moisture regime for white spruce
Figure 4.4
White spruce site index (mean +1 SE) in relation to soil moisture
regime for 16 moderately dry (MD), 27 dry (D), 25 fresh (F), 15 moist (M), 12 very
moist (VM) and 7 wet (W) stands in boreal British Columbia (Wang 2000).

preparation of partially harvested sites through scarification, however, lower
soil water potentials below that of the undisturbed sites (Burgess & Wetzel
2000). Alternatively, in newly disturbed sites with high soil moisture, grass
and sedge species may invade and dry out sites before tree seedlings can
become established.

Antecedent moisture
conditions could be used to
predict forest regeneration.
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Overall, the available literature suggests that the type, magnitude and duration
of forest harvesting effects on soil moisture mimic fire effects, with the
exception of hydraulic conductivity. Hydraulic conductivity is affected more
by harvesting than by fire, which changes the lateral redistribution pattern.
Moderately well drained soils are susceptible to a drainage class shift to
imperfectly drained during the first few years after harvest (Startsev pers.
comm.). Considerably more empirical data are needed to determine the range
of antecedent moisture conditions in stands, related to their hydrogeologic
position so that we can better predict which stands are susceptible to higher
moisture or drying following disturbance. With this information, we should be
able to choose the appropriate commercial species to ensure productive forest
regeneration.
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SOIL CHEMICAL PROPERTIES AND NUTRIENT CYCLING

Few data for soil chemical
properties and nutrient
cycling are available for
Alberta’s boreal forest.

While soil surveys in Alberta have collected a wealth of soil chemical
properties of forest floor and mineral horizons (as summarized in Dumanski et
al. 1970), the focus of these surveys was on arable lands. The boreal forest
region of Alberta was wholly missed in the integration of the soil surveys.
Since then, there has been some soil chemical property and nutrient cycling
work in undisturbed, harvested and burned stands in various boreal forest
locations in Alberta. However, data are relatively scarce and provide an
incomplete picture of nutrient dynamics, particularly, following disturbance in
this region. MacLean et al. (1983) developed a conceptual model of the
potential impacts of wildfire in northern ecosystems (Figure 4.5). Many of the
nutrient transfers with the ecosystem and indirect effects also apply to
harvested ecosystems. To aid in this discussion, examples from boreal sites in
Alberta as well as other western and eastern boreal sites will be synthesized to
provide a picture of our current state of knowledge of fire and harvesting
effects on soil chemistry. These data will provide a framework to determine if
we can answer the question of whether forest harvesting emulates natural
disturbance in Alberta.

Direct losses of nutrients from the
ecosystem during fire
Nutrient transfers within the ecosystem
resulting from fire
Indirect effects of fire on nutrient
cycling

Volatilization of N
during fire (dependant
upon fire intensity)

Losses in
smoke

NUTRIENT STORES
IN VEGETATION
(PRE-FIRE)

Changes in species
composition, light
availability, growth rates

Ash convection

Transfer of nutrients
in available form

NUTRIENT STORES
IN VEGETATION
(POST-FIRE)

Redistribution by wind
ASH LAYER
(POST-FIRE)

Changes in
nutrient uptake
rates

Nutrient transfer

Leaching and surface
runoff loss

Increased soil
pH and cations

SOIL “AVAILABLE”
NUTRIENTS

Increased decomposition
and mineralization
Increased N
fixation

Changes in
microbial
populations

volatilization

Nutrient transfer

SOIL ORGANICALLYBOUND NUTRIENTS
Post-fire
erosion

Increased soil
temperature and
active layer depth

Figure 4.5
Potential direct and indirect effects of fire on nutrient cycling in
northern ecosystems (MacLean et al. 1983).
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Acidity
Biological transformations of soil nutrients by microbes and nutrient form are
generally sensitive to soil acidity (pH). Although there are optimum pH
values for various biologically mediated nutrient transformations, microbes
can be adaptable to changing soil pH conditions over time. Soil pH has a large
influence on the availability of nearly all micronutrients, which are important
to plant growth and maintenance. There is variation in soil pH at the stand
scale, where aspen soils are less acidic than mixedwood and conifer soils
(Xiao et al. 1991). Both wildfire and harvesting disturbances are expected to
influence soil pH in all stand types.
Following fire, soil pH
increases.

Soil pH is generally reduced
after harvesting, although
gleying may increase pH.

Immediately following fire, soils generally show an increase in pH of one to
three units, through the hydrolysis of base cation oxides in ash (Wells et al.
1979, Raison 1979, Ballard 2000). Studies in the boreal mixedwood region of
Canada, including those in Alberta, reflect the trends in the general literature
(e.g. Scotter 1963, Smith 1970, Lesko 1971, Pâré & Bergeron 1996, Lynham
et al. 1998). The severity of the burn may influence the amount of time soil
pH remains elevated (Scotter 1963). However, there are few data for recovery
rates of soil pH after fire, particularly data addressing spatial heterogeneity at
a stand scale.
In contrast, after harvesting forest soils become more acidic, depending on
their buffering capacity (Ballard 2000). Studies in the boreal mixedwood of
Alberta show reductions in soil pH following forest harvesting of a similar
magnitude to increases in pH observed in wildfire-disturbed stands (Schmidt
et al. 1996, Carmosini 2000). Further, due to the gleying process, compaction
increased pH by one unit in only one year (Startsev et al. 1998). A reduction
in pH after harvesting may be due to release of organic acids from harvest
residues, and then over time due to accelerated decomposition of the forest
floor (Schmidt et al. 1996). The available data suggest harvesting does not
mimic fire, but the effects of disturbance on soil acidity seem to be short-term
(i.e. <10 yrs) and may be moderated due to the high clay content typical in
this region. More work is needed in comparing recovery rates of soil pH after
harvesting and fire disturbances.
Soil Organic Matter Content
Soil organic matter is critical to the health, productivity and sustainability of
an ecosystem (Neary et al. 1999). Besides playing a major role in soil
structure, organic matter is a stockpile of macro- and micronutrients necessary
to sustain the life of plants and soil biota. Organic matter is composed of
plant, microbe and animal residues at various stages of decomposition. Some
components are readily decomposable and others are quite recalcitrant (more
difficult to decompose), and this varies among stands with different dominant
tree species. Due to the high concentration of organic matter at the soil
surface (particularly in the forest floor), both wildfire and forest harvesting
disturbances can affect the quantity and quality of soil organic matter.
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Organic Matter (g / m2)

Fire intensity and harvest
methods can increase or
decrease organic matter,
depending on disturbance
severity.

Burning destroys a variable amount of soil organic matter, with the intensity
and duration of the fire regulating the magnitude of organic matter loss
(Figure 4.6; Dyrness et al. 1989). For example, Lesko (1971) found a 20%
reduction in soil organic matter after a low-intensity burn in coniferous soils
and Smith (1970) found a 79-91% reduction in soil organic matter in a severe
fire with surface soil temperatures exceeding 1000oC. Light burning may also
increase organic matter as a result of addition of partially combusted material
(Raison 1979).

Forest floor

Mineral Soil

Figure 4.6
Quantities of organic matter in forest floors and surface mineral
soils under white spruce (w. spruce), black spruce (b. spruce), aspen and birch in
interior Alaska (Dyrness et al. 1989).

In comparison, forest harvesting may also either add or remove organic matter
depending on the intensity of the harvest and the amount of site preparation
following harvest. During site preparation, soil organic matter can be removed
from an area or incorporated into underlying mineral horizons. Organic matter
can be added to soils in cases where crowns of aspen trees are left on-site,
thus contributing leaf litter to the soil. Hence, sites with deciduous trees tend
to accumulate organic matter faster than coniferous sites. For example, within
5 years following harvesting in the Prince Albert Model Forest, conifer stands
had about 3 cm less LFH (forest floor) than mixedwood stands (Pennock
1997).

Recovery of organic matter
depends on original stand
species and regenerating
species. Decomposition rates
depend on the type of litter
present.

ALBERTA RESEARCH COUNCIL

Both wildfire and forest harvesting can decrease forest floor soil organic
matter content by up to 100%. But, how long do these effects persist? Lousier
and Parkinson (1979) estimate the mean quantity of organic matter in an
aspen woodland of sub-alpine sites of southwestern Alberta to be 64.2 Mg/ha.
Consider that same stand has an organic matter input rate of 5.6 Mg/ha
(Lousier & Parkinson 1979) from leaf litter and other organic sources. It then
follows that if that stand with that soil organic matter burns or is harvested
and 90% of the original organic matter is lost, it would take about 10 years to
recover to its pre-disturbance state if the organic matter input rate remained

4-15

SOILS

constant. Other estimates predict recovery times ranging from <5 years to 80
years (e.g. Stone & Elioff 1998). However, it is likely that the rate of litter
input would be decreased due to the disturbance and that the rate of
decomposition increased as a result of higher temperatures and wetter soil.
This would slow down the rate of accumulation of organic matter and
increase the amount of time required for the stand to regain its original
amount of organic matter. Annual leaf litter on aspen cutblocks could return
to pre-harvest levels within six years (Alban & Perala 1990), although the
shorter growing season in Alberta may extend this time. Conifer litter is much
more recalcitrant and takes longer to degrade than aspen litter. While organic
matter accumulation in conifer stands were not investigated in Lousier and
Parkinson’s (1979) study, it may be presumed that accumulation of organic
matter would be slower in regenerating white spruce forests than in aspen
forests. Further, adding aspen litter to spruce stands has been shown to
increase decomposition rates (Zabek et al. 1998). Decomposition rates are
thus greatest in aspen stands, moderate in mixedwood stands and lowest in
conifer stands. However, it is important to remember that decomposition rates
in humus are the result of many complex factors including physical and
chemical parameters. In sum, a reduction in organic matter via elevated
decomposition rates depends on the type of litter present and recovery of
organic matter depends both on the original stand tree species and the
regenerating tree species.
In general, decomposition rates in boreal forests are low compared to
temperate forests, attributed to lower soil temperature. Hence, it is unclear
how this will affect decomposition rates if soil temperatures are higher in
harvested stands. For example, Kranabetter and Chapman (1999) found that
soil temperatures were partially responsible for a post-harvesting increase in
decomposition rates of aspen sites in British Columbia. In contrast, Zabek et
al. (1998) found no difference in decomposition rates between cut and uncut
sites in northern British Columbia despite higher soil temperatures in the cut
sites. Disturbed boreal soils of Alberta may not show a “typical” response to
temperature increases, as temperatures may not be high enough to stimulate
significantly higher decomposition rates (Figure 4.7). Differences in the
response to increased temperature may be latitudinally dependent.
In Alberta, soil moisture may play a more key role in limiting decomposition
rates than temperature due to very low soil moisture contents (as previously
discussed). Soil moisture increases after forest harvesting and potential
wildfire may help alleviate limits on decomposition rates by improving the
environmental conditions for microbes (Neary et al. 1999). While
decomposition is normally considered an aerobic process, microsites can exist
in soils where relatively high rates of anoxic decomposition (0.18 to 0.35
kg/kg in <10% air-filled porosity) persist (Startsev et al. 1998).
Sites that are partially harvested are expected to have similar changes in the
factors regulating decomposition rates in completely harvested sites, with the
magnitude of the change depending on the percent live residual. Since the
same factors regulate decomposition in burned stands, similar conclusions can
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1 = natural temperature
range in surface soils
2 = soil temperature range
after harvesting or fire
3 = optimum temperature for
decomposition

2
1
Temperature

Figure 4.7
Schematic representation of the effect of temperature on
decomposition rates. Decomposition may minimally increase in the boreal
mixedwood forest as a result of fire or harvesting despite increased soil temperature.

Decomposition rates change
with residual retention.

be made about burned stands with intensity of the fire determining the rate of
decomposition. In contrast, soil organic matter loss is likely greater in
naturally disturbed stands than in harvested stands due to the consumptive
nature of fire, even in lightly burned stands. Overall, changes in
decomposition rates in partially harvested sites or lightly burned sites would
be expected to be less than in harvested sites with 0% retention or highly
burned sites. Further, soil organic matter content would be greater in
harvested stands than naturally disturbed stands.
Soil Carbon
Natural Distribution
Siltanen et al. (1997) compiled a soil C content database for Canada,
including 71 aspen and 6 white spruce dominant site profiles in boreal Alberta
(Figure 4.8). All of these sites were undisturbed by humans at the time of
sampling and thus likely represent the natural range of variation for soil C in
boreal Alberta. Soil C content for aspen profiles range from 1.0 to 7.7 for the
organic layer (mean + SE = 1.9 + 0.1 kg/m2) and 0.5 to 16.7 for the mineral
layer (mean + SE = 5.4 + 0.4 kg/m2). Soil C content for white spruce profiles
range from 1.1 to 4.0 for the organic layer (mean +SE = 2.8 + 0.5 kg/m2) and
2.9 to 15.4 for the mineral layer (mean + SE = 6.2 + 1.9 kg/m2).
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Figure 4.8
Locations of soil carbon (red circles) sample sites for aspen and
white spruce. Data are from Siltanen et al. (1997). Soil classification map is from
Canadian Soil Survey.

Soil Organic Carbon

Fires and harvest reduce soil
organic carbon levels
comparably. The difference is
in the timing. Site preparation
can accelerate SOC loss.

ALBERTA RESEARCH COUNCIL

Fire generally reduces soil organic carbon (SOC) levels, depending on the
severity of the burn (Wells et al. 1979). Data from mixedwood sites in
northern Saskatchewan show a 15-34% reduction in total SOC within 5
months of a wildfire (Pennock 1997). In contrast, addition of harvesting
residues to the soil likely results in a short-term increase in SOC, as Pennock
(1997) found. However, 5-20 year-old harvested mixedwood stands at the
same site in Saskatchewan show a 23% reduction in SOC, comparable to SOC
loss in the recently burned stands. Even greater losses of SOC (34.5%) in 4-17
year-old harvested conifer stands in Saskatchewan were found (Pennock
1997). Reductions in soil C can be spatially variable at the stand scale as
shown by only 1 of 2 sites in the Whitecourt forest of west-central Alberta
having significantly lower soil C twenty months after forest harvesting
(Figure 4.9; Schmidt et al. 1996). Together, these studies generally suggest
wildfire and forest harvesting result in comparable (in magnitude) reductions
in SOC in the short-term, although the timing differs. Fire effects are
immediate and harvesting effects occur within 20 years. Harvested stands
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Impact of harvesting on total soil carbon (C) 20 months after
Figure 4.9
harvesting at two sites in the Whitecourt forest (Fox Creek and Judy Creek) in westcentral Alberta. Values are means +SE; * = significant difference between uncut and
cut sites at P<0.05 using ANOVA. Data are from Schmidt et al. (1996).

That receive further disturbance (site preparation) have higher losses of soil
C. For instance, scarification and brush control have been shown to reduce
soil C levels by about 25% in seven year old white spruce stands, attributed to
increased decomposition rates (Burgess et al. 1995). Application of herbicide
following forest harvesting has been shown to reduce SOC by 64% in white
spruce stands in central Ontario ten years after harvesting (Périé & Munson
2000). No estimates of recovery time of soil C reserves are available for
boreal sites in Alberta, although work in aspen stands in northern Minnesota
predict recovery of soil C will take approximately 12 years (Stone & Elioff
1998).
Soil respiration

Soil respiration is a useful
measure of relative soil
biological activity.
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Soil respiration (CO2 evolution) is a useful measure of relative soil biological
activity. Changes in soil microclimate and composition of the soil microbial
biomass, resulting from forest harvesting or wildfire disturbance, may alter
soil respiration rates. While little work has been done on soil respiration rates
after disturbance on boreal upland stands in Alberta, studies in other North
American boreal upland stands are used here to complement the existing
database and provide additional insight into disturbance effects on respiration
rates.
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Following disturbance, soil
respiration decreases but
recovers in a relatively short
period.

Both wildfire and forest harvesting could lead to reduced soil respiration rates
in conifer, aspen and mixedwood stands in Alberta as a result of the physical
impacts on soil microfauna. For example, one study in northeastern Ontario
concluded that soil respiration rates in both harvested and burned aspen plots
were significantly lower, by similar magnitudes, than reference plots during
the first two growing seasons following disturbance (Weber 1990).
Harvesting and fire disturbance effects were short-lived at these sites as CO2
evolution rates recovered by the third growing season. Data from boreal
mixedwood sites in Saskatchewan, four years after burned or harvesting,
showed a similar reduction in CO2 evolution, although the findings were not
statistically significant (Walley et al. 1996), indicating sites may be
recovering to pre-disturbance conditions. Work as part of the Boreal
Ecosystem Atmosphere Study (BOREAS) in northern Manitoba found
significant reductions in soil respiration after burning, but that respiration
rates returned to pre-burn levels by 7 years (Burke et al. 1997). In contrast,
respiration rates in conifer-dominated harvested stands in west-central Alberta
were similar to those in control sites during the first three years after
harvesting (Startsev et al. 1998). The high interannual variation and dry soils
during the study years may account for the lack of difference. In one
laboratory study in northwestern Alberta, herbicide application (hexazinone)
after harvesting did not further lower soil respiration rates (Maynard 1993).
While respiration rates may return to pre-disturbance conditions in a relatively
short time period, long term work is needed to assess whether rates reach an
equilibrium or remain dynamic throughout the forests’ life span. For example,
50 year-old, fire-regenerated, boreal mixedwood stands in Quebec show
significantly lower C mineralization rates than in 124 year-old stands in both
forest floor and mineral soils (Côté et al. 2000).

Disturbance effects on winter
respiration rates are needed.

Mechanisms of respiration
reduction are different between
fire and harvest.
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In northern forest soils, winter respiration can be an important component of
the annual CO2 flux from soils. Although winter respiration rates in fire or
harvesting disturbed stands have yet to be studied in boreal areas of Alberta,
data are available for winter-harvested sites in central British Columbia.
Evans et al. (1998) reported higher CO2 evolution rates beneath an
undisturbed site than beneath snow compacted clearcut and shelterwood sites,
probably due to the insulating effect of the snowpack in the undisturbed site.
It is questionable whether such data can be extrapolated to boreal sites in
Alberta as winter microbial activity in Alberta may be less than that in British
Columbia due to a thinner snowpack. However, Carmosini (2000) has
evidence of winter microbial activity, albeit nitrogen activity, in a low
snowfall year. The impact of fire compared with harvesting disturbance on
soil respiration rates during the winter warrants further investigation.
Although disturbance by fire or harvesting seem to have similar impacts on
soil respiration, the mechanisms by which each disturbance decreases
respiration rates differs. Recent work in Finland suggests that fire inhibits soil
respiration through chemical modification of the hydrophilic base fractions of
dissolved organic carbon (Fritze et al. 1998). In comparison, reduced
respiration rates in harvested plots are usually attributed to changes in
physical soil properties as a result of compaction, such as reduced air-filled
porosity that affect the size and structure of the microbial population.
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Nitrogen
Natural N Cycling and Distribution

Nitrogen is usually the most
limiting nutrient to plant
growth.

Nitrate immobilizing soil
microbes appear to play a very
important role in retaining soil
N in late-seral stands.

Nitrogen (N) is usually the most limiting nutrient to plant growth (Jurgensen
et al. 1997), particularly in the boreal forest. Nearly all N in northern forest
soils is present in organic forms. However, plants can take up N mainly in its
inorganic forms, ammonium (NH4+-N) and nitrite (NO3--N) nitrogen.
Evidence from boreal stands in Alberta in addition to research in other boreal
forest stands indicate that boreal tree species prefer NH4+-N over NO3--N
(Kronzucker et al. 1997), probably due in part to the greater availability of
NH4+-N. The conversion of organic N forms to inorganic forms, NO3- and
NH4+ is termed mineralization. Nitrification refers to the conversion of NH4+
to NO3-. Boreal regions are thought to rapidly cycle a relatively small pool of
N (Stottlemyer et al. 1995), leading to low net N cycling rates. The
significance of N loss to forest renewal and N export along hydrological
flowpaths after forest disturbance (harvesting or wildfire) depends on the total
soil N and the magnitude of N loss from the soil rooting zone (Sollins &
McCorison 1981, Jurgensen et al. 1997).
Some of the most intensive work on the distribution of N (and P) in late-seral
aspen stands (in an area similar to Alberta) has been done in the Prince Albert
Model Forest in Saskatchewan. Stands there have the greatest proportion of N
in the forest floor (34%), followed by the B horizon (33%) and then the A
horizon (18%) (Huang & Schoenau 1996) consistent with the distribution of
plant fine roots (Huang & Schoenau 1997). The B horizon has more N than
the A horizon simply because of its depth. At the same site, Huang and
Schoenau (1998) found that most of the soluble N is in the organic form
(85%). Inorganic N pools are dominated by NH4+-N (13% of total soluble N)
with relatively little NO3--N (2% of total soluble N). Wang et al. (1995),
Carmosini (2000) and Westbrook (2000) made similar discoveries in conifer
and aspen boreal forest soils. Blew and Parkinson (1993) were unable to
detect nitrifier activity in mature white spruce stands. Although little nitrate is
available in boreal forest soils, its importance in the N cycle should not be
understated. Both Carmosini (2000) and Westbrook and Devito (subm.) have
found extremely fast turnover of nitrate, typically less than one day, in lateseral forest soils using 15N techniques. Nitrate immobilizing soil microbes
appear to play a very important role in retaining N in late-seral stands.
Few studies have provided detailed distributions of N (and P) content of
boreal forests of Alberta. However, Van Cleve et al. (1980) did compare N
distributions between mature white spruce and aspen stands in interior Alaska
(Table 4.2). While absolute concentrations are likely somewhat higher in
southern parts of the boreal forest of Alberta due to warmer mean annual
temperatures leading to higher microbial activity, the distribution among
forest components is likely similar.
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Table 4.2
Comparison of the distribution of N and P in mature white spruce
and aspen in principal taiga forests of interior Alaska (Van Cleve et al. 1980).

Forest Component
Leaves
Branches
Trunk
Forest Floor and
Litterfall
Mineral Soil

N (kg/m2)
White
Aspen
spruce
8.5
5.9
8.9
5.7
10.0
15.0
57
69

P (kg/m2)
White
Aspen
spruce
1.1
0.7
1.3
1.0
1.1
1.4
7
8

240-400

316-483

241

465

Fire
During the physiochemical breakdown of organic matter by heat, N can be
liberated either by volatilization or convective transfer of ash (Raison 1979).
The proportion of N lost during combustion via volatilization can be predicted
from the percent fuel weight loss as a simple linear regression with a slope
near one (Raison et al. 1985). Volatilization of N begins around 200oC and
60% of soil N is lost at a fire temperature of 700oC (Neary et al. 1999). Few
actual data exist for wildfire temperatures and N volatilization for boreal
stands in Alberta.

Natural disturbance N loss is
dependent on fire intensity and
duration, antecedent moisture
and tree species.

The amount of N lost from soil following natural disturbance is dependent on
the intensity and duration of the fire and the antecedent moisture conditions.
The magnitude of N loss can also be dependent on the tree species. These
conditions can be quite spatially variable, even at the stand level. Dyrness et
al. (1989) found lightly burned and severely burned white spruce in Alaskan
stands lost 10% and 53% of forest floor N, respectively. Fire temperatures
apparently were not hot enough to cause significant N volatilization in surface
mineral soils. This may be attributed to higher soil moisture minimizing
burning depth (Stednick et al. 1982). Lesko (1971) found a 20% loss of forest
floor N immediately after burning of spruce-fir stands near Hinton. Fewer
estimates of soil N under burned aspen stands are available, yet they suggest
that lower intensity burns remove more N from aspen stands than white
spruce stands. For example, lightly burned aspen stands in southeastern
Alaska had a 50% reduction in forest floor N and a 35% reduction in surface
mineral soil N (Dyrness et al. 1989). However, some studies have found no
difference in soil N among stands of different seral stages. For example, soil
total N, NO3--N and NH4+-N in 50-80 year-old conifer stands originating from
fire were similar to concentrations in early-seral (<14 years) and late-seral
(>140 years) stands in central British Columbia (Driscoll et al. 1999).
Few data are available for N transformation rates after wildfire. However, one
study did find that fifty year old, fire-regenerated, boreal mixedwood stands in
Quebec have significantly lower N mineralization rates than in 124 year-old
stands in forest floor but not mineral soils (Côté et al. 2000). Much more
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work quantifying fire effects on N transformation rates in different seres in
needed.
Harvest

Harvesting removes treeN, which is important in
long-term soil N cycling.

Even fewer estimates of soil N loss after harvesting are available for boreal
stands in Alberta, but the magnitude of N loss ranges from zero to levels
similar to that in burned stands. Schmidt et al. (1996) found forest floor and
mineral soils in mixedwood stands in Saskatchewan lost 30-40% of their total
N content following forest harvesting. However, at one site in the study, no
reduction of N was measured in mineral soils, demonstrating the spatial
heterogeneity of N loss at the landscape-scale. Another study in Saskatchewan
found that harvesting of aspen had little impact of soil N content (Maynard &
MacIsaac 1998). Similar results were found by Carmosini (2000) for
mixedwood sites in north-central Alberta. Scarification can further reduce soil
N, as demonstrated by a 70% reduction of N in white spruce stands (Burgess
et al. 1995). The timing of the harvest may play an important role in retaining
N. Nitrogen loss can occur indirectly after harvesting through increased
leaching of organic and inorganic N in flowing water. Inundated soils or
stands hydrologically connected to streams and lakes have a higher potential
for leaching loss while plant uptake is at a minimum. In addition, returning
slash to the cutblock rather than leaving it in piles after harvesting can make a
considerable difference to stand losses of soil N. One study found leaving
slash on-site returned 300 kg N/ha to the soil (Maynard & MacIsaac 1998).
Despite the importance of N to plant growth, there are only a few field studies
of N transformation rates in Alberta’s boreal forest. Studies have shown the
same or higher availability of plant-preferred inorganic N following patch
cutting (Figure 4.10; Maynard & MacIsaac 1998) and clearcutting (Corns &
Maynard 1998, Carmosini 2000, Westbrook 2000). Recent work in central
Alberta found that the distribution of N closely matched slope position and
variation was greater than between uncut and cut stands (Devito unpubl.).
Work in jack pine-black spruce stands along a chronosequence in
northwestern Ontario show similar net N mineralization rates among 64 yearold and <15 year-old harvested stands (Westbrook 2000). In the same study,
net nitrification rates were significantly lower in 64 year-old stands compared
to the younger stands (Westbrook 2000).

Soil ammonium (NH4+)
increases after harvest.

ALBERTA RESEARCH COUNCIL

Several studies have found higher soil NH4+ content following disturbance
(e.g. Westbrook 2000). Higher soil NH4+ content immediately after
clearcutting may be a result of bacterial and fungal death representing a larger
fraction of the available N pool (Hendrickson et al. 1985) or simply to
reduced plant uptake. Olson and Reiners (1983) showed higher NH4+ but not
NO3- in N-poor subalpine Balsam fir soils when plant uptake was prevented.
Continued higher available soil N during the first year after harvesting is also
attributed to decomposition of fine roots severed during clearcutting
(Lundgren 1982). In contrast to the above findings, Schmidt et al. (1996)
found a significant reduction in forest floor NH4+ in 20 month-old harvested
sites. In this study, considerably higher soil C/N ratios after harvesting may
have led to higher immobilization. Adding fresh organic matter to soils
increases C/N ratios, thus stimulating microbial immobilization (Maynard
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Figure 4.10
Ammonium and nitrate concentrations (mg/kg) in the surface
organic horizon (LFH) from 1993 to 1996. Vertical lines indicate +1 standard error (n
= 4). There were no significant differences (P >0.05) between treatments within a
year (Maynard & MacIsaac 1998).

ALBERTA RESEARCH COUNCIL

4-24

SOILS

1997). Field measurements of N cycling in disturbed stands provide evidence
for increased gross immobilization rates after harvesting (Westbrook &
Devito subm.).
Comparison of Wildfire and Harvest
Harvesting has a greater potential to affect total soil N, especially in the longterm. Tree tissue provides storage of soil N. Although this is a long-term pool
not recycled rapidly, it does eliminate this N from potentially cycling into the
forest soil. The long-term impact of this is currently unknown. Similarly in
fire, bark, leaves and needles however the N in boles is left to cycle back to
the soil.

Wildfire has the potential to
impact N transformation rates
as much or more than
harvesting.

Scarification can reduce N.
Scattering slash on the
cutblock can help return N to
the soil.

Wildfire, however, has a greater potential to impact N transformation rates
than harvesting due to the physical changes in soil properties and chemistry.
One study in the Prince Albert Model Forest (Saskatchewan) did find similar
patterns of NH4+ and NO3- accumulation in burned and clearcut sites (Figure
4.11; Pennock 1997). In this study, the classical response to disturbance of
rapid accumulation of nitrate after a time lag was observed, thereby limiting
NH4+ accumulation over time. However, data for burning effects on N
transformation rates are too scarce to confidently say that harvesting and
burning have similar impacts on inorganic N in boreal soils of Alberta. N
availability can be increased after disturbance by higher temperatures and
moisture producing conditions conducive to higher decomposition and
mineralization rates. For example, Stottlemyer (2001) recently showed field
evidence for increased N mineralization in northern forest stands due to
increased soil temperature. Further, reciprocal buried bag experiments in
northwestern Ontario found higher nitrification rates when soils were
incubated at higher temperatures (Westbrook & Devito subm.).
Replacement of N

Soil N losses can be replaced
through fixation, atmospheric
deposition and decomposition
of downed woody material.
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Soil N losses can be replaced primarily through biological fixation, wet and
dry atmospheric deposition, and decomposition of coarse woody debris. There
is the potential for an increase in N fixation rates following fire or harvesting
disturbance, as many disturbance species that invade are N fixers. Estimates
of replacement time also vary with the geographic location of the stand due to
spatial patterns of precipitation distribution, N content of precipitation,
proximity to more mature stands (i.e. potentially a source of litter to recently
disturbed stands), or the quantity of residues left from logging or fire. Soils
may gain N quickly or slowly depending on the rate of N input into the stand.
For example, a five year-old northern Saskatchewan conifer stand had 50%
less than the original soil N, while another had 150% more N than was
originally present (Scotter 1963). The higher N content after five years may
be attributed to addition of charred woody debris to the soil.
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Figure 4.11
Accumulation of inorganic N during a 56 d aerobic laboratory
incubation in soils from footslope and shoulder positions of the native, burned and
clear-cut sites. Within each graph, the upper line represents inorganic N (NO3- plus
NH4+) whereas the lower line represents the accumulation of NH4+-N. The error
bars represent the median absolute deviation from the median (Pennock 1997).

Subtle differences between N
production and immobilization
likely replenish soil N after
disturbance.

In boreal forests, a small increase in N mineralization could be very important
to replenishing inorganic N lost due organic N being the largest fraction of
soil N. This is dependent on higher N production rates than N immobilization
rates. However, stable N isotope data from Carmosini (2000) and Westbrook
(2000) suggest that boreal soils are very N limited, and that immobilization of
N is increased if there is more substrate available. Few other studies of net or
gross N transformation rates are available for the boreal forest in Alberta or
western Canada. Subtle differences between N production and immobilization
rates, especially seasonal variability or microsite variations, likely replenish
inorganic N for regenerating vegetation.
Phosphorous
Natural Distribution

Plant available P is
concentrated in the soil zone
most affected by natural and
anthropogenic disturbances.
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Phosphorus (P) is a macronutrient also important to plant growth but is
mainly found in the mineral soil rather than organic soil (Neary et al. 1999).
For example, 96% of the P (mostly non-labile) was found in the mineral soils
with only 3.5% in the forest floor soil in a study in northern Saskatchewan
(Huang & Schoenau 1996). However, it is the organic fraction of P that is
more readily available to plants. A comparison of the P distribution between
white spruce and aspen stands is presented in Table 4.2. The only study of Plimitation in Alberta suggests that some boreal stands in Alberta may be Plimited, rather than N-limited (Strong & La Roi 1985). Since organic P tends
to concentrate in organic soils, disturbances that remove the forest floor layer
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of a stand may be deleterious to re-growing vegetation in P-limited stands.
Because of the consumptive nature of fire, wildfire disturbance may endanger
P supplies for regenerating vegetation more than harvesting.
Fire

P can be volatilized or
transported up the smoke
column during a wildfire.

Like N, P can be volatilized during wildfire, the quantity volatilized
increasing linearly with fuel weight loss (slope = 0.56) with a vaporization
temperature of 774oC (Raison et al. 1985). For example, loss of P through
volatilization was found in conifer stands of northern Saskatchewan (Scotter
1963). However, the route with the greatest potential for P loss is by
nonparticulate mechanisms (Raison et al. 1985). Ash contains significant
amounts of P (Johnston & Elliott 1998) as it is strongly sorbed by ash or
charcoal and is thus particularly susceptible to transport up the smoke column
or post-fire by wind and water action (Ballard 2000). Fire has also been
shown to fix P in biologically unavailable forms as P complexes with calcium
at higher soil pH (Smith 1970, Neary et al. 1999), conditions frequently found
in Alberta’s boreal forest. Estimates of P volatilization are needed for
Alberta’s boreal forest.
However, not all studies have shown fire to have a large effect on soil P
reserves. Burning had little influence on supplies of available P in white
spruce and aspen stands in Alaska (Dyrness et al. 1989). In the foothills
section of the boreal forest in Alberta, Lesko (1971) found no effect of
burning on soil total P or available P. Date quantifying the effects of wildfire
on P forms and distributions are needed for Alberta’s boreal forest.
Harvest
Increased decomposition of forest litter, reduced plant uptake and potential
loss through increased water flow in soils (leaching) can affect soil P
availability and transformation rates following harvest. Soil P can be affected
differently in mineral and organic soil horizons. In the Whitecourt forest of
central Alberta, forest harvesting reduced available P by 30-50% in the forest
floor at mixedwood sites (Schmidt et al. 1996). In the same study, mineral
soil available P was either similar or higher in harvested areas compared to
undisturbed areas, suggesting some downward movement of available P in the
soil column following harvesting. Scarification has also been shown to further
reduce total P by 50% and available P by 25% in forest floor soils of white
spruce stands in northern Ontario (Burgess et al. 1995).

Conflicting affects of
harvesting on P levels.
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While extractable P in recently harvested aspen stands (1, 2 and 5 years since
harvesting) in northern Minnesota were lower than in undisturbed stands,
there were no significant differences for soil P averaged over the 130 cm
depth profile (Silkworth & Grigal 1982). Work in the Prince Albert Model
Forest found similar inorganic or organic P in harvested mixedwood sites <5
years old, sites 6-20 years old, and undisturbed sites (Pennock & van Kessel
1997). Furthermore, preliminary work in aspen and conifer stands near Lac La
Biche indicates that there is no difference in P between uncut and cut stands
following a winter harvest (Devito unpubl.). Results from these studies
suggest that the timing of harvesting related to annual wetting and drying
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cycles in combination with high spatial variation may have caused the
contrasting effects of harvesting on soil P. Much more long-term research on
P dynamics in different seres is needed to elucidate the impacts of both
anthropogenic and natural disturbances on soil P.
P Recovery

Fertilization experiments
needed to determine if P is the
primary factor limiting tree
growth.

Natural P replenishment rates are low due to small atmospheric and
weathering inputs. Does this translate into P shortage potentials for the
regenerating vegetation in disturbed Alberta boreal forest soils? Although
soils in this region generally have quite high P content and leaching losses are
minimized because of low runoff values (Strong & Leggat 1992, Whitson et
al. 2000), regenerating sites could experience P shortage due to the high soil
clay content and pH giving soils a high buffering capacity and EPC’s of 60 +
34 µg/L (Ferone 2001). Little work has been done to test the P-limitation
hypothesis. However, Strong and La Roi (1985) did find evidence for P
limitation from P-root density correlations for optimal tree growth at aspen
and mixedwood sites south of Lesser Slave Lake.
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Higher soil temperature (up to 10oC)
due to increased insolation on soil
surface (effect length unknown) and
high heat holding capacity of
charcoal

Temperature

Higher for 2-3 years, and possibly up
to 14 years in wet areas, after
disturbance due to reduced
evapotranspiration rates in dry years
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Moisture

Can result in water repellency at fire
temperatures > 288oC

Physical
Properties
Cutting designs should minimize
percentage of block trafficked by
machines

Harvest on frozen ground or dry
soils to minimize compaction

Management Implications
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Potentially no effect in wet years as
higher soil moisture may mask
differences between young and old
stands

Need intensive monitoring over
several seres to quantify effects on
seasonal and annual time scales and
spatial variation

Quantify microbial population
changes as a result of burning and
harvesting disturbances

Quantify length of increased
temperatures in burned and
scarified vs untreated harvested
stands

Long-term impacts of compaction
on forest productivity and
effectiveness of various site
preparation techniques to
ameliorate impacts

Field studies of water infiltration
rates – long-term effects on soils
and regeneration

Field studies of wildfire effects on
soil properties – recovery rates and
mechanisms

Knowledge Gaps
For Alberta Boreal Soils

Develop tree site index versus soil
Leave residuals to relieve drought
moisture regime curve to determine
stress for regenerating vegetation in best moistures for tree growth
very wet areas
Identify and field-test soil types
susceptible to periodic perched

Leave the percentage of residuals
needed to obtain optimum moisture
– however leaving residuals will
compromise sucker survival due to
increased competition

Believed that there are long-term
impacts of compaction, but no
studies to support hypotheses
Higher soil temperature (up to 10oC) Harvest in fall and winter to ensure
due to increased insolation on soil
good suckering in spring
surface (short-term effect) – depends
on aspect of stand
To promote aspen suckering and to
maximize growth potential, reduce
Longer growing season
shading

Impacts are short-term but can have
significant impacts on root
development

Heavy machine disturbance causes:
-compaction
-reduced air-filled porosity
-reduced infiltration rates
-drainage class shift (potentially
long-term)

Key Impact(s)
Forest Harvesting

Very high temperatures occur during
the fire (soil heating) leading to death
of soil fauna and flora (fast recovery
expected)
Drying of surface layers in low
Higher for 2-3 years after
intensity burn and into mineral soils disturbance due to reduced
in high intensity burn
evapotranspiration rates in dry years

Key Impact(s)
Wildfire

Soil
Parameter

APPENDIX 4.1 Key impacts, management implications and knowledge gaps for soils following wildfire and forest harvesting disturbances in Alberta boreal
forest upland stands.
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Higher inorganic N availability in
short-term due to death of microbes
and fungi, fine root decomposition
and reduced plant uptake

Leaching of N to soil from charred
woody debris

High potential for N loss through
volatilization (begins at 200oC) or
convective transfer by ash

Nitrogen

Decrease in quality of OM (increase
in ratio of fulvic to humic acids)

Increased decomposition rates postdisturbance will result in loss of
organic matter

May add organic matter through leaf
litter additions

Key Impact(s)
Forest Harvesting
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No effect on N mineralization rates
due to N-limitation promoting N
immobilization

Higher inorganic N availability in
short-term due to death of microbes
and fungi, fine root decomposition
and reduced plant uptake

Higher respiration rates under snow
cover in young vs old-growth stands
Most N loss comes through removal
of aboveground biomass and forest
floor removal and displacement

Short-term decreases in respiration
rates due to loss of microbial
biomass

Short-term increases in organic
carbon due to addition of harvesting
residues
Short-term decreases in respiration
AND
rates due to chemical modification of Reduced carbon due to increased C
the hydrophilic base fractions of
mineralization rates (not immediate,
dissolved organic carbon
20 year time-scale)

Reduced organic carbon levels
depending on burn severity

Increased decomposition rates postdisturbance will result in further loss
of organic matter

Consumption of organic matter with
fire intensity and duration regulating
losses

Key Impact(s)
Wildfire

Carbon

Soil Organic
Matter

Moisture

Soil
Parameter

Knowledge Gaps
For Alberta Boreal Soils

Comparison of disturbance effects
in soils under snow cover

Estimates of respiration of forest
life span

Leave slash and leaf litter on-site so Comparison of N cycling rates
N can leach from slash to soil
between burned and harvested
stands (spatial and temporal data
required)
Minimize area in a cutblock
affected by microclimate and
physical property changes if goal is Identify mechanisms controlling N
cycling
to keep nutrient status unchanged
from pre-disturbance state
Quantification of recovery rates of
To promote N release, reduce
soil N and N cycling
residuals to try to increase net
mineralization

Reduce compaction so soil remains
at constant aeration to avoid
reductions in the size of microbial
populations

Controls on decomposition (field
tested)
Need recovery times and spatial
variation for organic carbon

water tables in spring due to either
high frost tables or water flowpath
Losses generally take many years to Data quantifying impacts of
recover to pre-disturbance state
disturbance (natural and
anthropogenic) and rates of
Avoid incorporating aspen litter in recovery
spruce stands as it speeds up
decomposition rates
Data quantifying spatial
heterogeneity

Management Implications

SOILS

Small increase or no change in N
mineralization rates due to increased
temperature and moisture
High potential for P loss through
volatilization (vaporization at 774oC)
or convective transfer by ash
(greatest losses)
After the fire, P may be further
reduced through leaching loss if soils
are moist

Nitrogen
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Phosphorus

Key Impact(s)
Wildfire

Soil
Parameter
Management Implications
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Studies of P loss have found none, or Minimize conditions conducive to
less than 50% loss (conflicting
P loss (i.e. higher water content,
studies with no controls elucidated)
higher temperatures, displacement
of soil horizons, etc.)
P may be reduced through leaching
loss if soils are moist
For better tree growth, provide
conditions necessary to recycle the
nutrients back into plant-available
forms

Key Impact(s)
Forest Harvesting

Comparative studies between P loss
in burned and harvested stands and
recovery rates

Identify factors regulating spatial
heterogeneity of P loss

Fertilization experiments to
determine if P is the primary
limiting nutrient for tree growth

Studies that elucidate controls on P
availability and movement after
disturbance

Knowledge Gaps
For Alberta Boreal Soils

SOILS

CHAPTER 5: FOREST STRUCTURE1 AFTER WILDFIRE AND
HARVESTING
Philip Lee
OBJECTIVE
This chapter compared the successional development of forest structure after
wildfire and timber harvest. Structural elements included: 1) residual patches
2) large live trees, 3) standing dead trees, i.e. snags, and 4) downed woody
materials. Changes in elements after harvest were evaluated relative to the
natural disturbance-succession and old seral templates (see Chapter 2).
METHODOLOGY

There are a limited number of
datasets on forest structure for
boreal forests. Most studies
focus on natural mature and
old seral stand or very young
harvested stands. Data from
early mature harvested stands
and young naturally
developing stands are lacking.

In deriving the general patterns of forest structure over different seral stages,
there were two major problems. Firstly, there was a lack of data from Alberta
for most boreal forest structures. For each of the structural elements, there
were a handful of studies, often less than two or three. For this reason, the
dataset was expanded to include research from other boreal and a selected
group of sub-boreal forests. Studies were considered if there were either the
same species or a similar latitudinal, climatic, and boreal communities as
those found in Alberta. This expanded the dataset to include boreal systems in
other areas in North America and Fennoscandia. In each of the summary
tables, the geographic locations of studies were listed.
The second problem was the lack of variation amongst datasets from North
America. Throughout the North American boreal, timber harvest is still
relatively young. Hence, there was a lack of older stands, i.e. >30 years, that
were either clearcut, structured clearcut (<20% merchantable residual), or
selectively (>20% merchantable residual) cut. Also, most of the data came
from stands dominated by either conifers, i.e. spruce (Picea glauca Moench,
P. mariana Mill.) or pine (Pinus banksiana, Lamb.), or trembling aspen
(Populus tremuloides Michx). There were relatively few mixedwood stands.
Here again, the dataset was expanded to include studies from other boreal
jurisdictions where the history is longer. Many of the additional studies were
from Fennoscandia forest systems including Norway spruce (Picea abies L.),
Scots pine (Pinus sylvestris L.), European aspen (Populus tremula L.),
pendula birch (Betula pendula Roth), and mixes of these species. Although,
the results from other areas should always be interpreted with caution, these
studies provide insights into potential changes in successional trajectories
under different management regimes.

1

The term “stand structure” is loosely applied to include a number of features of
forests. In general, structure is viewed primarily as the overall physical characteristics
of the three-dimensional space created by a forest. It places less emphasis on the
species composition within a stand than the physical characteristics created by
different living and dead elements.
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Data were restricted to published government reports and peer-reviewed
journal articles. Many data points were extracted from the text or tables. If
figures were of sufficient resolution, values could be taken directly. If not, the
authors were contacted and many provided original values. In many cases,
values in papers were part of larger datasets collected and analyzed in a
similar manner but were not published. These datasets were also included,
provided the techniques were the same as those parts that were published.
Again, authors were contacted and asked to provide data. In every case where
authors were contacted, they provided values.
Data was obtained primarily
from articles in peer-reviewed
journals and government
reports. Summary statistics
were reported for each of the
structural elements.

Stand ages or seral stages were recorded from the research papers and reports.
For the conifer and mixedwood stands, many researchers feel that these stands
are much older than tree cores of the canopy trees would lead us to believe.
Possibly many trees were suppressed as seedlings and hence, neither put on
tree rings nor could be properly aged at dbh height. The actual seral stage of
deciduous-conifer mixedwoods would be older than their cored ages would
suggest. This is an area of active research. For this report, I reported the stand
age given in the reference.
Analysis focused on comparisons of the harvested stands to the corresponding
wildfire-origin seral stage and natural old seral stages. The most difficult part
of this analysis was interpreting the unit of reporting. Estimates were based on
the sample unit required to assess a basic forest type by that author(s). Most
studies measured a series of plots within a spatially contiguous block of
forest, i.e. stand. Most commonly the measurements pooled were to the stand
level. In general, smaller scale plot values were not utilized. Each study
produced at least one data point but most studies produced many points
particularly those that measured different stands over a broad geographical
area. Due to the different spatial scales, plots sizes, and methodologies among
the different studies, only summary descriptive statistics are reported. Other
more complex, statistical analysis such as meta-analysis (Rosenburg et al.
2000) are potentially possible but were not attempted in this chapter.
RESIDUAL PATCHES
Initiation Stage: 0-10 Years Post-Disturbance

Residuals left after wildfires
vary widely in composition and
age. In contrast, patches left
after harvest are all derived
from merchantable-aged
stands.
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Depending on fire behaviour and intensity, wildfire stands can vary in the
amounts of unburned and partially burned patches embedded within a burned
matrix. Unburned patches retain all the characteristics of the pre-burn forest
while partially burned patches suffer the loss of some canopy trees and
understorey. In both wildfire and harvest stands, the sole source of large trees
(>30 cm dbh) in the initiation stage are unburned or unharvested residuals.
The availability and sizes of these trees in unburned patches is dependent on
the age of the stand at the time of disturbance. Mature and old seral stages
will tend to leave greater densities of large trees (>30 cm dbh). With the
current rotation ages, most harvest stands will have large trees with densities
of at least >200 stems per ha provided residual patches are representative of
the pre-cut stand.

5-2

The amount of residuals
remaining from wildfires vary
from 2 to 10% and exhibit a
right-skewed distribution of
patch sizes.

The amount of residual material in whole wildfires reported in the literature
following wildfires varies from 0% (Eberhart & Woodard 1987) to as much as
15% (Gasaway & DuBois 1985). The majority of values fell between 2 and
10% (Table 13.2). Two separate studies of Alberta’s boreal forest, Eberhart
and Woodard (1987) and Smyth (1999) found that the amount of residuals
increased with the size of the wildfire. In general, wildfires <200 ha had less
than 1% residuals while those larger than 2,000 ha had >5.0% unburned
residuals. This trend is supported by two studies of larger wildfires. Gasaway
and Dubois (1985) found that 15% of the landbase in a large wildfire in
Alaska (50,000 ha) was unburned. Smyth and Lee (2001) reported 12% for a
36,000 ha burn in western Alberta. In a survey of 42 wildfires varying from
54 to 52,722 ha, Ontario Ministry of Natural Resources (1997) found a range
of 2 to 10% residuals for wildfires. However, they found no relationship
between wildfire size and percent residual area.
After wildfires, the size of patches can vary from single isolated trees to larger
aggregations of multiple stems. In general, the size distribution of residuals
followed a right skewed distribution when based on frequency (Eberhardt
1986, Smyth 1999, Smyth et al. subm.). That is, the most frequent residuals
were smaller, ranging between 0.1 to 1 ha (Smyth & Lee 2001; Table 13.3)
while evaluation by area suggests that most of the area of residuals is found in
larger patches ranging from 1 to 5 ha (Ontario Ministry of Natural Resources
2001, Smyth & Lee 2001).

In the only study to directly
measure harvestable polygons
before and after wildfires,
Smyth et al. (subm.) showed
that the amounts of residuals
can be as high as 30% in large
polygons.

There is conflicting evidence
whether the amount residuals
varies according to either stand
age or canopy type.
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In an attempt to analyze wildfire stands directly analogous to harvest stands,
Smyth et al. (subm.) thoroughly examined 168 stands from 8 wildfires. Each
stand had an aspen canopy prior to burning. They found that the size of aspen
stands affected the total amount of live residual material and the size
residuals. Approximately 5% and 18% of small aspen stands (<10 ha) were
unburned and partially burned, respectively. In medium-sized stands (10 to 60
ha), 22% and 15% were unburned and partially burned, respectively. In large
stands (>60 ha), 30% and 15% were unburned and partially burned,
respectively. The general size distribution of patches found that large stands
also had a higher proportion of larger residual patches. They also found 33,
20, and 14 isolated single trees per ha, respectively for >10 ha, 10 to 60 ha,
and >60 ha in post-burn stands. They attribute the greater amounts of
residuals in aspen stands to the lower combustibility of aspen. These results
differ from other studies.
Eberhart (1986) found no such trend when he examined a larger dataset.
Smyth and Lee (2001) found a significant relationship between aspen cover
and presence of residuals, however, the variance explained was less than 9%.
Ontario Ministry of Natural Resources (1997) found mixedwoods and
lowland conifers as the dominant forest types in residuals within their study. It
was unclear whether these forest types were proportionally represented in
residuals since the pre-burn percentages for each forest type were not
measured.
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Disturbance-Succession Template

There is little published data
for harvested blocks. The
available data suggests harvest
residuals may be at the lower
end of the range of residual in
cutblocks.

Although leaving residuals within polygons is a common logging practice, to
date, there has been relatively little published data on its spatial patterns or on
the fate of logging residuals. The total amount of residual for cutblocks
prescribed by our current understanding of wildfires suggests that inblock
residuals should vary between 5 to 15%. Targets for residuals in harvest
blocks vary from 1 to 10% in Alberta and other parts of Canada’s boreal
forests (F. Doyon pers. comm.). In general, targets within deciduous stands
were >5% while targets for conifer stands were <5%. Field collected data is
generally unavailable to the researchers. In one of the few datasets, AlbertaPacific Forest Industries found a mean of 6% merchantable volume leave
(range of 0-22%) on its cutblocks after the first five years of operations
(unpubl. data).
Other areas where current harvest differs are the lack relatively low variation
in the total amount of residuals among cutblocks and the use of smaller
patches in cutblocks. The variance in amount of materials left within
cutblocks is relatively low. It does not usually exceed 15% at an operational
level. In order to match wildfires, the amount of residuals in some blocks
would have to be relatively high. For these stands, the outcome would be
similar to an old seral stage template. Aside from the Alberta-Pacific dataset,
no other empirical datasets are available on the size distribution of patches
within harvested cutblocks within Alberta.

The size distribution of patches
under current harvest practices
is also lower than wildfires.

Emulation of wildfires requires
a template that extends beyond
stand-level practices to larger
spatial scales.
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Currently in Alberta, most residuals are left as within block structures that
rarely exceeds 3 ha. In order to match wildfires, the patch size of treed
residuals would have to be expanded. In an effort to better emulate wildfire
sizes and expand the size ranges for residuals, Ontario’s Ministry of Natural
Resources (2001) has removed a 260 ha limit on the size cutblocks and
expanded residual guidelines to include larger, i.e. peninsular, residuals.
Peninsular residuals are patches along the margin of large cutblocks that
account for 8 to 28% (after cutting) of the cut block depending on the forest
type. There is a suggestion that at least 80% of residuals both inblock and
peninsular be greater than 5 ha. Not surprisingly, the use of larger cutblocks
has led to considerable public debate. Even the largest cutblocks that the
general public would permit (~1,000 ha) are likely to fall well short of the
wildfire sizes that dominate the landscape. It seems clear that there is no
single harvest prescription that matches the inblock structure left by wildfire.
Rather than focus on single large cutblocks, it maybe worthwhile to consider
the creation of a single seral stage over a relatively contiguous area. A
landscape plan is required to place differing amounts and patch sizes of
residual within different polygons. Harvesting within this area should be
completed over the shortest seral stage, i.e. initiation stage (~10 years).
Retention of residuals within this area would be based on the amounts found
in wildfire. This area will be composed of multiple cutblocks. Cutblock size
can vary according to economic and social as well as ecological constraints
but the landscape would retain many of its ecological parameters. In Chapter
13 we discuss a management plan for the development of landscape targets
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for residuals based on natural landscapes and potential integration of riparian
and old growth residual areas with other residual patches.
Old Seral Template

The amount of retention
required to meet an old seral
template depend upon the
response of biota. The amounts
and patch sizes required to
retain pre-cut communities in
the stand are relatively high,
i.e. > 40%.

The amount of old seral biota retained is a direct function of the percentage of
pre-harvest trees left after harvest. In general, the greater the density of preharvest trees the greater the retention of pre-harvest biota. This relationship is
likely to have a threshold function. That is, it may be possible to remove some
trees without any measurable change in biota or community assemblages.
However, above a threshold value of removal, there is a sharp change in
species abundance and composition. A template for retaining old seral stage
species depends more on measuring the biotic response to structure left at
harvest than any particular amount of structure from measurements of old
seral stage.
It is unlikely that all species will respond to changes in the amounts of preharvest structure in a similar manner (see Chapter 9). Hence, the threshold
will depend on what species are examined. The amount of pre-harvest
residual required to achieve a good match for old seral stages is likely to be
relatively high. Norton and Hannon (1997) reported that residual values of 3040% retained significantly more old seral species than 8% residual. Steventon
et al. (1998) suggested that bird communities were more similar to old seral
stages when 60% was retained over 30%. In both studies, the changes in
percent residual were not continuous enough to determine whether a threshold
existed. Also, it was unclear the whether the degree of similarity to old growth
was sufficient to be of conservation value.
A second issue is the size distribution of patches. In general, large, intact
residual patches maintain more old seral species than smaller patches. Again
the criteria for residual size comes from the bird literature. Patches greater
than about 0.8 ha retained most of the pre-cut species of birds, even if patches
were in the middle of clearcuts (Schmiegelow et al. 1997, Seip & Parker
1997, Merrill et al. 1998, Schieck et al. 2000a). Tentatively, it would appear
that relatively high residual, group selection harvesting would retain the most
old seral species. It is worth pointing out however that the range of retention
levels, the taxa evaluated, and the types of harvest patterns, e.g. shelterwood,
evaluated have been limited. Furthermore, presence of a species does not
necessarily ensure long-term maintenance of a viable population. Chapters 6,
7, 9 and 10 provide more detailed reviews of biotic thresholds and patch sizes.
Establishment Stage and Beyond: 11->125 Years Post-Disturbance
There was a lack of data for the successional fate of residual patches beyond
the first few years in both wildfire and harvest studies. In the absence of direct
empirical data, potential projections can be extrapolated from larger, stands
but with additional effects of being in smaller patches. Small patches are
subject to greater amounts of blowdown. The density of large trees would be
less than those in similar contiguous forest. The loss of some vertical structure
accelerates the structural changes in patches that may lead to increases in
other old seral features. Inputs of deadwood materials (standing and downed)
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Little data on the succession of
patches exists beyond the first
few years. They likely have
more understorey, more
deadwood, and fewer canopy
trees than comparable areas of
interior forest. Over time, the
edges of patches begin to
merge with the adjacent
regenerating forest.

were greater along the edge (Harper 1999, Crites 2000). Edges have a greater
level of productivity than either regenerating areas or patch interiors. This is
largely due to the greater amounts of light, relative humidity, lower
temperature fluctuations, and increased soil temperatures associated with
edges (reviewed in Ranney et al. 1981). These factors produce greater
densities of sapling trees, total basal area, and shrub densities (e.g. Chen et al.
1993, Hughes & Bechtel 1997). The increased density of saplings reported in
other forest types such as eastern deciduous (e.g. Burke & Nol 1998).
Increased sapling densities have been noted in aspen-dominated forests in
Alberta (Harper & MacDonald 2001).
Aside from changes to the structure of patches during succession, patches
may also have an effect on the succession of the surrounding stand. Shading
and in the case of aspen, hormonal suppression may reduce the regeneration
of trees and shrubs in the area surrounding the patch. The effect may be
greater for small group or shelterwood harvesting. Over time, the edge
between the patch and disturbed stand will begin to dissipate as the canopy of
the regenerating stand emerges. Again, these changes are conjecture. The
long-term succession of residual patches needs to be further explored.
LARGE2 TREES
Large trees are an important habitat resource for non-vascular plants (see
Chapter 7), birds (see Chapter 9), and mammals (see Chapter 10). Unlike
patches, large trees have been tracked in a number of boreal studies (Table
5.1). Most studies are from deciduous- or coniferous-dominated stands that
originated from wildfires. Fewer studies come from mixedwood forest types,
clearcut systems (>80% basal area removal), and even fewer from selective
harvest systems. Data from the latter exists only from European studies.
Initiation Stage: 0-10 Years Post-Disturbance
There was no data on the density of large trees in the initiation stage. Most
likely the densities of large trees will increase with increasing amounts of
unburned or unharvested residuals and more obviously with older the predisturbance seral stages.
Disturbance-Succession Template

Densities of large trees
increase with greater
residual areas and ages of
pre-disturbance stands.

With a 6% residual, a mean density of 13 stems per ha (3 S.E.) was recorded
for aspen studies in North America. No empirical data was available for
wildfire stands. However, there is no reason to expect that the density would
be different in wildfires provided the same amount of residual was the same
seral stage at the time of disturbance.

2
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Table 5.1
Summary table of densities (stems per ha) of large trees (>30 cm
dbh) following disturbance reported from different sources in Europe and North
America. Means, and distributional properties were based on values reported in
original citations3 or provided by authors. Natural refers to insect, wildfire, or
unknown natural stand-origins. Cutblock (<20% residual) refers to stands that were
cut and then left until the regenerating cohort is harvested. Selective includes
individual tree, small group, pre-commercial, and post-commercial thinning types of
harvest. Seral stages; 1 = >0 to 10 years, 2 = 11 to 25 years, 3 = 26 to 75 years, 4 = 76
to 125 years, and 5 = >125 years.

Forest Type

Seral
Stage Location

# Study
Sites

Mean Std Error

Min

Max

Disturbance-Succession Type: Natural
Picea
Age 2 North America
Picea
Age 3 North America
Picea
Age 4 North America
Picea
Age 5 North America
Picea
Age 5 Europe
Pinus
Age 4 North America
Abies-Picea
Age 4 North America
Picea-Pinus
Age 4 North America
Picea-Pinus
Age 5 North America
Picea-Pinus
Age 5 Europe

1
1
7
16
3
4
1
1
1
1

0
19
37
189
56
0
27
46
88
77

.
.
17
21
11
0
.
.
.
.

0
19
0
0
38
0
27
46
88
77

0
19
119
299
77
0
27
46
88
77

Abies-Populus
Picea-Betula
Picea-Populus
Picea-Populus
Picea-Populus
Picea-Populus
Pinus-Populus

Age 4
Age 5
Age 2
Age 3
Age 4
Age 5
Age 4

North America
North America
North America
North America
North America
North America
North America

3
1
2
2
5
4
7

24
142
88
23
60
122
1

20
.
5
7
5
46
1

0
142
83
16
51
20
0

64
142
93
30
75
200
5

Populus
Populus
Populus
Populus

Age 2
Age 3
Age 4
Age 5

North America
North America
North America
North America

5
38
32
5

25
11
110
125

12
3
13
30

0
0
0
20

64
70
276
199

Disturbance-Succession Type: Cutblock
Pinus
Age 3 Europe

2

18

4

14

21

Picea-Betula

3

8

3

4

13

Age 5 Europe

3

Tikka 1954, Jeffery 1961, Erskine 1977, Pastor & Bockheim 1981, Parker & Parker
1983, Rutkowski & Stottlemeyer 1993, Esseen 1994, Farr 1995, Edenius & Elmberg
1996, Kneeshaw & Burton 1998, Linder & Ostlund 1998, Tittler 1998, Crites 1999,
Verbisky & Syker 1999, Lee et al. 2000, Siitonen et al. 2000.
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Forest Type
Populus
Populus
Populus

Seral
Stage
Age 1
Age 2
Age 3

Location
North America
North America
North America

Disturbance-Succession Type: Selective
Picea-Pinus
Age 5 Europe

# Study
Sites
3
3
5

2

Mean Std Error
13
3
23
5
62
41

26

3

Min
6
16
11

Max
17
32
225

24

29

Old Seral Stage Template
In order to retain pre-cut biotic
communities, densities of large
trees are likely to be high.

Since large trees are characteristic of old seral stages, harvesting should focus
on leaving as many large trees as would be required to retain old seral biota.
To match the old seral stages, the amount of retention is likely to be large (see
Chapters 9 and 10).
Establishment Stage and Beyond: 11->125 Years Post-Disturbance

Under natural succession, the
density of large trees exhibits a
U-shaped distribution with
succession. High densities with
stand initiation due to
unburned areas and high at
the late seral stages due to
growth of the regenerating
cohort.

Each of the forest types examined in this report exhibited a U-shaped change
with natural seral stage development. That is, densities were relatively high in
the establishment stage then declined with the aggradation stage seral stages
and increased in the mature and old seral stages (Table 5.1). Large trees in
early seral stages are a product of undisturbed individual trees or residual
patches while those in later seral stages are the result of growth of the
regenerating cohort.
Densities of large trees in North American aspen were 25 (12 SE) trees per ha
during the establishment stage but these declined to 11 (3 SE) trees per ha
during the aggradation stage. The density rose to more than 100 trees per ha
by the mature and old seral stages. Data from wildfire-origin, spruce-aspen
mixedwood boreal forests in North America indicated similar types of results.
Establishment seral stages had a significant mean densities of large trees (>30
cm DBH), 88 (5 S.E.) trees per ha, this dropping to 23 trees per ha (7 S.E.) for
the aggradation stage. By the mature stage, densities increase to 60 trees per
ha (5 S.E.) and old seral stages have the most with 122 trees per ha (46 S.E.).
Densities of large trees in wildfire-origin, white spruce forests in North
America increased from disturbance onwards. Establishment and aggradation
data exhibited very low values suggesting there were no wildfire residuals in
the measured stands. These data were from a single study. For mature and old
seral stages, mean densities of large trees increased to 37 (17 S.E.) and 189
(21 S.E.) trees per ha (Table 5.1).
Disturbance-Succession and Old Seral Templates
The North American aspen dataset for harvest stands spanned the first three
seral stages and demonstrated a steady increase in the density of larger trees
over that time (Table 5.1). This is due to the growth of trees left in residual
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Depending upon the amount
and variation in the sizes of
trees left at harvest, large trees
should continue to recruit
throughout the seral
development of the stand.

patches. This demonstrates the value of leaving trees in a wide variety sizes
for later recruitment into larger size classes. Depending upon the extent of
understorey protection, there can be significant densities of non-merchantable
size classes (~10 cm dbh or less) in harvest stands. Harvest stands may not
exhibit the mid-seral decline observed in wildfire stands if a relatively large
amount of residual material is left. With relatively moderate levels of
retention, there would appear to be a relatively good potential to match the
densities of large trees between natural and harvest in later seral development.
This may not occur in the initial seral stage but may occur in later seral stages.
Old Seral Stage Template

The density of large trees in
high residual systems depends
on whether there is a re-entry
for harvest prior to the end of
the normal rotation cycle. In
single harvest systems, density
of large trees is very high while
re-entry systems are likely to
lose large trees with each reentry.

Unless there are repeated entries in stands harvested under the old seral
template, the residual patches within these forests should continue to recruit
large trees. Boreal forests are unlikely to retain a static old-growth structure. It
is unclear how similar different ages of very old forests are to each other. If a
great deal of variance exists, then high residual stands are likely to change
over time. On the other hand, if multiple entries are required then these must
be spaced in time to allow for a recruitment of trees into the large size classes
until the next harvest. If the time between intervals is insufficient to replace
these larger trees, then there will a steady loss of large trees from these stands.
This suggests that some trees within these stands must be allowed to age 80+
years. Studies from selective, repeated harvest systems suggest a loss of large
trees despite the fact that stands are in an old seral stage. The overall mean
value for two studies was 26 (3 SE) trees per ha. This is about quarter to half
of the large trees present in natural old seral stands. For both the disturbancesuccession and old seral stage, there is a need for long-term datasets to
complete the dataset for aspen and other forest types.
Falldown of Large Trees
One of the greatest management concerns is the blowdown of harvest
residuals. Many managers and the general public view the falldown of
residual materials as wasteful. Designing and implementing windfirm
residuals offers a strategy that may allow for lower densities of trees left after
harvest. It will also produce greater densities and larger size classes in later
seral stages. Most of the blowdown within both wildfire and harvest areas
occurs in the first few years after disturbance, this is largely attributed to the
loss of taller, narrow stemmed individuals (e.g. Hatcher 1961, Esseen 1994,
Ruel 2000). The windthrow prevention literature is extensive and a number
preventative measures are available (see Chapter 13, Table 13.7).

For aspen- and coniferdominated harvest stands,
blowdown rates vary from 1.5
to 15.5% in the first years after
harvest. In general, these were
dependent on the number and
intensity of major wind events
each year.
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For aspen-white spruce mixedwoods, time since disturbance, windstorms, size
of the patch, wind characteristics of site, and diameter of stem are the most
important factors in determining the blowdown of trees. Crites (2000)
reported relatively high falldown rates for structured aspen cutblocks (~3%
live residual). She found a rate of 2.8% in the first year and a 15.5% in the
second year after harvest. The second year featured a number of windstorms
during the late fall and early winter. Hanus et al. (2001) found that live
residuals in low intensity burns (~40% live residual) fell at a lower rate over
the first six years than in structured cutblocks (~6% live residual) and, 1.5 and
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2.17% per annum respectively. Navatril et al. (1994) found rates of 5 to 8.3%
over the first three years after harvest for white spruce.
Contrary to the data in the literature that suggests differences between
deciduous and conifers (Table 13.7), Hanus et al. (2001) found no difference
in falldown rates between aspen (2.17% per annum) and white spruce (1.83%
per annum). However, Crites (2000) found that blowdown rates for white
spruce were more than twice than those for aspen. In both studies, aspen were
much more likely to break along the bole while white spruce tended to uproot.
This leads to a greater retention of dead vertical structure in aspen dominated
wildfires and cutblocks. Isolated, solitary live trees fell at a much higher rate
than those in patches (Crites 2000, Hanus et al. 2001). Larger patches
provided more protection than smaller patches. Crites (2000) demonstrated
that even patches >3 ha could still provide significant protection for live
residuals from falldown. However, she demonstrated that distance to cutblock
edge was not a significant factor in affecting falldown rate. Larger diameter
trees were more windfirm than smaller diameter trees. Hanus et al. (2001)
showed that trees >20 cm dbh had little change in the falldown rates with size
(~1.9% per annum) while those with smaller diameters had greater falldown
rates (~3.17% per annum). However, very large trees (>40 cm dbh) had a
similar rate (~3.0% per annum) to small diameter trees.
STANDING DEAD TREES (SNAGS)
Initiation Stage: 0-10 Years Post-Disturbance
During seral development, medium to large diameter snags (>10 cm dbh) are
recruited from four sources (Figures 5.1 and 5.2):
Snags are derived from a
number of different sources
during seral development. The
importance of each source
varies according to seral stage.

1.
2.
3.
4.

Surviving pre-disturbance snags
Trees killed by wildfire or harvest
Death of live residual trees
Death of the regenerating cohort of trees

The importance of each source varies according to seral stage. The initiation
stage for both wildfire- and harvest-origin stands have a number of sources
for snags. One of the most striking features in wildfires is the relatively
instantaneous conversion of live trees to snags. As a result this seral stage has
more snags than any other seral stage for either wildfire or harvest. Tables 5.2
and 5.3 summarize the volumes and densities, respectively, of snags after
wildfire.
In one of the few studies to measure white spruce stands immediately after
wildfires, Verbisky and Sykes (1999) found a density of 286 snags per ha. A
similar high density was also found for studies within aspen stands, 197 (128
SE) snags per ha (Table 5.3). The very high variance amongst studies reflects
differences in 1) the intensity of the burn, 2) pre-burn densities of medium
and large trees, and 3) the intensity of the initial falldown. More intense burns
usually result in greater tree mortality, hence, a greater density of snags.
Mature or old seral pre-burn stands will yield a greater density of medium or
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Wildfire
Disturbance-Succession
Template Harvest

Pre-harvest snags
Harvest-killed trees
Mortality of residual trees in wildfire and harvest stands

Fire-killed trees

Relative Amounts

Mortality of regenerating cohort in wildfire or harvest stands

Initiation
0 to 10 yrs

Establishment
11 to 25 yrs

Aggradation
26 to 75 yrs

Mature
80 to 125 yrs

Old
>125 years

Seral Stage

Figure 5.1
Schematic diagram comparing the seral development of medium
and large standing dead trees (snags) between comparable wildfire- and harvest-origin
(~low residual). Comparable wildfire seral stages are the standard for using a
disturbance-succession template for coarse-filter management of timber harvest. The
width and shading of arrows indicates the relative importance and contribution of
each source for each seral stage. See text for explanations.
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Old Seral Stage
Old Seral Template
Harvest

Harvest-killed trees
Pre-harvest snags
Mortality of residual trees in harvest stands

Mortality of trees in natural old seral stage

Harvest Entries

Initiation
0 to 10 yrs

Establishment
11 to 25 yrs

Aggradation
26 to 75 yrs

Mature
80 to 125 yrs

Old
>125 years

Seral Stage
Figure 5.2
Schematic diagram comparing the hypothetical development curves
for harvest (~high residual) and natural old seral stages. Natural old seral stages are
the standard for comparison when using an old seral template for coarse-filter
management of timber harvest. The arrows indicate the sources of medium and large
standing dead tree from both disturbance types. The width and shading of arrows
indicates the relative importance and contribution of each source during development.
Note the declining densities of snags from residual trees with each successive stand
entry for harvest. See text for explanations.
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Table 5.2
Mean volume (metres squared per ha) of snags (>1.3 m height)
reported for various boreal forest types in Asia and Europe. Means, and distributional
properties were based on values reported in original citations4 or provided by authors.
Natural refers to insect, wildfire, or unknown natural stand-origins. Cutblock (<20%
residual) refers to stands that were cut and then left until the regenerating cohort is
harvested. Selective includes individual tree, small group, pre-commercial, and postcommercial thinning types of harvest. Seral stages; 1 = >0 to 10 years, 2 = 11 to 25
years, 3 = 26 to 75 years, 4 = 76 to 125 years, and 5 = >125 years.

Forest Type

Seral
Stage Location

# Study
Std
Sites Mean Error

Min Max

Disturbance-Succession Type: Natural
Larix
2
Asia
Larix
3
Asia
Picea
5
Europe
Pinus
4
Europe
Pinus
5
Europe
Picea-Abies
5
Europe
Picea-Pinus
4
Europe
Picea-Pinus
5
Europe

1
4
7
2
7
1
1
19

0.2
8.3
16.2
12.4
31.7
51.6
40.0
19

.
4.7
3.5
4.3
8.9
.
.
4.0

Picea-Betula

5

Europe

1

10.8

.

Populus
Populus

4
5

Europe
Europe

1
1

19
12

.
.

19
12

19
12

Disturbance-Succession Type: Cutblock
Picea
1
Europe
Picea
2
Europe
Picea
3
Europe
Picea
5
Europe

2
2
6
3

0.0
0.2
0.8
0.8

0.0
0.2
0.4
0.3

0.0
0.0
0.0
0.1

0.0
0.4
2.0
1.2

Disturbance-Succession Type: Selective
Picea
4
Europe
Picea-Pinus
5
Europe
Pinus
1
Europe
Pinus
2
Europe
Pinus
3
Europe
Pinus
4
Europe
Pinus
5
Europe

3
5
2
1
1
2
1

2.0
7
0.7
0.1
0.3
8.0
11.1

1.0
1.1
0.1
.
.
1.0
.

1.0 4.0
5
11
0.6 0.7
0.1 0.1
0.3 0.3
7.0 9.0
11.1 11.1

4

0.2
0.1
5.4
8.1
4.3
51.6
40.0
3

0.2
19.0
31.0
16.6
70.0
51.6
40.0
60

10.8 10.8

Linder 1986, Syrjanen et al. 1994, Jaakola 1995, Linder et al 1997, Sturvescant et al.
1997, Kuuluvainen et al. 1998, Linder 1998, Linder & Ostlund 1998, Rolstad et al.
1998, Sippola et al. 1998, Kouki & Vaananen 2000, Siitonen et al. 2000.
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Table 5.3
Mean densities (snags per ha) of snags (>7.6 cm dbh) reported for
various boreal forest types in Asia, Europe, and North America. Means, and
distributional properties were based on values reported in original citations5 or
provided by authors. Natural refers to insect, wildfire, or unknown natural standorigins. Cutblock (<20% residual) refers to stands that were cut and then left until the
regenerating cohort is harvested. Selective includes individual tree, small group, precommercial, and post-commercial thinning types of harvest. Seral stages; 1 = >0 to 10
years, 2 = 11 to 25 years, 3 = 26 to 75 years, 4 = 76 to 125 years, and 5 = >125 years.

Forest Type

Seral
Stage Location

# Study
Sites
Mean

Std
Error

Min

Max

Disturbance-Succession Type: Natural
Picea
1
North America
Picea
2
North America
Picea
3
North America
Picea
4
North America
Picea
5
North America
Pinus
5
Europe
Pinus
5
North America
Picea-Pinus
5
North America
Picea-Pinus
5
Europe

1
3
5
4
2
2
4
1
4

286
28
41
101
154
77
22
225
107

.
11
9
10
62
20
20
.
48

286
13
16
79
92
57
1
225
3

286
50
61
126
215
97
82
225
233

Picea-Populus
Picea-Populus
Picea-Populus
Picea-Populus
Pinus-Populus
Pinus-Populus
Pinus-Populus
Pinus-Populus

2
3
4
5
2
3
4
5

North America
North America
North America
North America
North America
North America
North America
North America

2
3
2
2
2
2
2
1

16
69
106
118
52
52
200
30

3
14
11
83
1
8
54
.

13
45
95
35
51
44
146
30

19
95
116
200
53
59
253
30

Populus
Populus
Populus
Populus
Populus

1
2
3
4
5

North America
North America
North America
North America
North America

5
6
52
31
20

197
55
83
89
97

128
17
11
9
20

36
25
0
21
20

706
129
340
273
410

5

Parker & Parker 1983, Westworth et al. 1984, Lang 1985, Gibbs et al. 1993,
Hofgaard 1993, Westworth & Telfer 1993, Esseen 1994, Syrjanen et al. 1994, Farr
1995, Pojar 1995, Lee et al. 1997, Linder et al 1997, Norton 1997, Norton & Hannon
1997, Sturvescant et al. 1997, Whitaker & Montevecchi 1997, Kneeshaw & Burton
1998, Kuuluvainen et al. 1998, Linder 1998, Sippola et al. 1998, Song 1998, Tittler
1998, Jung et al. 1999, Verbisky & Sykes 1999, Crites 2000, Grief & Archibold 2000,
Hanus et. al. 2001, Hobson & Bayne 2000, Kouki & Vaananen 2000, Lee et al. 2000,
Setterington et al. 2000, Siitonen et al. 2000, Sorensen 2000, Harper & MacDonald
2001.
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Forest Type

Seral
Stage Location

Std
Error

Min

Max

Disturbance-Succession Type: Cutblock
Picea
1
North America
Picea
2
North America
Picea
3
North America
Picea-Pinus
1
Europe
Picea-Pinus
2
Europe
Picea-Pinus
3
Europe
Pinus
1
North America

1
1
1
1
1
1
4

2
4
4
1
0
0
3

.
.
.
.
.
.
1

2
4
4
1
0
0
2

2
4
4
1
0
0
4

Picea-Populus

1

North America

1

0

.

0

0

Populus
Populus
Populus

1
2
3

North America
North America
North America

7
2
1

5
15
40

2
15
.

2
0
40

20
31
40

2
1

45
1

6.35
.

39
1

51
1

Disturbance-Succession Type: Selective
Picea-Pinus
5
Europe
Pinus
1
North America

The greatest density of snags
occurs immediately after
wildfires and reflects the
density of trees in the pre-burn
stand.

# Study
Sites
Mean

large snags. The falldown rate for snags is greatest immediately following
wildfire. The rate can be as high as 5.6% in the first years after wildfire
(Hanus et al. 2001). Hanus et al. also found that snags from high intensity
fires were less prone to falldown than those from low intensity burns. They
argued that high intensity burns tended to fire harden the outside of the snag
making the bole structurally stronger.
Disturbance-Succession Template

The match between wildfire
and harvest stands is very poor
over the entire initiation stage.
Wildfire stands can have two
orders of magnitude more
snags than harvest stands.

In general, there was a very poor match in snag volumes and densities
between snag wildfires and harvest for the initiation stage. A number of
studies6 have found that densities were at least a hundredfold less for harvest
than wildfires (Table 5.2). The mean density for snags from North American
aspen studies was 5 (2 SE) snags per ha while spruce and pine studies in
Europe and North America exhibited means from 1 to 3 snags per ha
depending upon forest type. These values indicate that many of the snags
present prior to harvesting were knocked over or fall shortly after harvesting.
Hanus et al. (2001) estimated a fall rate of 5.5% per annum for snags left in a
structured cutblock (~6% merchantable timber leave). This rate was 2.7 times
6

The data reported for ‘harvest’ were from studies representative of operational
harvest practices (<20% retention). Other data for experimental harvest strategies
were not reported.
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greater than residual trees. Furthermore, leaving snags within groups of
residual material did not decrease the falldown rate. Given the high rate of
falldown, there was relatively little input of snags directly from the predisturbance stand, hence, most were derived from post-harvest sources
(Figure 5.1).

Snags from wildfire stands
are scorched and have a
different form and surface
composition than those in
harvest. The latter are
derived primarily from the
self-thinning or mortality of
old trees.

A secondary source of snags is from live trees left after harvest (Figure 5.1).
The densities of snags after harvest are dependent upon the amount of residual
material left in the block and the age of the forest. High residual cutblocks or
selective harvest will leave more snags than current clearcut or structured
cutblock strategies. Older stands usually have higher densities of large trees
(Table 5.1). The recruitment of snags from this source is dependent upon the
mortality of trees. Although there are data on the falldown rates for residuals,
there are no data on the mortality rate of residual trees. It is likely to be
relatively low, hence snags may not accumulate significantly from this source
until the establishment or aggradation seral stages.
Decay profiles of snags from wildfire and harvest stands emphasized the
differences between these two disturbance agents (Lee et al. 2000). Scorching
of the bark by wildfires often caused the bark to slough off shortly afterwards.
The remaining snag retained a fire-hardened surface. Snags in harvest stands
were a subsample of the predisturbance stand. These snags were created by a
combination of disease, natural physical damage (e.g. wind snap or frost), or
competition. In general, harvest snags retained their bark. The bark served to
retain moisture on the sapwood, hence, the wood did not harden or become as
brittle as wildfire snags. This was reflected in the higher blowdown rates of
snags within harvest blocks (Hanus et al. 2001).
Old Seral Template

The density of snags after
harvest is dependent upon the
amount of total residual left
behind.

Like large trees, the degree of similarity for harvested blocks to old seral
stages is a function of the total amount materials left behind. Though no
densities are available through the literature on high retention systems,
densities of snags should be proportional to the area retained. As an example,
50% retention would lead to approximately ~ 50 snag per ha in the initiation
stage of aspen forests in North America.
Establishment Stage: 11-25 Years Post-Disturbance

Snags continue to decline
rapidly during the
establishment seral stage. The
primary sources in natural
stands are fire-killed snags.
During the establishment
stage, the densities of snags in
disturbance-succession (DS)
template stands and wildfire
stands become similar.
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The establishment stage of natural succession was characterized by a large
decline in snag density from initiation. For spruce in North America snag
densities were about 10% lower (~13 to 50 snags per ha; Table 5.3) than those
in the initiation stage. For spruce-aspen mixedwood densities ranged from 13
to 19 snags per ha while pine-aspen mixedwoods had densities of about 51 to
52 snags per ha. The mean across aspen studies was 55 snags per ha with a
range of 17 to 129 snags per ha.
During this stage in wildfire stands, the population of snags is still dominated
by fire-killed snags. However, these snags are beginning to decline and are
replaced through the mortality of trees that survived the fire (Figure 5.1).
Input from the death of regenerating trees is relatively minor. The diameter of
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the regenerating trees is still relatively small. The magnitude of these latter
sources is much less than the initial input of fire-killed trees.
Disturbance-Succession Template
During this seral stage, differences between the wildfire and harvest stands
decline. Mostly, due to falldown of snags in wildfire stands. Densities in
harvest stands were similar to wildfire stands due to the death of residual trees
(Figure 5.1). Mean densities for North American aspen were 15 (2 SE) snags
per ha while a white spruce study recorded a density of 4 snags per ha (Table
5.3; Verbisky & Sykes 1999). The density for European spruce and pine
clearcuts and selective harvest studies varied from 0.1 to 0.2 m3 per ha.
Because of recruitment from the death of residual trees, greater levels of
retention should subsequently lead to greater densities of snags. If the density
of residual trees is sufficiently large then harvest stands can match or exceed
the density of snags in wildfire stands in the later seral stages.
Old Seral Template

No data exists for high
residual harvest stands but the
residual areas should continue
to support a similar density of
snags as was left at harvest.
Regenerating areas can only
contribute small-diameter
snags through self-thinning.

During the aggradation stage,
the regenerating cohort
undergoes self-thinning of
larger diameter trees and
begins to input large snags.
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No data exist on the density of snags in high residual harvest stands within the
establishment stage. There is likely to be some recruitment of snags from the
mortality of trees along the edges of small groups or strips (Figure 5.2). It is
unlikely this will make up for the snags lost during harvesting. However, high
residual harvest stands may still retain their old seral biota provided that snag
loss from small groups or patches is equivalent to recruitment from the
mortality of trees.
Aggradation Stage: 26-75 Years Post-Disturbance
Overall, the density of snags increased from the previous seral stage. The
mean density of snags aspen stands from different North American studies
was 83 (11 SE) snags per ha (Table 5.3). Means from mixedwood spruceaspen and pine-aspen studies were similar to aspen, 69 (14.5 SE) and 52 (8
SE) snags per ha, respectively. White spruce studies exhibited a lower mean
41 (9 SE) snags per ha.
There are a number of explanations for the increased densities during this
stage. The contribution of fire-killed trees from the stand-initiating wildfire is
declining but still makes a significant contribution in the early years of this
seral stage (Figure 5.1). Nonetheless, there are significant declines by the end
of this seral stage. Lee et al. (1997) demonstrated that in 25-30 year-old
stands that approximately 53.9% of snags were derived from fire-killed trees.
This percentage declined to 5.8% in 50 to 60 year-old stands. The loss of firekilled trees is compensated and may be enhanced by inputs from the death of
trees from the regenerating cohort. The density of live aspen exhibits a steep
exponential decay with stand age, at first due to self-thinning within clones
and later among clones (Sandberg 1951, Turlo 1963, Mueggler 1994).
Typically, less vigorous small diameter stems die first, particularly in the first
stages of self-thinning within clones. As clones begin to compete amongst
each other, the decline in stem density decreases and the stems that die are
generally larger in diameter.
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Disturbance-Succession Template
There is no empirical data for
cutover areas in this stage.
Densities of snags from DS
harvest stands are likely to be
similar to wildfire stands.
However, decay profiles are
different. Wildfire stands have
a distribution skewed towards
more decayed snags while DS
harvest stands are relatively
even or across all decay classes
or skewed towards lower decay
classes.

There were fewer harvest data sets than those for wildfire. In general,
widespread commercial harvest of boreal forests is less than 40 years and the
aspen component is much less than 25 years in Canada. Overall densities were
slightly lower for harvest stands. Lee and Crites (1999) reported a 28 year old
harvest stand as having 40 snags per ha while Verbisky and Sykes (1999)
reported a snag density of 4.3 snags per ha from 30 year old white spruce
stands. Both studies were from Alberta. As the transition from disturbance
legacy snags to regeneration snags continues, the dynamics of wildfire stands
begins to become more similar to harvest stands (Figure 5.1). The decay
profile of snags differs between wildfires and harvest stands. Lee et al. (1997)
demonstrated that snags derived from wildfires were more decayed than those
from harvest stands.
Old Seral Template

With the old seral (OS)
template, there is often a
second entry to either remove
commercial trees from uncut
areas in the first entry. This
can potentially create a stepped
decline in the density of snags.
Continuing a cycle of midseral entries (even for precommercial thinning) can
eventually “ratchet-down” the
density of snags.

In Europe, harvesting of high residuals has a much longer history. Volumes of
0.8 (0.4 SE) and 0.3 m3 per ha, were reported for spruce and pine forests,
respectively. We found no studies measuring comparable seral stages of
natural stands, however, these values were 10-20 m3 per ha less than older
natural stands.
A second entry creates a stepped decline in the density of snags (Figure 5.2).
Thereby, increasing the difference between old seral and high retention
harvest stands. The magnitude of the decline will depend on the changes
snags in snag density from the uncut portion of the first entry and the extent of
the second entry. If snag densities increase significantly after the first cut,
then these may offset losses from the second entry. This is unlikely to occur
because cutover areas from the first entry are still too young to contribute
large snags.
Further entries have the potential of continuing to incrementally decrease the
snag density. This applies whether the entries are pre-commercial thinning or
commercial entries. Pre-commercial entries remove trees that would
otherwise die and become snags. Number of entries, intervals between entries,
and snag recruitment/losses should be modeled and the impacts of various
harvest scenarios explored. This would help determine an acceptable harvest
schedule for maintaining a threshold density of snags comparable to old seral
stages.
Mature Stage: 76-125 Years Post-Disturbance

The mature stage exhibits a
slowing in the increase of snag
densities and the end of snags
from self-thinning of the
regenerating cohort.
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In the mature seral stage, the density of snags increased from the aggradation
stage (Table 5.2). Studies in aspen stands exhibited a mean density of 89 (9
SE) snags per ha. Mixedwood and conifer studies had greater densities but
there were fewer studies (Tables 5.2 and 5.3). Spruce-aspen studies in North
America recorded densities of 106 (11 SE) snags per ha while pine-aspen
mixedwood stands had a mean of 200 (54 SE) snags per ha. North American
measurements in spruce stands had a mean of 101.3 (10 SE) snags per ha.
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Although some snags are recruited from thinning of smaller sized trees an
increasing proportion of snags are being recruited from the death of large
canopy trees (Figure 5.1). The loss of large, canopy trees signals the transition
from a relatively even-aged, homogenous canopy structure to an uneven aged,
heterogenous canopy structure. The process is commonly referred to as
“canopy break-up” and generally signals the onset of old seral characteristics.
There is no data for cutover
areas in the mature stage. It is
likely that DS harvest and
wildfire stands are relatively
similar. However, DS harvest
stands will be cut by the end of
this stage.

Disturbance-Succession Template
Like the aggradation stage, there was no data for harvest stands at this stage.
It is likely that snag densities in harvest and wildfire stands will be similar.
Both are reliant on the regenerating cohort of trees for recruitment. Scheduled
harvest for aspen occurs early in this seral stage (~70 years). Delaying the
harvest until later in the mature stage or old seral stage would extend the
period that a high density of snags could be retained.
Old Seral Template

Examples of repeated entry
from Europe have
demonstrated a loss of snags.

In comparison to wildfire stands, there are no data in North America for
harvest stands from the mature seral stage. Europe has a longer history of
repeated entry harvest and it is worthwhile examining their data. In general,
harvest stands exhibited between 3 to 15x declines in the volume of snags in
comparison to wildfire stands. For example, Rolstad et al. 1998 found a mean
of 2.0 (1.0 SE) m3 per ha from selectively and clearcut stands in Finland. A
combination of a long harvest history and specific harvest practices account
for the differences between harvest and wildfire stands in Europe. In
particular, selective logging by single tree (both commercial and noncommercial thinning) and small group selection has served to remove much of
the medium and large diameter deadwood. Neither of these practices is
currently widespread in Alberta.
Old-Growth Stage: >125 Years Post-Disturbance
The density of snags in old seral wildfire stands remained relatively
unchanged or increases slightly from the previous mature developmental stage
(Table 5.2 and 5.3). Studies in North American aspen stands exhibited a mean
of 97 (20 SE) snags per ha while spruce-aspen mixedwood had a mean
density of 118 (83 SE). Mean densities in spruce and pine stands in North
America were 154 (62 SE) and 22 (20 SE) snag per ha, respectively. The
reason for the relatively low values for pine are unclear. The range of values
detected from pine studies varied from 1 to 82 snags per ha. In European
studies, mean volumes varied from 16.2 (3.5 SE) and 31.7 (8.9 SE) m3 per ha,
for pure spruce and pine stands, respectively, to 51.6 and 19 (4.0 SE) m3 per
ha for spruce-fir and spruce-pine, mixedwoods respectively. Natural
deciduous-dominated and deciduous-conifer mixedwood stands had lower
volumes than conifer-dominated stands. Aspen-dominated stands were 12.0
m3 per ha while spruce-birch stands were 10.8 m3 per ha.

ALBERTA RESEARCH COUNCIL

5-19

Disturbance-Succession and Old Seral Templates

One defining characteristic of
old seral stages is a relatively
high densities of large
diameter snags.

Like the mature stage, there were no comparable harvest data sets from old
seral stages. With the current rotation ages, it is unlikely that harvest stands
under the disturbance-succession template will reach this age. High residual,
repeated entry systems would reach old seral ages. However, this would be in
age only. The previous harvesting schedule will, in all likelihood, greatly alter
the stand structure. Again, it may be worthwhile to review data from boreal
Fennoscandia to forecast the potential outcomes of this type of forestry.
Studies from harvested spruce, spruce-pine and pine stands reported values of
0.8 (0.3 SE), 7.0 (1.1 SE), and 11.1 m3 per ha respectively. These values are
generally lower than the values from natural stands (Table 5.2).
DOWNED WOODY MATERIALS (DWM)

Immediately after wildfires,
there is a decline in the
amount of downed woody
materials because of losses due
to combustion.

Initiation Stage: 0-10 Years Post-Disturbance
There were relatively few studies on the amounts of DWM immediately after
boreal wildfires. Lee and Crites (1999) reported volumes of 57.2 m3 per ha
(22.0 SE) in aspens stands in Alberta while Verbisky and Sykes (1999) found
only 3.0 m3 per ha in spruce stands. Wildfires tend to consume pre-existing
DWM by combustion of forest floor fuels and charcoaling even large
diameter logs (Quintilio et al. 1991). Wildfires of moderate to high severity
may mineralize large amounts of living and dead organic biomass on the
forest floor creating a flush of nutrients (Woodmansee & Wallach 1981). The
overall effect was lower amounts of DWM in the initiation stage than in the
pre-disturbance seral stage (Figures 5.3 and 5.4).
Disturbance-Succession Template

Both DS and OS harvesting
add downed woody materials to
the forest floor.

The amount of DWM produced by low residual harvesting is likely to exceed
these in wildfires (Figure 5.3). Studies of North American aspen stands had a
mean volume of 106 (20.6 SE) m3 per ha while Verbisky and Sykes (1999)
found a mean of 18.0 m3 per ha in spruce stands. European studies indicated
lower volumes for harvested pine and spruce stands, 24.5 (2.2 SE) and 18.8
(1.7 SE) m3 per ha. Unlike wildfires, there is no consumption of predisturbance DWM during harvest but these stands may exhibit pulsed input of
DWM from on site-processing of trees, i.e., removal of butt ends and tops,
branches, and incidental damage and falldown of whole trees (Figure 5.3).
This is a potentially important difference between harvest and wildfire stands.
DWM from wildfire stands was concentrated in the later decay stages (Lee &
Crites 1999). In contrast, DWM in one year-old harvest stands exhibited a
broad profile of decay classes with greater volumes of early decay stages.
Old Seral Template

By the establishment stage,
wildfire-origin stands begin to
accrue downed woody
materials through the falldown
of snags.
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There was no empirical from high residual studies. In high residual stands,
pre-harvest DWM is likely to be the major source of DWM (Figure 5.4). The
proportion within the uncut areas remains the same. There are some gains
from the falldown of trees from patch edges and harvesting debris. However,
gains in DWM must be balanced against losses from crushing by machinery
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Pre-harvest or wildfire DWM

Wildfire
Disturbance-Succession
Template Harvest

Harvest DWM

Mortality of residual trees in wildfire and harvest
stands

Fire-killed trees and snags

Mortality of regenerating cohort in
wildfire or harvest stands

Initiation
0 to 10 yrs

Establishment
11 to 25 yrs

Aggradation
26 to 75 yrs

Mature
80 to 125 yrs

Old
>125 years

Seral Stage

Figure 5.3
Schematic diagram comparing the seral stage changes in the relative
quantity of downed woody materials between wildfire- and harvest-origin (~low
residual) stands. Comparable wildfire seral stages are the standard for using a
disturbance-succession template for coarse-filter management of timber harvest. The
width and shading of arrows indicates the relative importance and contribution of
each source with changes in seral stages.

ALBERTA RESEARCH COUNCIL

5-21

Old Seral Stage
Old Seral Template
Harvest

Harvest DWM
Pre-harvest DWM
Falldown of residual snags and trees in harvest stands

Falldown of snags and trees in natural old seral stage

Harvest Entries

Initiation
0 to 10 yrs

Establishment
11 to 25 yrs

Aggradation
26 to 75 yrs

Mature
80 to 125 yrs

Old
>125 years

Seral Stage
Figure 5.4
Schematic diagram comparing the hypothetical development curves
for changes in downed woody materials (DWM) between harvest (~high residual) and
natural old seral stages. Natural old seral stages are the standard for comparison when
using an old seral template for coarse-filter management of timber harvest. The
arrows indicate the sources of DWM from both disturbance types. The width and
shading of arrows indicates the relative importance and contribution of each source
during development. Note the successive loss of DWM from residual trees and snags
with each stand entry for harvest. See text for explanations.
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traffic. Sorensen (2000) found that machinery traffic could play a significant
role in reductions of pre-harvest DWM and those created by harvest. In
particular, large diameter material was lost due to crushing by machinery.
Establishment Stage: 11-25 Years Post-Disturbance
The decline in DWM after wildfires was relatively short-lived (Figure 5.3).
The high falldown rate of snags produces a pulse of DWM and begins an
accumulation process that continues with the stand until at least the mature
seral stages. The early pulse of snags created by wildfires is transformed into
a pulse of DWM by the establishment seral stage. Input of DWM from the
falldown of unburned residuals during this seral stage is relatively minor.
Across North American aspen studies, 110.5 (21.4 SE) m3 per ha of DWM
was reported. Aside from old seral stages, this represented the greatest amount
of DWM present over the seral development of aspen stands. Verbisky and
Sykes (1999) reported 22.0 m3 per ha (Table 5.4) for spruce stands in Alberta.
For European pine and spruce stands, the means from each study ranged from
3.5 to 33.0 m3 per ha for wildfire-origin stands.
Disturbance-Succession Template
Unlike wildfire stands, the input of materials at the time of harvest is
beginning to decline. The mean volume for studies within aspen stands was
61.4 (10.9 SE) m3 per ha.

Quantities of downed woody
materials in DS stands declines
rapidly with the decay of
harvest debris.

The amount of DWM left at the time of harvesting was relatively small in
diameter and/or decayed, i.e. non-merchantable. Within 14 year-old stands
>90% of the total volume was found in the advanced state of decay (Lee &
Crites 1999). During this stage, the only recruitment of DWM was the
falldown of residual trees. Unlike snags which have the potential of matching
wildfire stands, DWM in harvest stands received no recruitment from firekilled snags (Figure 5.3). Fire-killed snags which produced the pulse of DWM
in wildfire stands are absent from harvest stands. Without this source, the
amount of DWM in the middle seral stages of harvest stands continued to
decline.
Old Seral Template

OS template harvest stands
retain relatively high amounts
of downed woody materials
through the establishment
stage.
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There was no empirical data for high residual cutblocks. The similarity
between old seral stage and this stage is a function of the amount of residual
area left at harvest. Old seral and harvest stands should be relatively similar
provided there is no pre-commercial thinning during this seral stage.
Regenerating trees are still too small to make a significant contribution to
DWM at this stage.
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Table 5.4
Volume of downed woody materials (m3 per ha; >1.0 cm dbh)
reported for various boreal forest types in Asia, Europe, and North America. Means,
and distributional properties were based on values reported in original citations7 or
provided by authors. Natural refers to insect, wildfire, or unknown natural standorigins. Cutblock (<20% residual) refers to stands that were cut and then left until the
regenerating cohort is harvested. Selective includes individual tree, small group, precommercial, and post-commercial thinning types of harvest. Seral stages; 1 = >0 to 10
years, 2 = 11 to 25 years, 3 = 26 to 75 years, 4 = 76 to 125 years, and 5 = >125 years.

Forest Type Seral Stage Location

# Study
Sites Mean

Std
Error

Min

Max

Disturbance-Succession Type: Natural
Picea
1
North America
Picea
2
North America
Picea
3
North America
Picea
5
Europe
Pinus
4
Europe
Pinus
5
Europe
Picea-Abies
5
Asia

1
1
1
14
1
11
1

3.0
22.2
24.3
66.0
50.0
36.8
117.3

.
.
.
11.7
.
8.2
.

3.0
22.2
24.3
13.3
50.0
11.3
117.3

3.0
22.2
24.3
166.0
50.0
71.0
117.3

Picea-Pinus
Picea-Pinus
Picea-Pinus
Picea-Pinus

3
5
5
5

North America
Asia
North America
Europe

2
2
7
26

90.0
10.3
102.9
24.6

20.0
5.7
12.4
4.5

70.0
4.6
60.0
0.8

110.0
15.9
140.0
72.0

Picea-Betula
PiceaPopulus

5

Europe

3

37.0

12.1

19.0

60.0

4

North America

1

41.8

.

41.8

41.8

Populus
Populus
Populus
Populus
Populus
Populus

1
2
3
4
4
5

North America
North America
North America
Europe
North America
North America

3
5
6
3
12
4

57.2
110.5
92.7
48.7
27.4
90.3

22.0
21.4
9.1
18.5
9.3
14.4

14.0
61.3
62.2
16.0
0.6
58.0

86.0
169.4
118.8
80.0
110.0
124.3

Disturbance-Succession Type: Cutblock
Picea
1
Europe
Picea
2
Europe
Picea
3
North America

2
1
1

35.0
33.0
23.6

1.0
.
.

34.0
33.0
23.6

36.0
33.0
23.6

7

Jonsson & Esseen 1990, Andersson & Hytteborn 1991, Hofgaard 1993, Siitonen
1994, Jaakola 1995, Edenius & Elmberg 1996, Lee et al. 1997, Linder et al. 1997,
Sturvescant et al. 1997, Clark et al. 1998, Kuuluvainen et al. 1998, Linder 1998,
Rolstad et al. 1998, Sippola et al. 1998, Song 1998, Verbisky & Sykes 1999, Hobson
& Bayne 2000, Kouki & Vaananen 2000, Lee et al. 2000, Setterington et al. 2000,
Siitonen unpubl. in Siitonen et al. 2000, Sorensen 2000.
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Forest Type Seral Stage
Picea
3
Picea
1
Picea
2
Pinus
3
Picea-Pinus
2

Location
Europe
North America
North America
Europe
Europe

Populus
Populus
Populus

North America
North America
North America

1
2
3

# Study
Sites Mean
6
18.8
1
18.0
1
22.0
2
4.0
2
3.5

Std
Error
1.7
.
.
1.0
3.1

Min
15.0
18.0
22.0
3.0
0.4

Max
27.0
18.0
22.0
5.0
6.6

4
4
3

106.0
61.4
64.0

20.6
10.9
10.6

48.7
30.3
43.3

143.0
81.1
78.6

Disturbance-Succession Type: Selective
Picea
4
Europe
Pinus
1
Europe
Pinus
2
Europe
Pinus
3
Europe
Pinus
5
Europe
Picea-Pinus
3
Europe
Picea-Pinus
4
Europe
Picea-Pinus
5
Europe

3
4
2
2
1
1
3
4

14.0
24.5
10.6
12.7
24.0
11.0
8.3
16.3

1.5
2.2
2.7
2.0
.
.
1.3
5.0

11.0
19.5
7.9
10.7
24.0
11.0
7.0
10.0

16.0
30.3
13.3
14.7
24.0
11.0
11.0
31.0

Picea-Betula

1

8.0

.

8.0

8.0

5

Europe

Aggradation Stage: 26-75 Years Post-Disturbance
The quantity of downed woody
material in wildfire-origin
stands is relatively unchanged
from the previous seral stage,
however, the source of
material is switching from firekilled snags to regenerating
trees.

Studies from wildfire stands indicated a mean volume for aspen stands of 92.7
(9.1 SE) m3 per ha. For North American pine and spruce stands, mean
volumes of 90.0 (20.0 SE) and 24.3 m3 per ha, respectively were reported.
During this seral stage, DWM in wildfire stands shifted from the falldown of
snags to an accumulation of materials from residual trees and snags and
regenerating cohort of trees (Figure 5.3). Estimates from 30 year-old stands
indicate that approximately 79% of materials were derived from the stand
initiating materials. By 50 to 60 years of age, volumes of pre-disturbance
materials dropped to 65.7% (Lee et al. 1997). Throughout this period, there
was relatively little change in the total volume of downed wood.
Disturbance-Succession Template
By this seral stage, most of the materials left after natural disturbancesuccession harvest have decayed and DWM input is largely limited to
falldown of residual materials or self-thinning of the regenerating cohort.
Over the early portion of the aggradation seral stage, the mortality and
falldown of live trees left at harvest is likely to be the primary source of
DWM. Though self-thinning occurs within the first years after disturbance,
the sizes of DWM lags behind the leading edge of the regenerating cohort.
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Smaller trees are usually lost during the self-thinning process. By the middle
of the aggradation stage (~40 years), DWM produced by self-thinning of trees
is >10 cm dia. If amounts left at harvest are reasonably large then the decline
of DWM during this phase will be much lower. It is unlikely that harvested
stands would begin to accumulate medium and large pieces of DWM until 5060 years stand age. Studies from harvested aspen and spruce in North
America indicated means of 64.0 (10.9 SE) and 23.6 m3 per ha, respectively
(Table 5.4). These are about 30% lower than comparably aged wildfire-origin
stands.
Old Seral Template

Less downed woody material is
present under both harvest
scenarios. The drop is less
(~30%) with single-entry
harvest systems with a >70
year rotation. Repeated-entry
harvest systems are likely to
lead to greater losses.

With the old seral template, the amounts of DWM can remain relatively high
if there is no mid-rotation harvest. DWM would continue to accrue in the
residual portion of the stand but be supplemented by inputs from the
regenerating portion. If a second entry for harvest occurs, then there is some
input from harvest operations but there will be a long-term loss because of the
removal of large trees from the residual portion (Figure 5.4). European studies
from pine stands indicated a mean value of 12.7 (2.0 SE) m3 per ha, for
repeated-entry harvest systems (Table 5.4). This is about 10% of the DWM
found in North American wildfire forests.
Under both forms of harvest, the relatively short rotation ages (70 to 90 years)
for aspen-dominated boreal forests strongly suggests that repeated cycles of
timber harvest would decrease both the deadwood structural component and
soil carbon within boreal forests. Although the impact of these components
may not be as initially dramatic as the initial snag density, successive cycles
of harvest could potentially lead to serious changes in biodiversity dependent
on DWM. These include changes in communities, local extirpations, additions
to species-at-risk lists, and in some cases, extinction (see Chapters 6-9 for
details). This has been the legacy in other boreal forests with longer histories
of repeated entry and multiple rotation harvest (Haapanen 1965, Berg et al.
1994, Rydin et al. 1997, Ostlund et al. 1997, Linder & Ostlund 1998).
Mature Stage: 76-125 Years Post-Disturbance

The mature stage of wildfireorigin stands has the least
amount of downed woody
material.

Mature stands had the lowest amount of DWM in both natural- and harvestorigin stands. The mean volume across aspen studies in North America and
Europe were 48.7 (18.5 SE) and 24.7 (9.3 SE) m3 per ha, respectively.
Interpretation for conifers was more difficult because of the lack of data. For
the few studies on mixedwoods and conifers, Song (1998) reported a mean
volume of 41.8 m3 per ha for aspen-spruce mixedwoods in Alberta while
Linder et al. (1997) found a mean of 50.0 m3 per ha for spruce-pine systems in
Europe.
Disturbance-Succession and Old Seral Templates

There are very few datasets for
either DS or OS harvest types.
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For the mature seral stage, no datasets were found for harvested, deciduous,
mixedwood, or conifer boreal systems in North America. Datasets from
Europe from repeated-entry, selective harvest systems strongly suggested
much smaller quantity of DWM than in wildfire stands. Studies from spruce
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and mixed spruce-pine stands reported means of 48.7 (1.5 SE) and 8.3 (1.3
SE) m3 per ha, respectively.
Old-Growth Stage: >125 Years Post-Disturbance
As wildfire-origin stands reach
old seral ages, they begin to
accrue large pieces of downed
woody material from the loss
of canopy trees.

Like snags, the presence of large quantities of DWM was a defining
characteristic of old seral stages. Volume of 90.3 (14.4 SE) m3 per ha and
102.9 (12.4 SE) m3 per ha was measured from aspen stands across boreal
North America (Table 5. 4). Volumes for European studies were considerably
less than in North America. The death of large canopy trees and slower decay
rates of large diameter material produced an accumulation of DWM in the old
seral stage. Means of 24.6 (4.5 SE) and 37.0 (12.1 SE) m3 per ha were
estimated from spruce-pine and mixed spruce-birch, respectively in
Fennoscandia. It is unclear whether these differences represent dissimilarities
in forest types between North America and Fennoscandia or whether forests
in Fennoscandia have a longer history of casual harvesting that goes
unreported.
Disturbance-Succession and Old Seral Templates

The only datasets available for
harvest stand that are >120
years from repeated-entry
systems in Europe. These
characteristically exhibit
lowered densities of downed
woody material.

Most of the harvest data for old seral stages were derived from forests that
utilize a repeated entry system of harvest. Results from Europe suggested that
these practices can allow some trees to reach old seral ages, however, the
DWM has been greatly reduced in these systems. A mean of 16.3 (4.5 SE) m3
per ha was reported from spruce-pine stands while 8.0 m3 per ha was
estimated from mixed spruce-birch stands. These values are approximately 710 times lower than those for natural-origin stands from North America and
about 2-4 times lower than natural-origin stands in Europe. Like the previous
mature stands, these studies suggested that the long-term impacts of repeated
entry harvest can lead to a long-term loss of DWM and associated biota.
CUTBLOCK AND RESIDUAL EDGES
There are a number of edge types in harvested boreal forest stands. These
include:
1. Cutover area and adjacent unharvested stands
2. Cutover area and residual patches
3. Double boundaries between riparian buffers, aquatic systems, and
cutover areas.

A variety of different edge
types are found within
cutblocks including cutblock
boundaries, patch to cutblock
edges, and riparian edges.
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The major difference between the edge at the stand boundary and residual
patch is the amount of uncut forest left on one side of the edge. In general,
edge effects dissipate with distance into the undisturbed forest (Figure 5.5).
Unharvested stands adjacent to cutblocks are sufficiently large to have some
interior forest areas be unaffected by edge effects. For patches or highly
fragmented forests, edge effects can reach side to side, thereby, affecting the
entire fragment or patch. Riparian buffers have a permanent edge facing the
aquatic system and a temporary edge created after timber harvest on the other
side. In most jurisdictions, the width of riparian buffers are narrow (Lee &
Smyth 2002). Because of the differences between patch edges and riparian
edges, the latter will be discussed in a separate section.
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Figure 5.5
Generalized curves for changes in the percent of microclimatic
attributes occurring within varying distances from cutover edges (after Chen et al.
1990, 1993).

Most of the current research
on edges focuses on
agricultural-woodlot edges.
Relatively little research has
been done on boreal edges in
harvest-regeneration systems.

The majority of the research on structural changes to edges has focused on
impacts occurring immediately after disturbance of stands or/and on relatively
permanent edges such as those between agricultural lands and woodland
patches (e.g. Palik & Murphy 1990). There are few long-term studies on
wildfire or harvested edges (Matlack 1994). Even fewer studies have been
done in boreal or Rocky Mountain forests of Alberta, hence, most of this
section will be drawn from other forest types.
Initiation Stage: 0-10 Years Post-Disturbance

The greatest changes to edges
occur in the first few years
after creation and are
generally responses to abiotic
changes.
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The most drastic changes to edges occur during the years immediately after
disturbance. Newly created edges have a greatly increased influx of solar
radiation (reviewed by Murcia 1995). This immediately alters parameters
driven by solar radiation including air temperature, soil temperature, litter/soil
moisture, and vapour pressure deficit. Other factors such as wind patterns and
soil moisture are also affected by edge creation. Across most forest types,
relative humidity and soil moisture were generally lower along forest edges.
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In contrast, air temperature, light levels, and air movement were greater in the
forested edge.
Due to the impact of solar
radiation, south-facing edges
exhibit greater microclimate
effects and structural changes
than north-facing edges.

Though examples exist from
other forested ecosystems,
there are currently no studies
on microclimate and few
studies on structural changes
to edge habitats in boreal
systems.

Changes in wind pattern over
the cutblock, increased
blowdown along edges,
changes in snow
accumulation, and increased
vapour pressure are the result
of wind movement along edges.

Edge aspect significantly affects those parameters driven by direct solar
radiation and wind (Wales 1972, DeWalle & McGuire 1972, Swift & Knoerr
1973, Ranney 1977, Chen et al. 1992). In northern latitudes, greater amounts
of radiation fall on south-facing than on north-facing edges. The ability of
light to penetrate into forest interiors depends upon the height to canopy,
canopy height, and solar angle of the suntrack. Greater heights to canopy,
taller canopies, and lower angles, i.e. greater latitudes or seasonal differences,
allow for deeper penetration of light into understories. Relatively sparse side
canopies also tend to allow more light than coniferous canopies because of the
thinner and higher canopies. In boreal stands, this is likely to lead to greater
responses to edges created by harvesting stands adjacent to deciduous stands.
In Pacific Northwest forests of the United States, the forest interior exhibited
lower daily air and soil temperatures, wind velocity, and short-wave radiation
in forest interiors than in clearcuts (10-15 years) or along edges. Soil and air
moisture were greater in forest interiors than either clearcuts or along edges.
South-facing edges behaved differently for solar radiation, soil moisture, and
relative humidity than did north-facing edges. However, the edges were not
uniform in the increase or decrease of values. Variation was due to
unevenness in the configuration of edges and importance of orientation. Based
partially on this variability and the uniqueness of edge architecture, Chen et
al. (1995) further argued that it is worthwhile to consider edge habitats as
being distinct from interior or the disturbed habitats. For a number of features,
the edge can be considered transitional with intermediate properties between
the disturbed and interior habitats. However, a number of features such as
maximum daytime temperature and relative humidity, mean soil moisture, and
light variability were greatest along the edge. Hence, the uniqueness was not
merely transitional. It is unclear to what degree these general results on
microclimate apply to boreal forests. A generally colder, drier climate can
mean that even small changes in solar radiation may result in a relatively large
response in microclimate.
Creation of edges opens previously unexposed vegetation to the effects of
wind. Residual patches create a barrier to wind flow over the cutblock. If we
consider patches as a semi-permeable barrier, then there should be a slight
decrease in wind speed on the windward side of the edge and an extended
shadow of decreased wind speeds on the leeward side of residual patches
(Kittredge 1948). The length of the shadow is a function of the height of the
canopy and the permeability of the patch. The permeability of the understorey
to airflow may remain relatively high until the development of a side canopy.
Increased blowdown is the most apparent effect of edges. Crites (2000) and
Hanus et al. (2001) reported greater falldown rates on the north and northeast
edges of residual patches. Secondary wind effects potentially include drifting
and piling of snow along the edges predominantly on the disturbed side and
increased vapour pressures created by air movement and increased
temperature (e.g. Matlack 1993). Given the importance of wind and snow
patterns in boreal Alberta, there should be more research given to the impact
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of wind on residuals particularly in for guiding the placement of residuals
within cutblocks to reduce wind effects.
Though some factors can
increase soil moisture along
edges, empirical evidence
suggests that most edges are
drier than forest interiors.

The impact of microclimate
changes, particularly increased
solar radiation supports the
development of forbs, shrubs,
saplings, and trees into a side
canopy. A side canopy
mitigates some of the
microclimate effects along the
edge. Its persistence depends
upon the regeneration of the
adjacent cut stand.

An impact of edges on patterns of soil moisture is less well understood than
other effects. A number of mechanisms may add moisture to edges (reviewed
in Ranney 1977). If edges collect snow, then these areas should receive an
input during snow melt in spring. Interception of wind-driven rains by side
canopies can add to soil moisture along the drip line of the canopy. Newly
created cutblocks have an increased water yield that may benefit edge
vegetation whose roots extend into the cutover areas. Lastly, the additional
water yield may flow directly via surface or ground water through to the edge
and into the adjacent forest. On the other hand, the impacts of greater
moisture availability maybe negated by greater radiation and vapour pressure
present along edges. Empirical evidence suggests the latter is true. Matlack
(1993, 1994) found that litter moisture on external south-facing edges was
lower than the forest interior in Piedmont forests in the eastern United States,
however, litter moisture along north-facing edges was similar to forest
interiors. Similarly, Chen et al. (1995) found that soil moisture was lower on
south-facing edges but greater or the same as the forest interior for other
aspects.
Following the changes to microclimate particularly light levels, edge
vegetation differs from interior vegetation. Barick (1950) first reported on
forest edges in detail. He focused on the transition between different forest
types and particularly noted the increased abundance of understorey along
edges as compared to forest interiors. Increased light, temperatures, and
potentially moisture produced a rapid response by an understorey previously
suppressed by the canopy. Greater species richness and higher densities of
shrubs and saplings have been reported in a number of forest edges (Gysel
1951, Ranney et al. 1981, Chen et al. 1992).
Eventually, the additional growth and abundance of vegetation creates a side
canopy. A vigorous side canopy may “seal” the edge from many of the
microclimate changes present immediately after creation of the edge. Miller
(1975) argued that the side canopy could create a secondary edge. In contrast
to the outer edge, the side canopy blocks solar radiation and wind producing a
darker, more humid microclimate inside the patch. He suggested that side
canopies effectively can restrict most of the impacts of forest edges to the first
few meters. He demonstrated a shadow effect (~5 m) in stands with a
developed side canopy. In contrast, Matlack (1993) found no such effect
amongst forests adjacent differently to aged edges. In one of few studies in
the boreal forest, Harper (1999) quantified changes to vegetation and forest
structure along 1-16 year-old edges between cutblocks and forested reserves.
Downed woody material, sapling and tree densities were greater in forested
edges after harvesting of adjacent stands. Even after 16 years, these structural
and vegetation changes to edges were still evident.
Disturbance-Succession Template
There was no data on wildfire edges in the boreal forest. Wildfire edges tend
to be more convoluted than harvest edges which tend to be relatively straight
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Evaluation of edges created
with a disturbance-succession
template is currently not
possible. Since, there is
relatively little data on the
structural and microclimate
effects from wildfire disturbed
boreal forests.

Old seral templates are likely
to have relatively high edge,
but the edge contrasts may be
relatively low.

(pers. obs.). It is likely that this will extend the influence of the edge further
into the intact forest. However, the impact may be softened because of the
edges have less vertical contrast. The structure of wildfire edges and
comparisons to those harvest systems requires more research in boreal forests.
Old Seral Template
There was no data on the impacts of edges on forest structures in high
retention systems. With this type of cutting, the amount of edge is likely to be
large because of the high retention. However, the distance between open areas
is relatively small because patches are relatively large. Edges from one patch
may be in wind shadow or shade of another patch. This would tend to mitigate
the effects of edges. If edges are less than a tree length apart many of the edge
effects may not manifest themselves. The overall effect will depend on how
old seral biota balance the greater residual areas with increased edge.
Establishment Stage and Beyond: 11->125 Years Post-Disturbance

There is little data on the longterm recovery along timber
harvest edges.

Relatively little data exists beyond the initiation stage. Most studies on edges
focus on the interface between forested reserves and adjacent areas
permanently cleared of timber. In one of the few studies that examined a
retrospective chronosequence of edges of cutblocks and forested reserves,
Matlack (1993, 1994) suggested a cyclic pattern of microclimate, structural,
and species changes with the imposition and relaxation of forest edges. He
found that shrubs which responded very rapidly after edge creation were no
longer a dominant feature along edges >14 years of age. However, litter depth
and microclimatic effects such as relative humidity and litter moisture were
still factors after 55 years. Beyond these microclimate differences, it is
unclear whether these supported biotic differences in species composition or
abundance.
RIPARIAN EDGES

Riparian buffers left after
timber harvest are a special
type of residual. The aquatic
interface retains a relatively
permanent edge while the
interior interface undergoes
successional changes after
harvest.

Riparian buffers left after harvest are a special type of residual patch because
of their linear configuration and their double-sided edge. The side facing the
stream is a natural edge while the side facing the cutblock is a man-made
edge. In general, the forest on the riparian edge may play a significant
ecological role in aquatic systems by regulating stream temperature, inputs of
allochthonous organic material, controlling erosion and sediment input, and
nutrient inputs. Due to the permanent nature of riparian edges, biota
associated with these edges maybe be more resilient to creation of edge
structures and microclimate changes when riparian buffers are created after
harvesting. This is untested.
Riparian buffers are almost universally applied in harvest systems in North
America (Lee & Smyth 2002). Although many jurisdictions allow some
harvesting within buffers, they are permanent features in many jurisdictions.
As currently practiced, riparian buffers fit into the old seral template. A
natural disturbance-succession template would, in all likelihood, be quite
different. Wildfires can and often do burn through riparian areas. By analogy
there would be an introduction of disturbance, i.e. harvest, into riparian areas.
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This is a significant shift from current management paradigms and merits
more research and discussion than can be handled in this report. Lee and
Smyth (2002) examined the application of natural disturbance-succession
harvest template to streams in the northwest boreal of Alberta. For the
remainder of this section, the focus will be on the current application of
buffers as a unique form of a residual patch. Relatively little data is available
on the long-term changes within buffers. Most studies examine on the years
immediately following disturbance. Hence, the remainder of the chapter will
dispense with the seral sequence in formatting and note when studies
measured older treatments.
Temperature Control

In other forest systems, buffers
reduce the variance in
waterbody temperatures.
Empirical evidence suggests
that treed buffers do not
regulate temperatures of
boreal lakes. The importance
of treed buffers for
temperature regulation of
boreal streams remains
unclear.

The temperature of waterbodies greatly influences the productivity and biotic
communities that inhabit aquatic and terrestrial portions of riparian areas.
Direct solar radiation on the surface of the water is the primary natural source
of thermal energy (Brown 1980). Shading created by the density of overhead
vegetation in riparian areas is the primary modifier of solar radiation and,
hence, the temperature of streams. Brown (1969) demonstrated that the
removal of overhead shading could increase the amount solar radiation by as
much as 6 times. In a review forest practices in the early nineties, Binkley and
Brown (1993) noted that almost universal use of intact or partially harvested
buffers has significantly reduced increases in stream temperature after
harvesting. A number of models exist for prescribing buffer widths for
controlling solar radiation (Adams & Sullivan 1989, Beschta & Weatherred
1984). The important variables include; stream width and volume, buffer
forest height and density, amount of watershed cut, solar inputs, and
groundwater temperatures. Relatively little data is available for boreal forests.
Steedman et al. 2001. found that shoreline cutting did not influence small
lakes in Ontario’s boreal shield. Removal of shade did not alter the
dominating influence of diurnal cycles.
Organic Matter
Allochthonous inputs include; organic soil sediments, leaves, needles, bark,
fruits, branch wood, and boles. The function of organic debris is largely
dependent upon its size, hence, most classifications systems focus on size
(e.g. Platts et al. 1987). Smaller particles are a food source for microbes and
macroinvertebrates. Reduction of organic debris has been shown to result in
the decline of macroinvertebrates (e.g. Wallace et al. 1997). It also functions
in determining lake carbon (Odum & Prentki 1978), nutrients (Wissmar
1991), light penetration (Bolgrien & Kratz 2000), and transport of metals
(Kortelainen 1993).

Small particle organic inputs
from treed buffers into small
boreal lakes can be significant,
however, loss of buffers is not
likely to affect biota. Effects of
harvesting buffers on stream
systems remains unclear.
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For streams and possibly small lakes, most of fine and large debris originates
from shoreline vegetation. Changes in the allochthonous input and
macroinvertebrate communities have been noted in a number forested small
stream systems which have harvested riparian buffers (Webster & Waide
1982, Duncan & Brusven 1985, Webster et al. 1990, Bilby and Bisson 1992).
Harvesting of the riparian canopy around boreal shield lakes reduced the
allochthonous inputs of small woody debris by 90%. The loss of

5-32

allochthonous leaf litter resulted in subsequent declined dissolved carbon and
total phosphorous (France et al. 1996). Tracking the transport of stable carbon
isotopes, France (1998) was able to demonstrate the presence of substantial
amounts of detritus was derived from riparian trees surrounding boreal lakes.
However, losses of allochthonous material through harvesting of buffers was
thought not to be significant since the reduced material has a relatively longlife relative to its input rates.
Large woody debris serves a
number of important functions
including: creating pools,
trapping sediments, spatially
partitioning the water column,
and providing cover and
habitat for fish and
macroinvertebrates.

If inputs of large downed
debris are similar to those in
upland areas, then harvesting
buffers will create a decline in
the inputs.

Current forest management paradigms and research consider the input of large
woody debris as a critical component of stream ecosystems (reviewed in
Sedell et al. 1990). Large pieces of woody debris create pools, trap sediments,
alter channelization, retard scouring of streambeds during high flows, and
provide cover and substrate for fish and invertebrates. Root wads, small and
large branches, and boles spatially partition the water column and provides
ecological separation for species. Areas of slack water such as pools created
by debris act as refuges for aquatic and semi-aquatic organisms during periods
of high or low flow. The surface area of woody debris functions a substrate
for the completion of many life history functions, e.g. attachment for egg
masses.
Woody inputs into boreal streams have not been extensively measured in
Alberta, but are likely to be a critical factor in providing fish habitat (G.
Scrimgeour pers. comm.). If the trajectories of riparian areas are similar to
upland areas after disturbance, then we can theorize an expected pattern of
recovery after disturbance. Along wildfire disturbed watersheds, there is an
initial pulse (~0 to 20 years) of coarse and large debris input from the
falldown of fire-killed trees, then a period of relatively little input of large
debris during the middle seral stages (~20 to 50 years). As the watershed
continues to age and the regenerating stand grows, there should be an
increasing input of larger-sized pieces. Input of larger pieces in stream is
concurrent with their growth and mortality in the regenerating stand. This
continues until older seral stages where the rate plateaus or declines slightly.
Harvest systems which selectively or completely harvest to the streamside are
likely to have a different developmental trajectory than either wildfires or
harvest systems that retain adequate buffers. Loss or thinning of buffers in
harvest stands is likely to lead to early and mid-seral stage declines in medium
and large woody debris. There is no initial pulse of debris into these systems
as with wildfires. The lag between the regeneration of the harvested buffer
extends the period without large debris inputs to potentially 40 to 50 years.
Even at these older ages, the majority of materials are under 10 cm diameter
in upland areas (Lee et al. 1997). The same is likely to be true for harvested
riparian areas. Combined with a rotation (~80 to 125 years), the total period of
input for large debris is relatively short possibly less than a half of the rotation
length. Under this scenario, the harvesting buffers would lead to an initial
decline in coarse and large debris inputs and a potentially long-term loss of
debris with each successive rotation.
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Erosion and Sedimentation

Wildfires can create relatively
large amounts of erosion and
sediment transport.

Careful logging, i.e. minimal
ground disturbance, can result
in relatively little erosion and
sediment transport cutblock
areas.

Historically, two of the early applications for riparian buffers were to prevent
sedimentation of streams from adjacent timber harvest areas and to protect
and stabilize of stream banks (Smith 1972). Erosion of upland sites depends
on a number of factors but primarily on wind, litter and organic soil layers,
infiltration rates of the soil, topography, and harvest practices (reviewed in
Hornbeck & Kochenderfer 2000). After wildfires, there are much greater
amounts of erosion and sedimentation. In one of the few boreal datasets, a 20fold increase in bedload transport was recorded for a wildfire in Ontario’s
boreal forest (Schindler et al. 1980, Beaty 1994). Most of this was attributed
to storm flows.
Like wildfires, harvesting can have a major impact on erosion and
sedimentation. However, current forestry practices attempt to minimize the
amount of exposed soil, hence, sheet erosion from the cutover areas is
generally not a problem. Field studies have shown that in areas with little
relief and minimal forest floor disturbance buffers that are used to prevent
sedimentation can be relatively narrow (Patric 1978). Low relief boreal
systems are unlikely to yield large amounts of sediment (Steedman & France
2000). Even without the presence of buffer strips, Steedman and France found
relatively little sediment deposition from lakeside harvesting in Ontario’s
boreal shield.
Nutrient Transport
In most forest ecosystems, the transfer of nutrients from the upland to
waterbodies reaches a maximum immediately after disturbance. The degree to
which this occurs is controlled by a number of factors including: climate,
mineral weathering, soil characteristics, hydrological characteristics,
disturbance intensity, vegetation, and biological processes. Increase in
nutrients after disturbances are largely the result of increased decomposition
of fine litter created either by harvesting or wildfires. This process is
encouraged by increased soil temperatures and moisture, and a lack of
vegetation to sequester available nutrients.

In boreal forests, nutrient
transport greatly increases
after disturbance.
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McEachern et al. (2000) demonstrated 2, 1.5, and 1.2-fold increases in
phosphorous, nitrogen, and carbon, respectively, in Alberta boreal lakes after
a severe fire. Using a retrospective design, they further demonstrated that
these levels may stay relatively high for decades after disturbance. Carignan
et al. (2000) demonstrated changes in most water chemistry parameters to
Boreal Shield lakes after cutting or wildfires. Total phosphorous (two- to
three fold), total organic nitrogen (two-fold), and K+, Cl-, and Ca2+ (up to six
fold) were all greatly increased compared to reference lakes. Lakes within
burned watersheds had NO3- and SO42- concentrations were up 60- and 6-fold,
respectively. The degree of change for most of these parameters was related to
the area of the watershed disturbed divided by the lake’s area or volume. They
further suggested that the dominant mobile ions from wildfire (K+, Cl-, SO42-,
NO3-) or harvesting (K+, Cl-, some dissolved organic carbon) were rapidly
flushed from the system. While total phosphorous, total organic nitrogen,
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dissolved organic carbon, Ca2+, and Mg2+showed little change or were still
increasing three years after harvest.
The question of whether riparian buffers are able to prevent or ameliorate the
degree of nutrient mobilization is still debated. Much of the data for the use of
riparian areas for reduction of flows from upland to waterbodies is based on
their use as filters for urban runoff (Schueler 1986), agricultural pollutants
(e.g. Peterjohn & Correll 1984) or pesticides (e.g. Nriagu & Lakshminarayana
1989). In these situations, these buffers seem to be quite effective.

Unless nutrients are sedimentbound, riparian buffers left
after harvest do little to alter
nutrient transport.

Conversely, the use of buffers in forested systems seems to have relatively
little impact. A review by Norris (1993) indicated that buffers are relatively
ineffective at the removal of nutrients created by forest harvest practices. As
demonstrated by the above studies, the total area harvested rather than the
presence of buffers may have greater impacts on water chemistry than the
presence of buffers. Steedman (2000) followed the impact of logging with and
without riparian buffers on water quality in three 30 ha Precambrian shield
lakes in Ontario. Results indicated that removal of buffers had no discernable
effect compared to the lake with buffers. By the second and third years after
harvest, dissolved organic carbon, chlorophyll, total nitrogen, K+, Cl-, and Si
had all increased to about 10-40% above predisturbance levels while Ca2+ and
Mg2+ had declined 10 to 20%. Devito et al. (2000) demonstrated that lake
position relative to groundwater flow and surface hydrology connections
between lakes and wetlands were the primary determinants of the change in
pre- and post-harvest open water total phosphorous concentration. The width
of riparian buffers was not a significant factor or at least was overwhelmed by
large-scale landscape factors. In comparison to the relatively simple
hydrogeology of most humid forest ecosystems, the Western Boreal Plains
feature a drier climate, deeper surficial glacial deposits, and larger and more
complicated groundwater flow systems (Tóth 1970). Devito et al. (2000)
argued that these features make translations of riparian research and
management from other systems to forests in the western boreal plains
difficult and probably inappropriate.
Terrestrial Structure

Like other residual patches,
riparian buffers are
characterized by greater
structural diversity, i.e. greater
abundances of downed woody
material, shrubs, saplings, and
small trees.
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After their initial delineation, riparian buffers undergo many of the same
changes as upland residual patches. These include; tree mortality and
blowdown of trees and snags due to increased stress, increased growth and
abundance of understorey forbs and shrubs, release of suppressed trees, and
increased input of downed woody material. Many of these structural changes
are similar to edges adjacent to upland residual patches or cutblock
boundaries. Riparian areas (~80 m) around lakeshore areas in Maine indicated
that shrub densities were greater in harvest buffer strips but tree and snag
densities were greater in undisturbed lakeshore edges (Johnson & Brown
1990). After cutting of riparian buffer strips in mature balsam fir forests in
Quebec, shrub densities in narrower buffers (20 m intact and 20 thinned)
exhibited greater stem densities of conifer and deciduous shrubs than wider
buffers (>40 m) and uncut controls. Harper and MacDonald (2001)
demonstrated that a distinct lakeshore forest edge community can be detected
for about 40 m. around boreal lakes in central Alberta. Greater structural
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diversity, larger amounts of coarse woody material, and a greater density of
regenerating trees characterized edges. Edge impacts on understorey species
extended further into buffers than changes to structural elements such as
deadwood resources.
In order to retain interior
forest habitat within a riparian
buffer that is adjacent to a
harvested block, the buffer
must be at least 200 m wide.

In a comparison of different
edge types, riparian and
permanent nonriparian edges
had less deadwood and more
shrubs than forest interiors.
In boreal forests, treed
riparian zones are potentially
important for regulating
stream temperature, stability of
stream banks, and inputs of
downed woody material. They
are not a factor in controlling
water yield, overland sediment
flows, or nutrient transport.
Their impacts on biota will
depend on the response of
organisms to the resultant
structure of the cutblock
including riparian areas.

Riparian buffers are double-sided with one edge facing the water while the
other faces the cutover areas. The edge effects on the buffer created by these
interfaces are asymmetrical (Harper 1999). Variables that exhibited the
greatest edge asymmetries included; suppressed tree density, aspen sapling
densities, and total herb cover. Based on this data, lakeshore buffers in boreal
Alberta would have to be at least 200 m wide in order to maintain a core
forest interior corridor in aspen-dominated mixedwoods in central Alberta.
In a comparison of different edge types, Whitaker and Montevecchi (1997)
measured coarse vegetation attributes from riparian edge, nonriparian edge
(clearcut or access road), and interior habitat in balsam fir forests in
Newfoundland. They found the basal area of standing deadwood to be greater
in interior forest than either riparian or nonriparian edges. Shrub densities
were greater in riparian and non-riparian riparian edges than in interior forest
areas. Overall, there was relatively little difference in the structure of the
different edges.
From the stand point of structure and abiotic considerations, riparian buffers
are probably most useful for managing stream temperature, stabilizing stream
banks, and inputs of downed woody material. With careful forestry, buffers in
the boreal forests are unlikely to be a factor in the management of sheet
erosion from the cutblock, water yield, or nutrient transport. Their use as
habitat depends on whether plants and animals utilize the proximity to water
as important part of their life history. Due to their application near
waterbodies, riparian buffers are naturally linear in design. Their management
value to biota depends on whether the temporary loss of treed buffers after
cutting impacts the life histories of these biota. Chapters 6-10 on specific
biota address these questions.
LANDSCAPE CONSIDERATIONS FOR DISTURBANCESUCCESSION AND OLD SERAL TEMPLATES

OS harvest provides a good
match to old seral stages after
the first entry. However, it
requires the greater, access,
and repeated-entries to achieve
the same level of harvest as
single-entry, low residual
systems.
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At the stand-level, use of an old seral template is an attractive strategy. The
goal of retaining preharvest species is relatively straightforward. For the
management of biodiversity this would seem to be much better than the
relatively poor match between comparably aged wildfire and harvest stands.
However, the initial, stand-level advantages of the old seral template need to
be weighed against the larger spatial and temporal implications. The amount
of trees retained on blocks may need to be harvested elsewhere on the
landscape. As an example, if a residual of 50% were implemented, it would
lead to harvesting 82% more stands than the use of 10% residual. Access to
this increased area has ecological consequences not accounted by analysis at
the stand-level. In general, increased roading and traffic are detrimental for
many species (reviewed in Forman & Alexander 1998, Spellerberg 1998).
The benefits of high residuals within stands should be weighed against the
increased spread of development throughout the boreal landbase.
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A second issue with the old seral template is the tendency for repeated entries
into the stand. Again, if harvest rates are not to be affected, second or third
entries would be needed to remove the trees left after the first entry. As an
example, for a 50% leave the entry interval would be every 44 years for a
stand that would otherwise have an 80 year rotation under a single entry
harvest system. In Europe, repeated entry systems have resulted in lower
amounts of snags, DWM, and large trees. This would be particularly true if
shelterwood or single tree selection harvesting were implemented. These
systems tend to remove larger or dying trees. Group selection or strip cutting
systems have much less opportunity for the selective harvest of these
elements. Other impacts of multiple-entry are less well studied.
On the other hand, natural DS
harvest is a poor match for
natural wildfire succession
immediately after disturbance.
It becomes more similar to
wildfire as the stand develops
and forest structure is
dominated by post-disturbance
regeneration.

Although, disturbance-succession templates have poor initial match to
wildfire stands. The match improves over seral development. These harvest
systems are single entry leaving a wide range but generally lower amount of
residuals (see Chapter 13). Some of the cutblocks with greater amounts of
residuals are similar to the old seral stage. Hence, at the landscape-level, some
components of the natural disturbance regime are similar to the old seral
template. The difference is the relatively low overall amounts of total
residuals across all stands and the relatively few stands that will have high
amounts of residuals.
The underlying question for the natural disturbance-succession template is
whether it is more beneficial to concentrate activities on the landscape while
accounting for significant differences at the stand-level for the early seral
stages. For any given level of harvest, the trade-offs between residuals within
the block and the impacts of dispersed cutting and stand re-entry have to be
weighed against each other. Critical to evaluating this question is an
understanding of the response curves of biota to varying amounts of residuals,
levels of dispersed cutting, and increased roading and traffic over the
landscape. Furthermore, there is a need to retain naturally developing young
and old seral stage on the landbase. Neither harvest template is likely to
produce analogs for these seral stages. Hence, they should be retained as part
of the landscape planning for the timber harvest.
FILLING DATA GAPS IN SERAL STAGES

There is need for long-term
datasets in Alberta for each
harvest strategy implemented.
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The lack of long-term data is due, in part, to little academic or management
interest shown in following the fate of residuals beyond their initial
measurement. For the disturbance-succession and old seral stage templates,
the successional changes to patches and their impact on biodiversity relative
to the surrounding regenerating cohort is very important for evaluating the
long-term viability of these management templates. Managers and researchers
can focus on two methods for gathering information. Retrospective studies
can be used to examine an existing range of seral stages, forest types, and
different histories of disturbance and succession. There is relatively little work
in this area because of the difficulties in identifying and mapping patches
hidden in older seral stages. Some of the difficulties include finding remote
imagery with the location of unsalvaged blocks of green residuals in wildfires
and identification of patch boundaries in the field. These problems are
compounded within smaller patches. A more insidious problem is that if field

5-37

recognition is required, the sample may be biased towards those
characteristics that were used to make the identification. This method
undersamples the subpopulation of patches that were left at disturbance but
were no longer recognizable as distinct patches. Despite these problems, the
retrospective technique is that it provides data relatively quickly.
A second method of producing long-term data is the repeated measures of
patches and their associated matrix of regenerating polygons. This data will
take a relatively long time to accumulate. Administrative momentum and
research interest are required to maintain a consistent sampling schedule.
Despite these problems, there will, in all likelihood, be some data available
from some permanently planned studies in Alberta. EMEND (Spence 2001)
and the Residual Project (Schieck et al. 2000b) have planned future resampling in their sites. However, both studies are focused on the fate of
harvest residuals only. Given the importance of the residual strategy in the
management of biodiversity, the long-term monitoring of these plots and an
extension to include more harvest types and wildfire patches are critical.
KEY FINDINGS
•

•
•

•
•
•
•
•
•
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The natural disturbance-succession template uses the amount, canopy
types, spatial configuration, and patch sizes found in natural wildfires as
targets for harvest. In practice, this results in relatively low residual
harvest stands but high variance in the amounts of residuals within
cutblocks. The mean amounts of residuals are relatively low (~<10%).
Old seral templates depend on retention of trees to retain the pre-harvest
biotic communities in the harvested blocks. In practice, relatively high
amounts of retention (>50%) are needed to accomplish this objective.
The greatest differences between wildfire and harvest stands occur
immediately after disturbance and declines thereafter. In particular, snags
are much lower in harvest stands. However, quantities of snags can be
similar between disturbance types prior to rotation age. DWM in harvest
stands is likely to remain less than that of equivalent age wildfire stands
throughout most of the rotation.
High residual, repeated entry systems are well matched to old seral stages
in the initial seral stages after harvesting. However, repeated entries into
the stand may erode structural similarities later in development.
Harvest stands in boreal Alberta are likely to lose deadwood resources
after the first rotation. It is unclear whether these losses will accrue with
successive rotations in Alberta as in Fennoscandia.
Single entry harvest systems are likely to leave more residual material in
the long-term than selective, repeated entry harvest systems.
From the few studies in boreal systems, structural changes have been
detected up to 40 m from the stand edge.
Water yield, peak flows, and nutrient yields are a catchment effect,
buffers have little or no impact on these factors.
Buffers act primarily as sources for organic matter and modify water
temperature for streams and small lakes. They can also filter sediments
from surface erosion caused by logging. This not likely to be factor in low
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gradient boreal systems provided harvesting minimizes the amount of
surface disturbance.
MANAGEMENT IMPLICATIONS
•

•

•

•
•
•
•

Government and companies need to complete the linkage between broad
sustainability objectives and the fine- and coarse-filter management
strategies used to achieve these objectives. In particular, the use of coarsefilter approaches requires the use of one or more templates. The natural
disturbance-succession and old seral templates emphasize both similar
(e.g. some high retention) and contrasting (e.g. focus species) objectives
and practices. Agencies should be clear to what extent each strategy is to
be applied over the landscape, which species, communities, and habitat
types are impacted by each strategy, and the linkages and potential
integration amongst fine- and coarse-filter strategies.
Prior to implementation of either the natural disturbance-succession and
old seral templates, the long-term impacts of each should be investigated
by running simulation scenarios that focus on their widespread
implementation. Due to the relatively, higher amounts of residual
(primarily old seral), variance in residual amounts (natural disturbancesuccession), and harvest scheduling changes (both templates), they are
likely to affect all other aspects of operations including economic and
social. After evaluation, templates should be modified to include aspects
learned during simulation exercises.
After evaluation through simulations, a pilot project can be planned and
implemented over a small area. This project should be used to test both
the operational feasibility and the biotic responses to the modified
strategy. Pilot projects can also be used as a demonstration for the public,
education sites for planners and operators, and locations for either basic or
applied research.
Avoid salvaging some naturally burned stands that have a mosaic of live
and dead trees. Also, retain natural-origin old seral stages on the
harvested landbase.
Monitor and report the amounts of live residual material left in both
burned and harvested landscape units.
Expanded permanent sample program in wildfire- and harvest-origin
forest types for a range of seral stages. Current field measurements should
include DWM and shrubs.
Initiate biomonitoring for species dependent on early wildfire conditions,
snags and downed woody materials, and old seral stages.

KNOWLEDGE GAPS
•
•
•
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Large wildfire data (>50,000 ha) on amounts and distribution of patch
sizes.
Estimation of biodiversity response curves in relation to patch size and
total amount residual across different seral stages of both harvest and
wildfire stands.
Development of economical and rapid techniques for estimating the area
of live treed residuals left after harvest.
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•
•
•

Amounts of forest structure for all seral stages and origins of all boreal
forest types, particularly mixedwood and spruce.
Impacts of high residual, multiple entry harvest systems on forest
structure.
Predictive models for deadwood resources under different harvest
regimes.
o Decay curves for DWM.
o Falldown rates for snags and trees for years beyond initiation.
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UNDERSTOREY VASCULAR PLANTS

CHAPTER 6: RESPONSE OF UNDERSTOREY VASCULAR PLANTS
TO WILDFIRE AND HARVESTING
Steve Bradbury

This review examines changes to the plant community following a general
post-fire succession whereby aspen suckers dominate the initial seral stages
(0-10 and 11-25 years post-fire), an understorey spruce component emerges
during the early to mid-seral stages (26-75 years post-fire), understorey spruce
become a significant sub-canopy (latter stages of 26-75 years post-fire) and
canopy (76-125 years post-fire) component, and spruce finally emerges as the
dominant canopy species in the final seral stages (>125 years post-fire).

Plant community dynamics are
discussed following
disturbance.

Most understorey forbs of the boreal forest are long-lived perennials with
well-developed clonal growth (Table 6.1), but for the sake of brevity, plant
species groups, rather than individual species are often discussed below (see
Table 6.2 for primary examples). Reproduction usually involves occasional
episodes of seedling recruitment as a result of disturbance (e.g. fire, logging)
followed by long periods of vegetative growth. Indeed, most boreal plant
species recorded in the early post-fire stages are also found in latesuccessional stages, only their distribution in space (both in terms of cover
and occurrence) changes (Fortin et al. 1999). Once individuals attain
reproductive status, flowering and seed production occur regularly as long as
local site conditions are favourable, but less favourable microclimatic
conditions (e.g. heavy shade, waterlogging, and poor soil nutrient regimes)
can reduce population flowering capacity (Barrett & Helenurm 1987).
Rare vascular plants are not directly addressed in this review. Management
recommendations, found in this document, deal almost exclusively with
coarse filter management (with some important exceptions); rare plants
generally require more fine-filter approaches. Rare plant tracking lists, for the
boreal forests of Alberta, are available on the world-wide-web (Alberta
Community Development 2002).
INITIATION STAGE: 0–10 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Plant species differ in their
ability to survive fire.
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To survive a forest fire, plant structures in soil (seeds, rhizomes, etc.) must
either withstand high temperatures or be buried deeply enough to escape
them. Seed survival followed by successful germination was observed for
seeds lying at depths ranging from approximately 20-30 mm below burned
surfaces (Schimmel & Granström 1996), and a similar result could be
expected for other living plant tissues with resprouting potential. Plant species
differ in their ability to respond to the depth and intensity of burn. These
differences are due to variations in the position of seeds and rhizomes in the
soil and to the colonizing habit of the plants (i.e. whether species are
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Table 6.1
Plant species commonly encountered in boreal forests of Alberta.
Group refers to the plant species in its mature phase (i.e. tree, low shrub, tall shrub,
forb, grass (including sedges), moss, fern, fern ally). Colonizing habit refers to the
mechanism by which each species is primarily recruited into boreal stands after
disturbance (A, rhizomatous growth, or generally perennial life history; B,
germination from the seedbank, or annual life history; C, fire dependent release from
dormancy).

SCIENTIFIC NAME
COMMON NAME
Abies balsamifera
Balsam fir
Achillea milifolia
Common yarrow
Actaea rubra
Red and white baneberry
Adoxa moschatel
Moschatel
Agropyron spp.
Wheat grass
Alnus crispa
Green alder
Alnus rugosa
River alder
Alnus tenuifolia
River alder
Amelanchier alnifolia
Saskatoon
Anemone canadensis
Canada anemone
Angelica genuflexa
White angelica
Apocynum androsaemifolium Spreading dogbane
Aquilegia brevistyla
Blue columbine
Arabis divaricarpa
Purple rock cress
Aralia nudicaulis
Wild sarsaparilla
Arctostaphylos uva-ursi
Common bearberry
Arenaria lateriflora
Blunt-leaved sandwort
Arnica chamissonis
Meadow arnica
Arnica cordifolia
Heart-leaved arnica
Aster ciliolatus
Lindley's aster
Aster conspicuous
Showy aster
Aster laevis
Smooth aster
Aster puniceus
Purple-stemmed aster
Astragalus americanus
Milk vetch
Athyrium filix-femina
Lady fern
Betula glandulosa
Bog birch
Betula papyrifera
Paper birch
Botrychium dusenii
Grape fern
Botrychium lunaria
Moonwort
Bromus inermis
Awnless brome
Calamagrostis canadensis Marsh reed grass
Caltha palustris
Marsh marigold
Campanula rotundifolia
Harebell
Cardamine pensylvanica
Pennsylvanian bitter-cress
Carex species
Unidentified sedges
Castilleja miniata
Common red paintbrush
Chrysosplenium tetrandum Green saxifrage
Cinclidium stygium
Common northern lantern
moss
Circaea alpina
Small enchanter's nightshade
Cladonia spp.
Club lichen
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GROUP
Tree
Forb
Forb
Forb
Grass
Tall shrub
Tall shrub
Tall shrub
Tall shrub
Forb
Forb
Forb
Forb
Forb
Forb
Low shrub
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Fern
Low shrub
Tree
Fern
Fern
Grass
Grass
Forb
Forb
Forb
Grass
Forb
Forb
Moss
Forb
Lichen

COLONIZING
HABIT
B
A
B
A
A
A, B
A, B
A, B
B
B
B
B
A, B
B, A
A
A, B
A, B
A
A
A
A
A
A
A
A
B
B
B
B
A
A
A
B
A
A
B
A
A, B
A
A, B

UNDERSTOREY VASCULAR PLANTS

SCIENTIFIC NAME
Collomia linearis
Comandra umbellata
Coptis trifolia
Corallorhiza maculata
Corallorhiza striata
Corallorhiza trifida
Cornus canadensis
Cornus stolonifera
Corydalis aurea
Corydalis sempervirens
Corylus cornuta
Delphinium glaucum
Dicranum fuscescens
Dicranum polysetum
Dicranum scoparium
Disporum trachycarpum
Dracocephalum parviflorum
Dryopteris austriaca
Dryopteris carthusiana
Elymus innovatus
Empetrum nigrum
Epilobium angustifolium
Epilobium ciliatum
Epilobium palustre
Equisetum arvense
Equisetum fluviatile
Equisetum pratense
Equisetum scirpoides
Equisetum sylvaticum
Erigeron philadelphicus
Festuca spp.
Fragaria vesca
Fragaria virginiana
Galeopsis tetrahit
Galium boreale
Galium trifidum
Galium triflorum
Gaultheria hispidula
Geocaulon lividum
Geranium bicknellii
Geranium erianthum
Geum aleppicum
Geum macrophyllum
Geum rivale
Goodyera oblongifolia
Goodyera repens
Gymnocarpium dryopteris
Habenaria obtusata
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COMMON NAME
Narrow-leaved Collomia
Bastard toad-flax
Goldthread
Spotted coral-root
Striped coral-root
Pale coral-root
Bunchberry
Red-osier dogwood
Golden corydalis
Pink corydalis
Beaked hazelnut
Tall larkspur
Curly heron’s-bill moss
Electric eels
Broom moss
Fairybells
American dragonhead
Spinulose shield fern
Shield fern
Hairy wild rye
Crowberry
Fireweed
Purple-leaved willowforb
Marsh willowherb
Common horsetail
Swamp horsetail
Meadow horsetail
Dwarf scouring rush
Woodland horsetail
Fleabane
Fescue
Woodland strawberry
Wild strawberry
Hemp-nettle
Northern bedstraw
Small bedstraw
Sweet-scented bedstraw
Creeping snowberry
Bastard toad-flax
Bicknell’s geranium
Northern geranium
Yellow avens
Large-leaved avens
Purple avens
Rattlesnake-plantain
Rattlesnake-plantain
Oak fern
Blunt-leaved bog-orchid

GROUP
Forb
Forb
Forb
Forb
Forb
Forb
Low shrub
Tall shrub
Forb
Forb
Tall shrub
Forb
Moss
Moss
Moss
Forb
Forb
Fern
Fern
Grass
Low shrub
Forb
Forb
Forb
Fern ally
Fern ally
Fern ally
Fern ally
Fern ally
Forb
Grass
Forb
Forb
Forb
Forb
Forb
Forb
Low shrub
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Fern
Forb

COLONIZING
HABIT
B
A
A
A
A
A
A
A
B, C
B, C
B
B
A, B
A, B
A, B
A
B
A
A
A
A
A
B, C
A
A
A
A
A
A
B, A
A
A
A
B
A
A
A
A
A
C, B
A
A
A
A
A
A
A
B
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SCIENTIFIC NAME
Habenaria orbiculata
Habenaria viridis
Halenia deflexa
Heracleum lanatum
Hieracium umbellatum
Hylocomium splendens
Impatiens capensis
Impatiens noli-tangere
Lathyrus ochroleucus
Ledum groenlandicum
Lilium philadelphicum
Linnaea borealis
Listera borealis
Listera cordata
Lonicera dioica
Lonicera involucrata
Lycopodium annotinum
Lycopodium clavatum
Lycopodium complanatum
Lycopodium dendroidium
Maianthemum canadense
Marchantia polymorpha
Matricaria matricariodes
Melampyrum lineare
Mentha arvensis
Mertensia paniculata
Mitella nuda
Mnium spinulosum
Moehringia lateriflora
Moneses uniflora
Myosotis alpestris
Oplopanax horridum
Orthilia secunda
Oryzopsis asperifolia
Oryzopsis pungens
Osmorhiza depauperata
Peligera neopolydactyla
Peltigera aphthosa
Petasites palmatus
Petasites sagittatus
Petasites vitifolius
Picea glauca
Picea mariana
Pinus contorta
Plagiomnium cuspidatum
Platanthera orbiculata
Pleurozium schreberi
Polytrichum commune
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COMMON NAME
Round-leaved orchid
Bracted bog-orchid
Spurred gentian
Cow-parsnip
Narrow-leaved hawkweed
Stair-step moss
Spotted touch-me-not
Touch-me-not
Creamy peavine
Common Labrador tea
Western wood lily
Twinflower
Northern twayblade
Heart-leaved twayblade
Twining honeysuckle
Bracted honeysuckle
Stiff club-moss
Running club-moss
Ground-cedar
Ground pine
Wild lily-of-the-valley
Green-tongue liverwort
Pineappleweed
Cow-wheat
Wild mint
Tall lungwort
Bishop's cap
Red-mouthed mnium
Blunt-leaved sandwort
One-flowered wintergreen
Mountain forget-me-not
Devil's club
One-sided wintergreen
Rice grass
Rice grass
Sweet cicely
Finger felt lichen
Studded leather lichen
Palmate-leaved coltsfoot
Arrow-leaved coltsfoot
Vine-leaved coltsfoot
White spruce
Black spruce
Lodgepole pine
Woodsy leafy moss
Round-leaved rein-orchid
Big red stem
Common hair-cap

GROUP
Forb
Forb
Forb
Forb
Forb
Moss
Forb
Forb
Forb
Low shrub
Forb
Low shrub
Forb
Forb
Low shrub
Low shrub
Clubmoss
Clubmoss
Clubmoss
Clubmoss
Forb
Liverwort
Forb
Forb
Forb
Forb
Moss
Moss
Forb
Forb
Forb
Low shrub
Forb
Grass
Grass
Forb
Lichen
Lichen
Forb
Forb
Forb
Tree
Tree
Tree
Moss
Forb
Moss
Moss

COLONIZING
HABIT
B
B
B
B
A
A, B
B
B
A
A
B
A
A
A
A
A
A
A
A
A
A
A, B
B
B
A
A, B
A
A, B
A, B
A
B
A
A
A
A
A
A, B
A, B
A
A
A
B
B
C
A, B
A
A, B
A, B
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SCIENTIFIC NAME
Polytrichum juniperinum
Polytrichum strictum
Populus balsamifera
Populus tremuloides
Potentilla norvegica
Prunella vulgaris
Prunus pensylvanica
Prunus virginiana
Ptilium crista-castrensis
Pylaisiella polyantha
Pyrola asarifolia
Pyrola chlorantha
Pyrola elliptica
Pyrola secunda
Pyrola virens
Ranunculus uncinatus
Rhinanthus borealis
Ribes glandulosum
Ribes hirtellum
Ribes hudsonianum
Ribes lacustre
Ribes oxyacanthoides
Ribes triste
Rosa acicularis
Rubus arcticus
Rubus chamaemorus
Rubus idaeus
Rubus parviflorus
Rubus pedatus
Rubus pubescens
Salix spp.
Schizachne purpurascens
Scutellaria galericulata
Senecio pauperculus
Senecio triangularis
Shepherdia canadensis
Smilacina racemosa
Smilacina stellata
Smilacina trifolia
Solidago canadensis
Solidago gigantea
Sorbus aucuparia
Sorbus scopulina
Sphagnum spp.
Spiraea alba
Spiraea betulifolia
Stachys palustris
Stellaria calycantha
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COMMON NAME
GROUP
Juniper hair-cap
Moss
Slender hair-cap
Moss
Balsam poplar
Tree
Trembling aspen
Tree
Rough cinquefoil
Forb
Heal-all
Forb
Pin cherry
Tall shrub
Chokecherry
Tall shrub
Knight's plume
Moss
Stocking moss
Moss
Common pink wintergreen
Forb
Greenish-flowered wintergreen Forb
White wintergreen
Forb
One-sided wintergreen
Forb
Green wintergreen
Forb
Little buttercup
Forb
Yellow rattle
Forb
Skunk currant
Low shrub
Low shrub
Wild gooseberry
Northern black currant
Low shrub
Black gooseberry
Low shrub
Low shrub
Wild gooseberry
Wild red currant
Low shrub
Prickly rose
Low shrub
Dwarf raspberry
Low shrub
Cloudberry
Low shrub
Wild red raspberry
Low shrub
Thimbleberry
Low shrub
Five-leaved bramble
Low shrub
Dewberry
Low shrub
Willow
Tall shrub
False melic
Grass
Marsh skullcap
Forb
Canadian butterweed
Forb
Arrow-leaved groundsel
Forb
Canada buffaloberry
Low shrub
False Solomon's-seal
Forb
Star-flowered Solomon's-seal Forb
Three-leaved Solomon's-seal Forb
Canada goldenrod
Forb
Late goldenrod
Forb
Mountain ash
Tall shrub
Western mountain ash
Tall shrub
Sphagnum
Moss
Narrow-leaved meadowsweet Forb
Birch-leaved spirea
Low shrub
Marsh hedge-nettle
Forb
Northern starwort
Forb

COLONIZING
HABIT
A, B
A, B
A
A
B
A
B
B
A, B
A, B
A
A
A
A
A
B
B
B
B
B
B
B
B
B
A
A
A
A
A
A
B
B, A
A
B
B
B
A
A
A
B
B
B
B
A, B
B
A
A
A
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SCIENTIFIC NAME
Stellaria crispa
Stellaria longifolia
Stellaria longipes
Streptopus amplexifolius
Symphoricarpos albus
Taraxacum officinale
Thalictrum venulosum
Tiarella trifoliate
Tiarella unifoliata
Trientalis borealis
Trientalis europaea
Trifolium hybridum
Typha latifolia
Urtica dioica
Vaccinium caespitosum
Vaccinium membranaceum
Vaccinium myrtilloides
Vaccinium uliginosum
Vaccinium vitis-idaea
Veratrum viride
Viburnum edule
Vicia americanum
Viola adunca
Viola canadensis
Viola nephrophylla
Viola renifolia
Viola selkirkii
Zygadenus elegans
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COMMON NAME
Crisp starwort
Long-leaved chickweed
Long-stalked starwort
Clasping twistedstalk
Common snowberry
Common dandelion
Veiny meadow rue
Three-leaved foamflower
One-leaved foamflower
Northern starflower
Arctic starflower
Alsike clover
Common cattail
Stinging nettle
Dwarf bilberry
Black huckleberry
Velvet-leaved blueberry
Bog bilberry
Bog cranberry
Indian hellebore
Low bush-cranberry
American vetch
Early blue violet
Canada violet
Bog violet
Kidney-leaved violet
Great-spurred violet
Mountain death-camas

GROUP
Forb
Forb
Forb
Forb
Low shrub
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Forb
Low shrub
Low shrub
Low shrub
Low shrub
Low shrub
Forb
Low shrub
Forb
Forb
Forb
Forb
Forb
Forb
Forb

COLONIZING
HABIT
A
B
A
A
B
B
A
A
A
A
A
A
A
B
A
A
A
A
A
A
B
A
A
A
A
A
A
B
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Table 6.2

Common plant species found in plant species groups discussed in text.
Species Group
Fire dependent

Species
Corydalis aurea
Corydalis sempervirens

Delete row
Dracocephalum parviflorum
Geranium bicknellii

ALBERTA RESEARCH COUNCIL

Graminoids
(Grasses, sedges, & rushes)

Agropyron spp.
Calamagrostis canadensis
Elymus innovatus
Carex spp.

Annual/biennial forbs

Actaea rubra
Castilleja miniata
Halenia deflexa
Heracleum lanatum
Potentilla norvegica

Perennial forbs

Achillea milifolia
Aralia nudicaulis
Aster spp.
Disporum trachycarpum
Epilobium angustifolium
Galium spp.
Heracleum lanatum
Maianthemum canadense
Petasites palmatus
Smilacina spp.
Trientalis spp.

Low shrubs

Arctostaphylos uva-ursi
Cornus canadensis
Ledum groenlandicum
Linnaea borealis
Lonicera spp.
Ribes spp.
Rosa acicularis
Rubus spp.
Spiraea spp.
Vaccinium spp.

Tall shrubs

Alnus spp.
Cornus stolonifera
Corylus cornuta
Prunus spp.
Salix spp.

Exotics

Melilotus officinalis
Taraxacum officinale
Trifolium hybridum
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rhizomatous sprouters, early successional seed bank species, or seed
dispersers) (Figure 6.1). Sprouters will generally decrease in importance with
increasing depth of burn, although initial differences may be mitigated by
their vertical position and subsequent aggressive growth (Schimmel &
Granström 1996). Seed bank species, on the other hand, have an advantage
after relatively deep-burning fires that expose the buried seed bank and kill
off resprouting competitors. However, fires that consume most of the organic
layer will kill a substantial part of the seed bank. According to De Grandpré et
al. (1993), as many as 70% of the species present on any particular site could
have survived fire and resprouted afterwards, or germinated from the seed
bank. For seed dispersers, there is a positive relationship between depth of
burn and their initial success (Figure 6.1), because of reduced competition
from other species in severely burned sites (Schimmel & Granström 1996).

Hypothetically, vascular
plant species groups respond
differently to depth of burn.

B

C

REGENERATION

A

DEPTH OF BURN
Figure 6.1
Hypothetical model of the regeneration of different categories of
plants in relation to depth of burn (organic layer consumption): A, rhizomatous
species; B, seed bank species; C, species that depend on post-fire seed dispersal.
Reproduced from Schimmel and Granström (1996).

The seedbank is an important
source of propagules.

ALBERTA RESEARCH COUNCIL

A great disparity has been noted between species germinating from the
propagule bank and species existing as aboveground vegetation from which
the soil was obtained (Rydgren & Hestmark 1997, Qi & Scarratt 1998); this
disparity has been attributed to a number of factors. For example, many longlived species and clonal plants with potentially immortal genets may not rely
on a buried propagule bank for persistence (e.g. clonal species like Salix,
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Cornus, Vaccinium, and Aster), and many species seeds may have only
limited viability within the seedbank. The disparity further increases with soil
depth. The propagule bank in the litter layer has a species composition more
similar to the above ground vegetation than does the propagule bank of deeper
soil layers (i.e. 0-5 cm, 5-10 cm, and 10-15 cm deep). Therefore, the intensity
of fire, and thus the depth of burn and/or seed death will influence which
species can potentially germinate in recently burned sites. Any decrease in
species occurrence down the soil profile may indicate that their propagules
have a shorter life span than species that have deeply buried viable
propagules. It is likely that the latter species may have the capacity for longterm survival in the soil (Rydgren & Hestmark 1997).
Many woody species thrive
after fire.

Fire dependent species thrive
and die off within a few years
of fire.

Greater plant diversity
increases community stability.

ALBERTA RESEARCH COUNCIL

Many understorey species in the boreal forest can resist fire through the
survival of buried organs, and they re-establish themselves on a site quickly
after a fire (Ahlgren 1959, Dix & Swan 1971, Black & Bliss 1978, Carleton &
Maycock 1978, Archibold 1979, Rowe 1983, Foster 1985, Morneau &
Payette 1989, De Grandpré et al. 1993, Sirois 1995, Gossow 1996). Rapid
growth is supported by favourable post-fire environmental conditions
including abundant light, enhanced soil temperatures, increased
decomposition rates, and increased nutrient availability. The result is a
dramatic increase in flower production and abundance to levels greatly
exceeding pre-burn levels for many common shrubs (e.g. Alnus crispa, Ledum
groenlandicum, Rubus chamaemorus, and Vaccinium spp.), forbs (e.g.
Maianthemum canadense, Cornus canadensis), and others (e.g. Deschampsia
caespitosa, Equisetum sylvaticum) (Johnson 1981, Foster 1985, Sirois 1995).
Forest floor regeneration can be highly variable for at least five years postfire. Despite vigorous growth of species found pre-fire, plant communities
immediately post-fire are unique because of the release of seed bank species
dependent on wildfire to break dormancy. These seed bank dependent species
include Corydalis spp., Dracocephalum parviflorum and Geranium spp.
(Johnson 1981, Crites unpubl.) and reach their maximum abundance and
cover 1-2 years post-fire. Dominance by these species does not last because
they are quickly out-competed by aggressive dispersers (e.g. Epilobium
angustifolium and grasses) and resprouting clonal species (e.g. Vaccinium
spp., Kalmia angustifolia, and Ledum groenlandicum) (Johnson 1981, Fortin
et al. 1999). Nevertheless, the short duration of dominance by these seedbank
dependent species is critical to their long-term survival; their opportunities to
deposit propagules into the seedbank are infrequent and must be exploited.
The manner in which plant communities respond to disturbance has been
studied for many years. One axiom that has been hotly debated, but largely
accepted, is that greater plant diversity leads to increased community stability
following disturbance (see De Grandpré & Bergeron 1997 and references
therein). De Grandpré & Bergeron (1997) studied this concept following gap
formation in lower boreal forests of Quebec and demonstrated the importance
of plant community resistance and resilience; resistance refers to the degree to
which a system remains at equilibrium after a disturbance has ensued, and
resilience refers to the rate at which a system returns to pre-disturbance
conditions (De Grandpré & Bergeron 1997). In their study of the plant
community resistance to gap formation (400 m2), De Grandpré & Bergeron
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Plant communities in younger
stands change less than plant
communities in older stands.

Few exotics exist post-fire.

(1997) noted that younger communities changed less that older ones, and sites
with greater species richness changed less than sites with lower species
richness. They concluded that sites rich in species respond quickly to
disturbance by increasing their cover and preventing invaders from
dominating the understorey. Older stands, that have not yet developed withinstand heterogeneity, show much more profound plant community changes;
although, older stands that have within-stand heterogeneity (i.e. gap formation
resulting from spruce budworm or wind damage, etc.) may have improved
resistance due to the co-existence of early and late successional species (De
Grandpré & Bergeron 1997, Bergeron 2000). From this, more profound
changes to the plant community post-disturbance may be expected from older
stands compared to younger stands.
Exotic and non-natural (e.g. Taraxacum officinale, Melilotus officinalis and
Trifolium hybridum) plant species do not typically account for much cover
during this seral stage.
Cut Stands Without Residual Trees (Clearcuts)

Many plants survive
harvesting.

Plant diversity is supported by
a variable microclimate.

ALBERTA RESEARCH COUNCIL

The most significant difference between post-harvest and post-fire stands (i.e.
the absence of large areas of fire-killed snags and burned duff) occurs during
the first few years post-disturbance; in these sites all or nearly all of the living
plants are removed, and recolonization, by necessity, is by dormant seed
germination, resprouting from tissue surviving the fire, or eventually by seed
dispersal. In contrast, post-harvest sites are less severely disturbed and are
largely recolonized by plants remaining in situ. In cutblocks, many plants
regenerate quickly via clonal expansion from rhizomatous growth (e.g.
Petasites palmatus, Aster spp., and Cornus canadensis), stem base sprouting
(e.g. Salix spp.), root suckering (e.g. Populus tremuloides), or layering of
branches (e.g. Alnus spp.; Mallik et al. 1997ab, Qi & Scarratt 1998). Other
species recover from propagules buried in the seed bank (e.g. Castilleja
miniata, Heracleum lanatum, and Potentilla norvegica). But, prolific
producers of seed, spores or other propagules, that do not accumulate a
persistent propagule bank, must rely on dispersal from the outside into
disturbed areas for recovery (e.g. Betula spp., Picea spp.; Rydgren et al.
1998); in this instance, however, dispersers must out-compete established
plants that have survived harvesting.
Despite species-specific changes in cover and frequency of occurrence, forb
species richness generally increases in clearcuts (see Table 6.3). This is not
surprising because many plant species present pre-harvest persist post-harvest,
and other pioneer species that were probably dormant in the seed-bank
emerge (e.g. Corydalis sempervirens, Epilobium angustifolium, Geranium
bicknellii; Bradbury 2000, Peltzer et al. 2000), albeit at a level substantially
lower than in naturally disturbed sites. Other studies have documented similar
increases in plant species richness following harvest (Ehnes & Shay 1995,
Johnston & Elliott 1996) because of the greater diversity of microhabitats
found throughout cutover habitat relative to burned habitat. However, the
stand type prior to harvest has a strong influence on vascular plant species
richness and diversity post-harvest. Post-harvest deciduous stands tend to
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Plant species diversity is higher
in young post-harvest stands
compared to young post-fire
stands.

Table 6.3
Total species diversity (Shannon Index for herb dataset only), and
evenness (J’ for herb dataset only) in post-fire and post-harvest stands 1, 14, 28 and
60 years post-disturbance. Table reproduced from unpublished Alberta Research
Council data.

AGE
1
14
28
60

Shannon Diversity1
Harvest
Fire
a
1.51
1.29b
1.49a
1.39b
a
1.55
1.45b
a
1.49
1.61b

Evenness
Harvest
0.83
0.79
0.84
0.84

Fire
0.77
0.79
0.83
0.73

1

Superscripts of different letters between harvest and fire denote statistical
significance using t test; p < 0.05.

have greater vascular plant species richness and diversity compared to postharvest conifer stands, for both herbaceous and shrubby species (Tables 6.4
and 6.5).

Fire dependent species grow
poorly post-harvest.

The species that drive community uniqueness found immediately post-fire
include the short-lived fire dependent flowering forbs that flourish in burned
sites (Crites unpubl., Crites & Hanus unpubl.); these plants include Geranium
bicknellii, Dracocephalum parviflorum, Corydalis sempervirens, and
Corydalis aurea. During their flourishing growth phase these species deposit
masses of seed into the seedbank, and then become dormant in the seedbank
until the next fire. While these species may be found in post-harvest stands,
their cover values are orders of magnitude lower, and they do not compete
well with the vigorous growth of surviving clonal species (Bradbury unpubl.,
Nguyen-Xuan et al. 2000). It is likely that substantially reduced growth (and a
consequently reduced seed set) in post-harvest sites would not adequately
“top-up” the seedbank for species dependent upon it for continued survival.
Therefore, on a landbase that is converted from a natural to a managed
regime, these species will be at risk of becoming extirpated in the absence of
fire. Broadcast burning may stimulate germination of seeds that are dormant
in the soil, resulting in greater plant diversity in burned rather than in
unburned cutblocks (Kimball & Hunter 1990). Furthermore, burning tends to
favour herbaceous species over grasses and shrubs (Sullivan & Boateng
1996), and may thus offer an alternative management practice (Crites &
Hanus unpubl.).
Groups of species differing with respect to important life history traits, show
different patterns of recovery after harvesting disturbance (Rydgren et al.
1998). Several common species in the boreal forest (e.g. Vaccinium spp.)
regain their pre-disturbance frequency within three years after disturbance,
mostly due to resprouting from intact rhizomes and clonal growth from the
surrounding intact vegetation. Grass (e.g. Calamagrostis canadensis), in
particular, can dominate after harvest (Lieffers et al. 1993), particularly in
stands where it accounted for a significant component of the pre-harvest
vegetation cover. In Saskatchewan boreal stands following harvesting, many
species including Populus spp., Betula spp., Rosa spp., Rubus spp., Viburnum
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Post-harvest herbaceous and
low shrub plant species
richness and diversity is higher
in young deciduous compared
to young coniferous stands.

Table 6.4
Vascular plant species (annual, biennial and perennial forbs, low
shrubs and exotics) richness and Shannon diversity from cutover boreal forests of
northwestern Alberta. Data sampled from a 5 m2 area (unpublished Alberta Research
Council data).

Stand type

No.

Deciduous
Pure aspen
Deciduous
Understorey <250
Coniferous
Understorey fir
Coniferous
Understorey
spruce

Shannon
Diversity1

ANOVA

F = 5.95

2.5a ± 0.5

F =32.86

p < 0.01

1.3b ± 0.3

p<0.0001

ANOVA

6

Age Species
Richness1
39.2a ± 6.4
2

6

2

39.5a ± 3.9

6

2

34.0b ± 2.5

6

2

31.0b ± 2.4

3.0a ± 0.5

1.1b ± 0.2

1.

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.

Post-harvest tall shrub species
richness and diversity is higher
in young deciduous compared
to young coniferous stands.

Table 6.5
Vascular plant species (tall shrubs) richness and Shannon diversity
from boreal forests of northwestern Alberta. Data sampled from a 20 m2 area
(unpublished Alberta Research Council data).

Stand type
Deciduous
Pure aspen
Deciduous
Understorey
<250
Coniferous
Understorey fir
Coniferous
Understorey
spruce

No.

Age

6

Shannon
Diversity1

ANOVA

F = 18.53

0.7a ± 0.2

F = 29.24

p<0.0001

0.1b ± 0.1

p<0.0001

Species
Richness1

ANOVA

2

7.3 a ± 1.6

6

2

9.8 b ± 2.2

6

2

2.7c ± 1.8

6

2

3.2c ± 2.1

0.6a ± 0.2

0.1b ± 0.1

1.

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.

Many common forest species
dominate post-harvest stands.

spp., Cornus spp., Aralia nudicaulis, Aster spp., Maianthemum canadense,
Mertensia paniculata and Fragaria virginiana, persisted following a range of
disturbance treatments (Peltzer et al. 2000). Shrub species richness fluctuates
dramatically in post-harvest boreal forests (Bradbury unpubl., Crites unpubl.).

Disturbance intensity
influences plant vigour.

In contrast, disappearance or severe reduction of shade-tolerant forest
vegetation results from a number of factors, including direct mortality at the
time of harvest, physiological shock caused by environmental modifications,
and competition by aggressive species that thrive under high-light intensity.
Nevertheless, some shade-tolerant forest forbs such as Aralia nudicaulis and

ALBERTA RESEARCH COUNCIL
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Aster macrophyllus appear to survive and even increase their cover in postharvest conditions (Harvey et al. 1995, Bradbury 2000). Notwithstanding the
influence of harvesting machinery, lighter harvest disturbance results in a
greater presence of residual species, whereas more intense disturbance
favours invasion of ruderal and pioneer species (Peltzer et al. 2000, Harvey et
al. 1995, Rydgren et al. 1998); typically, though, ruderals and pioneer species
are restricted to roadsides, decking areas and the fringes of burn piles
(Bradbury pers. obs., Peltzer et al. 2000). Increased diversity immediately
after harvest is typically a short-term response to disturbance.
Tall shrubs often thrive postharvest.

Plants in coniferous and
deciduous forests respond
differently to harvest.

ALBERTA RESEARCH COUNCIL

Aspen, Prunus spp., Alnus spp. and Corylus cornuta often grow vigorously in
recent cutblocks, so much so, that in certain circumstances they effectively
out-compete regenerating conifer seedlings. Two different competition
strategies are exhibited by vigorously growing shrubs and tree saplings.
Firstly, aspen and Prunus spp. exhibit a vertical competition strategy. They
reduce light that reaches plants below by overtopping them. Secondly,
Corylus cornuta and Alnus spp. exhibit an horizontal competition strategy.
They compete horizontally with other plants for space, nutrients and moisture
by having dense clones consisting of many short, aboveground shoots and
dense, belowground roots and rhizomes (Mallik et al. 1997ab). Alnus spp. can
persist pre-harvest with reduced vigour and then can expand rapidly after
harvesting (Crites unpubl.). After this initial increase in growth, stem density
declines slowly with subsequent forest succession (Mallik et al. 1997ab).
When subjected to periodic disturbance, new Alnus spp. sprouts originate
from swollen corms, a vegetative mechanism shared by some ericaceous
plants (e.g. Arctostaphylos uva-ursi). Also, the tenacity of shrubby species
(e.g. Rubus spp.) may be related to site quality, and long-term persistence may
be more likely on better sites (Harvey et al. 1995).
Pre-harvest forest type also plays a role in determining the influence of
harvesting on plant communities. In aspen stand cutovers, high plant cover
levels result from vigorous aspen suckering and herbaceous vegetation
growth; even one year post-harvest, cutovers often have very high levels of
forb vegetation cover and flower production due to abundant light and
enhanced soil temperature (Bradbury unpubl.). In contrast, cutovers in conifer
dominated areas tend to lose much of their dominant vegetation (i.e. moss
cover); increased light levels, wind evaporation, and greater magnitudes of
wetting and drying events (relative to pre-harvest levels) in conifer cutovers
results in large scale moss die-off (Andersson & Hytteborn 1991, Lesica et al.
1991, Hannerz & Hånell 1997). Furthermore, pre-harvest conifer stands
typically have less herbaceous species richness and cover, and typically do
not respond as quickly post-harvest. Evidence from lower boreal forests in
eastern Canada suggests that the resistance of plant communities in younger
stands (i.e. deciduous dominated) compared to older stands (i.e. coniferous
dominated) is greater. Thus, changes in plant communities following
deciduous harvest may be less dramatic than changes following conifer
harvest (Carleton & MacLellan 1994, De Grandpré & Bergeron 1997,
Bergeron 2000).
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Cutblocks can support exotic
plants.

Exotics and non-naturals (e.g. Taraxacum officinale, Melilotus officinalis and
Trifolium hybridum) can be introduced into boreal forests through
anthropogenic disturbance. Road construction, increased traffic and grazing
leases increase the potential for migration of these species into regenerating
cutblocks. The replacement of endemic species with exotics and non-naturals
through competitive interactions may have consequences for organisms
higher up the food-chain.
Burned Stands With Residual Live Trees

Residual patches support
plants from pre-disturance
communities.

Individual and patches of live residual trees are generally found in burned
areas. Depending on the severity of the fire, forest type and environmental
conditions up to a third of the burned area could be maintained as live residual
trees. As a result, the plant communities associated with fire skips,
particularly the larger patches, closely resemble the species composition and
cover of pre-fire assemblages. Wildfire is the dominant disturbance in boreal
forests, and as a result, plant communities found therein are well adapted to
variable conditions of fire frequency and severity (Johnson et al. 1998,
Larocque et al. 2000). In areas that have experienced light burns, surviving
tissues often readily resprout, and quickly re-establish pre-burn competitive
relationships. Plant communities that remain largely intact (due to fire skips
or light burns) serve as a seed source, and facilitate dispersal of new recruits
into areas more severely affected by fire.
Cut Stands With Residual Live Trees

Post-harvest residuals mimic
post-fire residuals.

Plant community response is
related to the amount of
residuals.

ALBERTA RESEARCH COUNCIL

In a burned landscape there are vast areas of fire-killed vegetation
interspersed with variable sizes and distributions of living residuals. We
cannot duplicate in a post-harvest system the plant communities found in the
immediately post-fire burned areas. However, we can leave residual patches
in cutblocks that mimic living residuals found in burns. One of the
consequences of not being able to duplicate the earliest plant communities
after fire is that the post-disturbance successional trajectories start off very
dissimilar from one another. But, by leaving higher volumes of residuals on
cutblocks, and therefore sharing a commonality with natural burned areas, we
may observe a more rapid convergence of successional trajectories.
Nevertheless, this convergence may take in excess of 60 years (Crites
unpubl.), and if delayed, may not occur prior to the second rotation.
Individual and sparsely scattered residual trees probably have a less direct
influence on the understorey vegetation compared to clumped residuals; in
fact, the influence of individual or sparsely scattered residuals may be
negligible for vascular plants (with the possible exception of parasitic plants
found on them). Stands with substantial residual retention, on the other hand,
have a dramatic influence on plant communities. Halpern et al. (1999)
hypothesized for conifer stands in the Pacific Northwest, that the abundance
and diversity of forest-interior understorey plant species will likely increase
with the percentage of green tree retention. As retention levels increase, there
would be reduced levels of disturbance to soils and understorey vegetation,
and greater amounts of shading from retained trees. Both of these factors
would promote survival of forest-interior species (Halpern & Spies 1995).
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The opposite would be true for early seral, open-site species; the abundance
and diversity of these species would decrease with increased retention
because increasingly limited light, potential establishment sites and soil
resources would place early seral species at a competitive disadvantage.

Plant community response is
related to distribution of
residuals.

Residual patches are valuable
habitat features.

Variable patch sizes influence
plant community dynamics.
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Plant communities would not only be influenced by the amount of residual
material, but also, the pattern of its distribution. For example, an aggregated
distribution of residuals would lead to areas of heavy harvesting disturbance
favouring early seral species, and patches of intact pre-harvest forests
favouring interior forest species. In contrast, a uniform distribution of
residuals would lead to a uniform harvesting disturbance within the stand,
resulting in a greater negative impact to interior forest species relative to early
seral species. North et al. (1996) found that, 16 months post-harvest, the plant
species composition of a dispersed retention unit (i.e. 27 trees/ha retained)
resembled that of an adjacent clearcut to a greater degree than that of an
adjacent, intact forest. However, shade-tolerant forest species were more
diverse and abundant in the dispersed unit than in the clearcut, suggesting that
forest understorey taxa may benefit from the increased shading and/or
reduced disturbance afforded by retained trees. Furthermore, thinning trials
generally increased plant cover and species diversity, although, this increase
was partially a result of the establishment of invasive or exotic species.
However, where thinning lead to increased dominance by clonal shrubs, there
was a resultant decline in species diversity (Alaback & Herman 1988).
Residual patches serve at least three roles for the plant community. Firstly,
residual patches provide continuity with the pre-disturbance forest by acting
as refugia, lifeboats, or as a seed source for plants not well adapted to open
cutblocks (Halpern et al. 1999). Plants limited to residual patches provide
substrate and structure (i.e. habitat) for other organisms found within the
patch. Secondly, residual patches may act as stepping-stones for dispersal of
shade tolerant species across cutover areas. Thirdly, residual patches provide
a link into the future by contributing old-growth attributes to regenerating
stands; although, these old-growth attributes will not be realized until several
decades into the next rotation.
Residual patches, by being undisturbed by machinery during harvest, change
little with respect to plant species composition, but do change with respect to
plant species percent cover (Bradbury unpubl.). Plant communities in residual
patches maintain a dominant imprint from pre-harvest stands, as evidenced by
the similarity of species assemblages to continuous old forest. But, with the
influence of surrounding microclimatic conditions (i.e. cutover environment),
residual patches, and particularly smaller patches (i.e. 20–40 m diameter) also
share some characteristics with cutovers. Indeed, within smaller patches
increased radiant light levels from the cutovers will result in dramatic changes
in plant species cover levels over the first 10 years post-harvest. The most
dramatic and dynamic effects would probably be observed in highly diverse
aspen stands because of the vigorous response of forbs to increased available
light. Plants in residual patches found in post-harvest coniferous stands will
probably show less dramatic dynamics (Bradbury unpubl.).
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Low and tall understorey vegetation in large residual patches more closely
resemble communities in continuous old forest than in cutovers, and
vegetation in small residual patches more closely resemble cutovers than
continuous old forest. In addition low and tall understorey communities differ
significantly among different sized residual patches (Bradbury unpubl.).
Differences result from changes in species cover values rather than species
composition, with these changes likely being driven by differences in light
and moisture levels due to differences in increasing residual patch size.
Within the first 10 years post-harvest, shrubs on the edges of residual patches
will likely dominate plant cover; their dominance will persist until tree
saplings overtop them.
Comparison Between Burned and Cut Stands
Plant communities post-fire
and post-harvest are initially
very different.

The greatest difference in vascular plant communities, between post-fire and
post-harvest successional trajectories, exists in the initial post-disturbance
seral stage. In the first, and occasionally the second, growing season post-fire,
a unique community of fire dependent forbs flourishes; these species are
largely absent in post-harvest stands. Most boreal vascular plants survive
harvesting in situ and readily grow in the high light environment postdisturbance; vascular plant survival in burned areas depends largely on the
intensity of the fire and depth of burn (Figure 6.1).
Old-Growth Structure of Harvest Stands

Old-growth forests are highly
diverse.

Residuals are important
structural features of new
cutblocks.
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The concept of old-growth forest is not restricted to the chronological age of a
forest, but also involves a variety of structural and functional characteristics
of an old stand (Franklin et al. 1981). Large trees, wide variation in tree sizes
and spacing, accumulation of large, dead standing and fallen trees, broken and
deformed tops, bole and root rot, multiple canopy layers, canopy gaps and
understorey patchiness are important structural components of old-growth
stands (Johnson et al. 1995). Cessation in growth of the oldest trees, near zero
net productivity, and biochemistry of secondary metabolic products in old
trees that may provide higher resistance to insects and disease are important
functional components of old-growth stands. In comparison, clearcut stands
have no old-growth structure nor do they have old-growth function; the only
exception may be initially large inputs of DWM, although, this material
rapidly decays and is not maintained by subsequent inputs.
Residual material does leave structure within cutblocks but does not create
old-growth characteristics during this first phase post-harvest. Plant
communities growing within residual patches will be representative of the
pre-harvest stand; with typical stands being harvested before reaching the oldgrowth stage, it is unlikely that residual patches (due to their age) in cutblocks
will contribute any old-growth characteristics (as defined above) to the
cutblock immediately post-harvest.
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ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Plant species cover values and
frequency in early seral stages
differ with later seral stages.

In her comparison of plant communities in different aged stands post-fire and
post-harvest, Crites (unpubl.) demonstrated that the plant communities found
in 1 and 14 year-old stands post-fire were unique compared to later
successional stages. Most post-fire species compositional changes occur
before canopy closure, and include the disappearance of invading pioneer
species and a subsequent re-establishment of species present prior to the fire;
this structurally dynamic period results in plant communities that are
intermediate between the unique early post-fire community and an established
plant community found in a more stable mature/old-growth phase (Crites
unpubl.). Notwithstanding the loss of pioneer species, the greatest differences
in plant community dynamics are changes in cover values and frequency
rather that species composition. Taller shrubs (i.e. Alnus spp., Amelanchier
alnifolia, Salix spp.) and deciduous tree species (i.e. Populus spp.) increase in
richness and cover early during this seral stage (Van Cleve & Viereck 1981);
annual, biennial and perennial forbs, grasses and low shrubs become less
dominant species as the amount of available light decreases due to the
vigorous growth of taller shrubs and regenerating tree species (especially
aspen). Nevertheless, as stands progress through this seral stage shrub cover
will decrease (Quintilio et al. 1991, Peterson & Peterson 1992). Herbaceous
cover responds to shrub cover by decreasing when shrub cover is high, and
increasing when shrub cover is low. Shade tolerant perennial forbs (e.g.
Aralia nudicaulis) dominate these species groups during this seral stage.
Cut Stands Without Residual Trees (Clearcuts)

Aggressive clonal plants often
dominate cutblocks.

Dense stands limit plant
dynamics.
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Persistent effects of clearcutting on local densities and distributions of forbs
and shrubs have been documented in later successional stages (Ruben et al.
1999). Taller shrubs (i.e. Alnus spp., Amelanchier alnifolia, Salix spp.) and
deciduous tree species (i.e. Populus spp.) that gained a cover advantage
immediately post-harvest will persist as dominants during this seral stage
(Van Cleve & Viereck 1981). Forbs, grasses and low shrubs become less
dominant species as the amount of available light decreases due to the
vigorous growth of taller shrubs and regenerating tree species (especially
aspen). As in stands regenerating after fire, herbaceous cover responds to
shrub cover by decreasing when shrub cover is high, and increasing when
shrub cover is low.
Vascular plant composition in post-harvest stands changes over time, but
relative to changes post-fire, the differences are less pronounced. The plant
community in 1 year-old post-harvest stands was more similar to 14 year-old
post-harvest stands compared to similar aged post-fire stands (Crites unpubl.).
Ruben et al. (1999) classified forb species based on changes in their density
25 years post-harvest compared to adjacent undisturbed old stands; of the 23
most frequent species, seven (including Aralia nudicaulis) were classified as
insensitive (showing little or no change in density), six (including
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Maianthemum canadense) were classified as sensitive (showing lower
density), four were classified as enhanced (showing higher density), and six
(including Smilacina racemosa, Trientalis borealis) were classified as edgeenhanced (showing higher density near the clearcut edges). Overall there was
a lower density of forb species in the 25 year-old clearcuts relative to adjacent
forest, and this result was exemplified by the fact that 17 of the 23 common
species showed decreased density with distance into the clearcut blocks.
Burned Stands With Residual Live Trees
Residual patches are sources
of new recruits.

Residual live trees in post-fire stands provide patches of pre-disturbance
habitat (depending on patch size and distribution) for vascular plants.
Recruitment of species lost in burned areas is a function of dispersal ability
and proximity of viable seed. Burned areas with large amounts of live residual
trees will have proximal sources of potential new recruits. In these stands, the
rate of regrowth and succession may be faster than expansive burned areas
with little residual pre-fire habitat.
Cut Stands With Residual Live Trees

Over time, plant communities
in small residual patches lose
their resemblance with preharvest communities.

Large residual patches more
closely resemble pre-harvest
communities.

During this phase residual patches will still maintain linkages to pre-harvest
forests, although, substantial differences will be apparent particularly around
the fringes of small patches; all patch fringes will be subject to edge effects
and a subsequent influence on the plant community (i.e. increased available
light results in increased cover levels of plants at the edge). Within different
sized residual patches, it is reasonable to expect different responses from the
plant communities. Small residual patches, in all likelihood, will be
influenced to a greater extent by vegetation dynamics in the surrounding
cutovers. In 10–15 years it may be difficult to distinguish understorey
communities in small residual patches (i.e. 20 m diameter), particularly in
aspen stands, from those found throughout adjacent cutovers. While this
almost certainly will not be the case inside large residual patches (i.e. >100 m
diameter), the understorey plant communities within them will still be
influenced by surrounding cutovers, and will likely show some edge effects.
Intermediate sized residual patches would show an intermediate response.
Comparison Between Burned and Cut Stands

Post-fire and post-harvest
plant communities remain
different during this seral
stage.
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There are a number of mechanisms that potentially contribute to decreased
density in cutblocks during this seral stage relative to adjacent undisturbed
forest. These mechanisms include mortality due to the immediate effects of
harvesting disturbance, changes in the physical and biological environment
that have developed or persisted since harvesting, and ongoing processes of
dispersal and colonization from adjacent undisturbed forests. While there is
likely a similar reduction in plant species diversity during this seral stage
following wildfire, the patterns of change differ when comparing seral stages
following wildfire and harvest. The most prominent influence determining
patterns of change in plant successional trajectories can be attributed to the
unique post-fire community lacking in post-harvest sites; differences initiated
in the previous seral stage persist throughout this seral stage. However, the
fact that Crites (unpubl.) found that post-harvest stands during this seral stage
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resembled older post-fire stands is encouraging; it suggests that convergence
of post-harvest and post-fire successional trajectories may be feasible, but
temporally staggered.
Old-Growth Structure of Harvest Stands
Cutblocks with residual
patches will more resemble
natural stands.

Regenerating clearcut stands, in this stage, have no old-growth structure nor
do they have old-growth function. Vascular plant communities growing
within residual patches will resemble the pre-harvest stands more than plant
communities in the cutovers. It is possible that residual patches within
coniferous cutblocks may be approaching an age at which old-growth
characteristics may develop (i.e. at harvest the blocks were not old-growth,
but remaining residual patches will be up to 25 years older). However, with
deciduous stands being harvested well before reaching the old-growth stage, it
is unlikely that residual patches in deciduous cutblocks will contribute any
old-growth characteristics to the cutblock during this stage. Harvested stands
with residuals will have greater vertical and horizontal structure than
harvested stands without residuals.
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE
Parallel Succession Development
Burned Stands Without Residual Live Trees

Shrubs persist in dense stands.

Stand structural changes
improve abiotic factors.

Plant communities respond to
new microclimate.
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Despite having relatively short lifespans (4 years on average for Corylus
cornuta; Mallik et al. 1997ab), many shrubby species (e.g. Alnus spp.,
Corylus cornuta) are capable of perpetuation in older stands because of their
competitive ability, even though overall stem density decreases over lengthy
successional periods (Mallik et al. 1997ab). During the first years of this seral
stage, as the aspen canopy closes and lifts from the forest floor, shade
intolerant shrubs (e.g. willow) decrease in density and cover, and shadetolerant species (e.g. alder) generally increase in density and cover.
Changes in species composition and abundance at a site are closely related to
changes in both abiotic conditions (e.g. light, moisture, and temperature),
which occur after canopy closure, and to tree replacement throughout the
course of succession. Dominance by one overstorey species over another
influences nutrient concentrations in the soil (De Grandpré et al. 1993, Jeglum
& He 1995, Lavoie & Sirois 1998); changes in light quantity and spectral
quality, as well as in litter accumulation, influence the composition and
abundance of understorey vegetation (De Grandpré et al. 1993). In boreal
mixedwood stands, where understorey spruce trees begin dominating
understorey layers, substantially less light may reach the forest floor, and as a
result, forb communities below may shift to shade-tolerant dominants (e.g.
Aralia nudicaulis, Ledum groenlandicum, Linnaea borealis). Some species
(typically annual and biennial forbs) that are not well adapted to low light
conditions may disappear during the early years of this seral stage. However,
the majority of boreal plant species are, at least, present throughout the course
of succession largely because of successful persistence through vegetative
perpetuation. Most observed changes, during the first half of this seral stage,
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are related to variation in relative abundance (or cover), and this variation is
driven by biotic and abiotic changes caused by successional variation in
canopy composition.

Mixedwood and conifer stands
have lower diversity of plants
compared to deciduous stands.

According to De Grandpré et al. (1993) and Bergeron (2000), the gradual
increase of conifer trees in the canopy, and the concomitant decline in
abundance of deciduous trees, coincides with a decrease in richness, diversity
and evenness in the vascular understorey community. They attributed this
result to the fact that dominance of deciduous trees during early succession
(Initiation, Establishment and early Aggradation) created more suitable light
conditions and soil temperature for the development of understorey species
than did a canopy of conifer trees. Nevertheless, the presence of a mixed
canopy created different micro-site conditions that may have had an impact on
species composition and abundance, ultimately increasing heterogeneity on a
within-stand scale (De Grandpré et al. 1993).
Cut Stands Without Residual Live Trees

Clearcut influences persist
during early successional
stages, but fade during later
successional stages.

Most species showing sensitivity to clearcutting (i.e. through reduced density)
25 years post-harvest did not show similar sensitivity 60 years post-harvest
(Ruben et al. 1999). In fact, only one species had lower density in 60 year-old
clearcuts than adjacent forests. This suggests that vascular plant communities
in older cutblocks more closely resemble natural stands over time.
Burned Stands With Residual Live Trees

Residual trees add
heterogeneity and provide
critical habitat.

Boreal deciduous stands in the latter part of this seral stage typically have
well-developed and homogeneous understorey plant communities. Remnant
patches of residual trees will add heterogeneity to a stand and thus, would
alter the abiotic characteristics (e.g. light availability, moisture, nutrients) and
have an influence on vascular plant competitive interactions.
Cut Stands With Residual Live Trees
As regenerating trees grow through the aggradation stage and into mature
stands, residual patches maintain a level of continuity to old-growth habitat.
This continuity will include maintenance of veteran trees and snags, but also
will include inputs of downed woody material and vertical structure.
Naturally, relative contributions of these factors by residual patches depends
on the size of the original patch and the extent to which blow down and edge
effects have limited the incorporation of forest structure into the cutblock.
These remnant structures will provide critical habitat not found in cutovers
that may maintain understorey plant species adapted to stable old forest
habitats (Hannerz & Hånell 1997). As regenerating stands mature, it may be
that small residual patches result in a greater contribution of old-growth
characteristics because veteran trees and snags will be more widely dispersed
throughout regenerating cutovers. Veteran trees and snags will be restricted to
relatively small refugia in large residual patches. Naturally, this difference
will only be realized if small residual patches do not blow down completely
during earlier seral stages.

ALBERTA RESEARCH COUNCIL
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Comparison Between Burned and Cut Stands
Evidence suggests convergence
for some plant species groups.

Crites (unpubl.) suggested that for plant communities, post-fire and postharvest successional trajectories begin to converge after approximately 60
years. Although it is not known if the post-fire and post-harvest successional
trajectories that appear to converge after 60 years will thereafter follow the
same trajectory; the alternative is that the trajectories converge for a short
duration and then diverge. On both trajectories, a closed canopy that restricts
light availability to the understorey dominates the environmental factors that
determine plant species composition.
Old-Growth Structure of Harvest Stands

Residual patches incorporate
old-growth structure into
cutblocks.

Old-growth structure and function will be observed in regenerating cutblocks
with residuals. Naturally, the greater the retention following harvest, the
greater the contribution towards old-growth attributes. By this seral stage
individual trees within residual patches will have aged, grown, and likely
fallen; fallen trees add very important material into all dead wood decay
classes (all decay classes remain limited in post-harvest stands) contributing
to old-growth structure. Residual patches will break-up the homogeneous
canopy of the regenerating cutblock, and thus, will increase horizontal
heterogeneity across the block. Plant communities growing within residual
patches will resemble the pre-harvest stand more so than plant communities in
the cutovers, and will act as sources of dispersal.
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Overstorey tree composition
changes as stands age.

Microclimate changes,
resulting in compositional and
frequency changes to plant
species.
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The successional trajectory of overstorey tree species in the boreal forest is
influenced by numerous biotic and abiotic factors, including soil type,
moisture regime and fire frequency. These factors are highly inter-correlated
and, by the end of this seral stage, produce complex and heterogeneous
stands. A number of studies have demonstrated that soil type and hillslope
position play a significant role in determining the dominant type of overstorey
tree species throughout this dynamic seral stage. For example, white spruce is
typically found downslope on alluvial flood deposits (Larson 1997, Bridge &
Johnson 2000). Downslope sites also tend to be wetter, and boreal forests on
wetter soils with a lower fire frequency tend to exhibit directional succession
(i.e. replacement of pioneer deciduous species by late-successional conifer
species; Bergeron & Dubuc 1989, Frelich & Reich 1995, Youngblood 1995,
Larsen & MacDonald 1998, Larocque et al. 2000). In contrast, aspen is
typically found upslope on silt, and in general, boreal forests on drier soils
with a higher fire frequency exhibit cyclic trajectories that tend to maintain
aspen stands (Larsen 1997). The exact mechanisms involved in pure aspen
stand persistence are, as yet, poorly understood, but certainly the absence or
failure of spruce recruitment in early seral stages is a requirement (see
Chapter 8).
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Plant communities respond to
changes in abiotic conditions.

Vascular plant species richness
decrease in old conifer stands.
Plant interactions play critical
role in population dynamics.
Dominance shifts to
nonvascular plants.

Vascular plant species compositional changes during this seral stage remain
under the influence of changes to forest structure (i.e. changes from closed
canopy mature stands to open canopy old-growth stands). Drapeau et al.
(1999) suggested that the incorporation of gap dynamics into stand structure
drives vascular plant composition in the boreal forest, rather than forest
continuity (i.e. an absence of disturbance for a long period of time). As a
result, changes in plant communities at this stage in succession are a result of
the inherent properties of the diverse horizontal and vertical structure found in
older stands, and are not just a consequence of time since the last fire.
Species richness and diversity is highest in mature-aged boreal stands relative
to younger and older boreal stands for both herbaceous (Table 6.6) and
shrubby (Table 6.7) vascular plant species. Despite having a well-established
spruce understorey, younger mixedwood stands had lower richness and
diversity, likely due to the homogeneous stand structure associated with
younger stand age (Bradbury pers. obs.) Both types of mature-aged stands had
well-developed, multi-layered structural attributes; the mixedwood stands had
dense sub-canopy understorey spruce and the aspen stands had dense
understorey alder. While both stand types had rich and diverse vascular plant
communities, the community composition varied because of the influence of
different sub-canopy layers (Bradbury unpubl.). The importance of forest
structure and dominant canopy species is further exemplified by examining
plant communities from structurally different but similarly aged boreal stands
(Tables 6.8 and 6.9). In these stands the highest richness was observed in
aspen stands with well-developed shrub layers or developing understorey
spruce compared to closed canopy conifer stands. However, lower vascular
plant species richness and diversity observed in older conifer stands reflects a
change in plant dominance; by the end of this seral stage, nonvascular plants
dominate the ground layer, thereby reducing the importance of vascular plant
species.
Vascular plant communities are not solely influenced by forest structure and
canopy cover. Other biotic and abiotic factors also play a critical role. For
example, changes occurring in vascular plant populations (via increases or
decreases in reproductive output, clonal growth, and number and size of
leaves) may be induced by external factors such as herbivory and nutrient
availability (John & Turkington 1995); vascular plant changes at the
population level manifest themselves into further changes at the community
level.

Canopy gaps increase
structural variability.
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Boreal spruce stands tend to be dominated by Vaccinium spp., Ledum
groenlandicum, Cornus canadensis, Maianthemum canadense and Linnaea
borealis (Zoladeski & Maycock 1990), while aspen stands tend to be
dominated by Alnus crispa, Aralia nudicaulis, Aster spp., Cornus canadensis,
Maianthemum canadense and Streptopus spp. (Zoladeski & Maycock 1990).
Understorey species composition in older boreal mixedwood forests consist of
common shrubby plants like Ledum groenlandicum, Vaccinium vitis-idaea,
Empetrum nigrum, Viburnum edule, Rubus spp., and Cornus canadensis.
Elymus innovatus, Equisetum sylvaticum and Epilobium angustifolium are
dominant grass and herbaceous plant species (Lee et al. 1982).
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Post-fire herbaceous and low
shrub plant species richness
and diversity is higher in
younger deciduous compared
to older coniferous stands.

Table 6.6
Vascular plant species (annual, biennial and perennial forbs, low
shrubs and exotics) richness and Shannon diversity from boreal forests of
northwestern Alberta. Data sampled from a 10 m2 area in each stand as part of the
Mixedwood Biodiversity Project, ARC.

Stand type
Deciduous
Pure aspen
Mixedwood
Understorey
>750
Mixedwood
Understorey
>500
Coniferous
Spruce

No. Age Species
Richness1
6
85 46.3a ± 5.3

ANOVA

Shannon
Diversity1

ANOVA

15.3a ± 1.4

6

85

44.8a ± 4.4

F = 22.43

15.0a ± 1.4

F = 29.94

6

65

30.3b ± 3.9

p <0.0001

10.5b ± 1.5

p <0.0001

6

130

31.3b ± 4.0

9.6b ± 1.0

1.

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.

Table 6.7
Vascular plant species (tall shrubs) richness and Shannon diversity
from boreal forests of northwestern Alberta. Data sampled from a 160 m2 area in each
stand as part of the Mixedwood Biodiversity Project, ARC.
Post-fire tall shrub plant
species richness and diversity
is higher in younger deciduous
compared to older coniferous
stands.

Stand type
Deciduous
Pure aspen
Mixedwood
Understorey
>750
Mixedwood
Understorey
>500
Coniferous
Spruce

No.

Age

Species
Richness1

ANOVA

6

85

23.3a ± 4.7

6

85

21.5a ± 5.6

6

65

12.8b ± 3.8

6

130

9.2b ± 2.7

1.

Shannon
Diversity1

ANOVA

F = 14.90

6.1a ± 1.7

F = 11.39

p <0.0001

3.8b ± 1.1

p < 0.001

7.1a ± 1.5

2.8b ± 1.3

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.
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Post-fire herbaceous and low
shrub plant species richness is
higher in deciduous compared
to similarly aged coniferous
stands.

Table 6.8
Vascular plant species (annual, biennial and perennial forbs, low
shrubs and exotics) richness and Shannon diversity from boreal forests of
northwestern Alberta. Data sampled from a 1.25 m2 area (unpublished Alberta
Research Council data).

Stand type
Deciduous
Pure aspen
Deciduous
Understorey
<250
Coniferous
Understorey fir
Coniferous
Understorey
spruce

No.

Age

6

Shannon
Diversity1

ANOVA

F = 10.18

2.0a ± 0.3

F = 10.22

p < 0.001

2.0a ± 0.3

p < 0.001

Species
Richness1

ANOVA

100

10.4 a ± 0.3

6

100

10.3 a ± 1.7

6

105

8.7b ± 1.1

6

105

7.1c ± 1.3

2.4a ± 0.1

1.6a ± 0.3

1.

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.

Post-fire tall shrub plant
species diversity is higher in
deciduous compared to
similarly aged coniferous
stands.

Table 6.9
Vascular plant species (tall shrubs) richness and Shannon diversity
from boreal forests of northwestern Alberta. Data sampled from a 20 m2 area
(unpublished Alberta Research Council data).

Stand type
Deciduous
Pure aspen
Deciduous
Understorey
<250
Coniferous
Understorey fir
Coniferous
Understorey
spruce

No.

Age

Species
Richness1

ANOVA

6

100

11.2 a ± 1.9

6

100

12.7 a ± 2.9

6

105

10.8a ± 1.2

6

105

9.5a ± 2.2

1.

Shannon
Diversity1

ANOVA

F = 2.20

1.2a ± 0.3

F = 19.66

p = 0.12

0.6b ± 0.3

p<0.0001

1.5a ± 0.3

0.4b ± 0.2

Means followed by the same letter are not significantly different using Student’s t
test with α = 0.05.
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Different vascular plant species composition, and changes in cover, across a
range of boreal stand types during this seral stage result in measurably
different plant species richness and community diversity. The increased
structural variability in pure aspen and mixedwood stands compared to similar
aged conifer stands, increases the number of microhabitats (i.e. canopy gaps,
large fallen trees, heterogeneous mixture of deciduous and coniferous trees,
multiple shrub layers, etc.) and thus, increases vascular plant species
diversity. A later shift in dominance from vascular plant species to
nonvascular plant species reduces the richness and diversity of vascular plants
in older conifer stands.
Cut Stands Without Residual Trees (Clearcuts)

Some plant species groups may
exhibit evidence of
successional trajectory
convergence.

It is reasonable to expect that many stands during this seral stage (particularly
towards the end) will develop understorey and shrub plant communities that
resemble plant communities originating naturally. This would result from
similar structural processes acting on developing stands and on the vascular
plant communities found in them, even if the initial post-disturbance plant
communities are quite different. For example, in later years of this seral stage,
aspen break-up creates canopy gaps. In response to increased light intensity
beneath these gaps, shade-intolerant shrubs (Rubus spp., Corylus cornuta,
Alnus spp.) and forbs will be quick to establish from the seedbank (Qi &
Scarratt 1998); the microhabitat created by this very important structural
process will occur in older stands regardless of their origin.
In contrast, vascular plant species abundance and cover may be quite different
in post-fire and post-harvest seres due to differences in nutrient regimes
derived from differences in volume and decay stage of downed woody
material. Furthermore, as Drapeau et al. (1999) suggested, the simple passage
of time does not necessarily guarantee the development of typical late stage
plant communities; far more important in the development of late stage plant
communities is the availability of structurally diverse stand attributes (i.e.
canopy gaps, horizontal and vertical heterogeneity, large trees, and multilayered strata).
Burned Stands With Residual Live Trees
By this stage post-fire it is very unlikely that residual trees will remain in
regenerating stands. However, they will have provided possible refugia or
seed sources during stand regeneration, and will have contributed to existing
horizontal structural heterogeneity.
Cut Stands With Residual Live Trees

Residual patches will have
contributed to stand structural
heterogeneity.
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As in post-fire stands, post-harvest residual trees will have disappeared from
regenerating stands. However, they will have provided possible refugia or
seed sources during regeneration. Fallen residual trees will have provided
inputs of downed woody material that is limiting in post-harvest stands, and is
a requirement for many germinating seeds. Stands with residual trees will
have a more heterogeneous vertical and horizontal structure and will more
resemble natural old-growth stands than stands without residual trees. Post6-25
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harvest plant community succession will likely achieve convergence with
post-fire trajectories sooner in stands with residuals than in stands without
residuals. Any management activity, that leads to development of increased
horizontal and vertical structural variability (Drapeau et al. 1999) will
improve the likelihood that appropriate environmental conditions are
produced to ensure that late-stage plant communities are self perpetuating.
Managed deciduous stands will likely be harvested early in this seral stage
and thus, tracking and ensuring convergence of the successional trajectories
should be of primary concern for these stands.
Comparison Between Burned and Cut Stands

Residual patches facilitate
plant community successional
trajectory convergence.

Failure of convergence is
detrimental to sustainability.

Current evidence (Crites unpubl.) suggests that vascular plant communities
following post-harvest and post-fire successional trajectories begin to
converge just prior to, or during this seral stage. However, there have been
few previous studies, and with the existing studies being retrospective, their
results have not been definitive. Also, even though these post-disturbance
trajectories do begin to converge at some point, we do not know if they
remain overlapping or if they subsequently diverge some time later. The key
to achieving convergence, in the first place, lies in creating the appropriate
conditions in post-harvest sites that are comparable to conditions in post-fire
sites. The keys to maintaining convergence also require complementary
conditions post-disturbance, but also likely include a management plan that
considers the time of re-entry into managed stands. This is particularly true
for managed deciduous stands because they will be entering their second
rotation near the beginning of this seral stage. It is likely that only managed
conifer stands, rather than managed deciduous stands, will reach the later seral
stages since harvest.
If post-fire and post-harvest plant communities have not converged by this
time since disturbance, it is unlikely that convergence will be achieved prior
to the second rotation. In that case, it is likely that dramatic and potentially
catastrophic differences in plant communities will be realized during the
subsequent rotation. Many natural species may be lost in managed stands,
many natural species may be found in highly non-natural frequencies and
abundances, and non-natural species may achieve dominance. The
consequences of such dramatic changes are much more far-reaching than
simply for the plant communities; plant communities create habitat, substrate,
and provide food for other organisms, and substantial changes would
inevitably influence all trophic levels and many ecological processes.
Old-Growth Structure of Harvest Stands

Natural processes occurring in
very old cutblocks generate
old-growth characteristics.
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In the later years of this seral stage, if not harvested again, regenerating
cutblocks will begin the necessary processes required for generation of oldgrowth structure (i.e. ageing trees, growth of large trees, canopy break-up,
etc.). As a result, post-harvest stands themselves will potentially generate oldgrowth structure, and naturally, this process will be facilitated by residuals
that were left post-harvest. In aspen stands that will be harvested during the
early years of this seral stage, it is very unlikely that old-growth attributes will
develop in the absence of residuals.
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OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees
Spruce dominates the canopy
in old boreal stands.

Nonvascular plants dominate
ground layers under old
conifer stands.

Competition with nonvascular
plant species reduces vascular
plant species richness.

Canopy gaps produce patches
of diverse vascular plant
assemblages.
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Under our current understanding of boreal forest successional dynamics, the
longevity of spruce enables it to dominate aspen by this seral stage. While
there are accounts of pure aspen stands reaching this seral stage, their
distribution on the landbase is negligible (see Chapter 8). Due to the
increasing dominance of spruce in boreal stands of this age, there is a general
shift in dominance from vascular plant species to nonvascular plant species
beneath a closed conifer canopy. Some terrestrial nonvascular plants are
aggressive colonizers, and quickly dominate ground layer vegetation during
old-growth seral stages (see Chapter 7).
While there is a loss of dominance by vascular plant species during this seral
stage, this loss of dominance is typically manifested into a reduction in cover
for most vascular plant species, rather than a dramatic loss of species richness.
Relative to mid-successional stages (11-25 years and 26-75 years post-fire),
an increase in the abundance of early successional vascular plant species, and
a general increase in vascular plant species richness and diversity have been
observed during the old-growth seral stage after fire (Harvey & Bergeron
1989); if nonvascular plants are included in the biodiversity indices, there
becomes a dramatic increase in overall plant species diversity in old-growth
seral stages. This pattern is a direct result of an increase in the number of
openings in the canopy caused by gap generating phenomena including
senescence of aspen through incidence of decay, and outbreaks of spruce
budworm (Choristeneura fumiferana). Gap disturbance fundamentally
contributes to forest ecosystem characteristics, such as structural
heterogeneity (both vertically and horizontally), species composition of the
tree layer, variation in ground microtopography and understorey vegetation
(Kuuluvainen 1994). These factors all contribute to an increase in
heterogeneity, and thus, an increase in stand level vascular plant species
diversity, despite reduced vascular plant cover.
The reaction of understorey species to these openings differs according to
abiotic micro-site conditions (Okland et al. 1999, Okland & Eilertsen 1996,
Nygaard & Odegaard 1999), availability of colonizing species (Bergeron &
Dansereau 1993), and other biotic interactions (i.e. herbivory, production of
secondary metabolites, etc.). For example, herbaceous and low shrub vascular
plant communities will be dominated by shade-tolerant species (e.g.
Equisetum arvense, Equisetum sylvaticum, Linnaea borealis, Vaccinium vitisidaea) throughout the homogeneous conifer forest matrix, but below canopy
gaps, deciduous forest dominant and shade-intolerant species thrive (e.g.
Aster spp., Aralia nudicaulis, Lathyrus ochroleucus, Mertensia paniculata,
Symphoricarpos albus, Vaccinium myrtilloides, Viburnum edule), quickly
outcompeting other species. Tall shrub dominance is largely determined by
moisture level and soil type. In general, Salix spp. and Alnus spp. are the
major competitors on poorly drained sites; Betula spp. and Prunus spp.
dominate on thin organic deposits and coarse deposits, and aspen dominates
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on fine-textured deposits (Harvey & Bergeron 1989). Overall, therefore,
vascular plant diversity in old-growth boreal forests increases relative to midseral stages.
Cut Stands Without Residual Trees (Clearcuts)

Very old cutblocks have lower
vascular plant diversity.

Many plant species growing in
old-growth stands also grow
and reproduce in younger seral
stages.

Nygaard & Odegaard (1999) found a general decrease in frequency for many
vascular plant species in old-growth stands following harvest, and related this
decrease to an increase in standing tree volume (compared to post-fire stands
of the same age). They attributed the decrease in frequency and persistence
for several species to internal processes rather than effects of forestry
measures or atmospheric deposition. The growth of the tree layer may have
suppressed the ground vegetation by increasing shading, litter-fall and root
competition, and by changing nutrient cycling.
All vascular plant species are adapted to a range of environmental conditions
and seral stages, but exhibit their highest abundance and reproductive effort
within a relatively narrow subset of environmental conditions and seres. Even
though some species show preferences for old-growth forests (i.e. increased
cover and reproductive effort), Bergeron & Harvey (1997) have suggested
that these old-growth forest types do not necessarily act as refugia for such
species. A vascular plant species may prefer the environmental conditions
existing in old-growth habitat, but because the same species are found
growing and reproducing in other seral stages (albeit with reduced vigour),
these alternate populations are capable of providing sources of seed for
dispersal, expansion or growth from outside old-growth seral stages.
The argument could be made that loss of old-growth habitat does not
eliminate species from the landbase if they exist in a reproductive state in
other seral stages. While this may be true for vascular plant species that reach
their maximum abundance and reproductive efficiency in old-growth stands,
they may be lost over successive rotations on a managed landbase,
particularly if convergence is not maintained before rotation, and in the
presence of highly competitive species adapted to managed stands.
Burned Stands With Residual Live Trees
Even though greater than 125 years have passed since stand initiation, and
stands of this age generally exhibit self-generated old-growth structure, the
inclusion of residual live trees at the time of disturbance likely has a persistent
influence. Most, if not all, residual trees will have fallen to the ground and
added valuable DWM into the carbon and nutrient cycles, and will have
created gaps in the canopy. These structural attributes will have created stand
heterogeneity and an increase in microhabitat. At this stage in succession,
post-fire stands that had residual trees likely have similar vascular plant
communities to post-fire stands that had no residual trees, but the added
structural heterogeneity would likely increase species richness. The
assemblage of vascular plants growing below canopy gaps will depend on
when the original residual trees fell (i.e. how long succession has been filling
in the gap) and the surrounding forest matrix.
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Cut Stands With Residual Live Trees
Most plant species groups
successional trajectories will
have converged.

After 125 years post-harvest, it is likely that many vascular plant species
group successional trajectories will have converged with vascular plant
species in naturally originating stands. It is quite likely that the presence of
live residuals in cutblocks will facilitate and quicken this convergence, by
adding heterogeneity to structure throughout stand development. It is
expected that longer rotation times will increase the probability that most
ecological processes will have occurred within managed stands.
Comparison Between Burned and Cut Stands
Given the length of time that cut and burned stands have had to develop, it is
likely that convergence of most plant species groups will have occurred. The
presence of residual trees in cutblocks will have facilitated this process.
Old-Growth Structure of Harvest Stands
The original residual material will have blown down by this stage,
contributing very important volumes of downed woody material. The stands
will begin to display old-growth structure and function. The inclusion of
original residual material will only improve the diversity of habitat types and,
ultimately, vascular plant diversity.
VASCULAR PLANT RESPONSES TO FOREST EDGES

Most information on edges
comes from forest/old field
edges.

The ecological and conservation implications of edges for biota in general
have been recently reviewed (Harris 1984, Yahner 1988, Murcia 1995,
Temple & Flaspohler 1998). Most research on the influence of edge habitat on
vascular plants focuses on old field/forest edges; this body of work is
responsible for most of the current theory and data on edge effects, but it
should be noted that these studies were conducted on edges that were
permanent or, at least, maintained for several decades. There is a growing
volume of research on short-lived forest edges (i.e. existing until green-up or
canopy closure) originating from wildfire or forestry, but this volume of
information is devoted almost entirely to the initial stages of regeneration
post-disturbance. The main difference between short-lived and long-lived
forest edges is the period of time in which altered microclimatic factors can
cause plant community edge effects. Permanent forest edges tend to develop
edge habitat, but the evidence supporting edge habitat development next to
short-lived forest edges is less conclusive. Furthermore, the length of
exposure to altered conditions required to manifest edge effects in the
vascular plant community is poorly studied in boreal Alberta, and the
lingering consequences of the altered plant communities in ageing edge
habitat (i.e. 10–50 years post-disturbance as wildfires and cutblocks
regenerate) is unknown. This chapter briefly reviews current theory and
known plant responses to forest edge habitat in the boreal forests of Alberta.
There are three types of effects on edge habitat (discussed in detail by Murcia
1995): 1) abiotic effects, whereby changes in microclimatic conditions are
created by proximity to a structurally dissimilar forest matrix (e.g. light,
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Edge effects have been studied
in different forest types, but
poorly in boreal forest types.

Plant species groups differ in
their ability to adapt to edge
habitat.

Plant
species groups
respond
An hypothesized
short-term
differently
to
edge
habitat.
model describes plant
responses to edge effects.

ALBERTA RESEARCH COUNCIL

humidity and temperature gradients); 2) direct biotic effects, which involve
changes in the distribution and abundance/cover of plant species as a direct
result of the altered physical conditions created at the edge and the plant
species physiological tolerances; and 3) indirect biological effects, which
result from species interactions, such as increased herbivory or altered seed
dispersal efficiency. The abiotic mechanisms responsible for causing edge
effects in the plant community have been studied in a wide variety of forest
types (Matlack 1994, Glenn et al. 1998, Meiners & Pickett 1999, Gelhausen
et al. 2000). Microclimatic variables differ in the degree to and distance over
which they show an edge effect. Relative humidity typically shows the widest
edge while light and soil moisture have the steepest gradients (i.e. narrower
edge). Aspect influences are evidenced by the existence of more pronounced
edge effects on south and west forest edges, except when these edges are
protected by adjacent habitat (i.e. newly regenerating burned areas or
cutblocks; Matlack 1994); edge effects penetrated roughly twice as far on
south- rather than north-facing edges (Fraver 1994, Gelhausen et al. 2000),
but this response is influenced significantly by forest type.
In their review of how habitat edges change species interactions, Fagan et al.
(1999) identified four general categories of mechanisms that fundamentally
alter species interactions in edge habitat. While these principles are not
restricted to plants, and indeed may be more appropriate for other types of
wildlife, each does provide valuable insight into the influence of edge induced
species interactions among plants and other organisms. In their first
mechanism, edge habitat differentially restricts or facilitates organism or
propagule movement among species within a landscape. Secondly, edge
habitat differentially contributes to species mortality by simply not providing
the appropriate conditions for growth and reproduction (e.g. light or
moisture). Thirdly, the success of resident species in the edge habitat may be
facilitated by the reproductive activities of the same species in adjacent forest
(Janzen 1983). For example, plant species may grow in the edge habitat but
may depend on recruitment of reproductive propagules from outside the edge
habitat. Finally, edges create unique habitat, and thus, unique interactions
among species may develop.
In theory, the plant communities of interior forest stands exhibit a typical edge
effect response to disturbance. Halpern et al. (1999) developed an
hypothesized short-term edge effect response by the plant community to
harvesting in conifer forests of the Pacific Northwest (Figure 6.2). While this
model was developed for coastal montane forests, the principles are also
applicable to homogeneous boreal forests (i.e. deciduous or coniferous);as
discussed below, boreal mixedwood forests present a special case scenario. In
general, early-seral or open-site adapted species occupy the greatest cover or
relative abundance in the newly disturbed area. These cover or abundance
values decrease dramatically inside residual patches or the adjacent forest
matrix. The distance of measurable plant species responses depends on aspect
and abruptness of the edge (i.e. feathered edges generally show less drastic
edge effects). In contrast, forest interior species increase in abundance/cover
with distance away from the edge towards the interior forest matrix or
residual patch, although, small patches may not have the appropriate forest
interior conditions to support adequate growth of shade tolerant species.
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Edge

Relative abundance

Fo res t g en eralis t
Early s eral (n o rth
as p ect)
Early s eral (s o u th
as p ect)
Fo res t in terio r (n o rth
as p ect)
Fo res t in terio r (s o u th
as p ect)
Fire d ep en d en t

Hypothetically, vascular plant
species groups respond
differently to edge habitat.
Cutover

Forest matrix or residual

Figure 6.2
Hypothesized short-term, qualitative responses of three groups of
understorey taxa as a function of distance from the edge of a residual patch or
adjacent forest matrix. Responses are expected to differ between north- and southfacing edges. Modified from Halpern et al. (1999).

Certain species show improved vigour in edge habitat. These species tend to
be forest generalist species that also do well below canopy gaps. While this
representation was developed to depict plant responses following harvest,
similar results could be expected in edge habitat created following wildfire,
but with some minor differences. For example, after fire, fire dependent
species play a dominant role in burned areas, but reach negligible importance
immediately outside the burn. In addition, forest generalist species will have
reduced vigour in burned areas compared to cutover areas.

Abiotic conditions change with
distance from edge.
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Changes to distribution of vascular plant species and community composition
indicate that competition plays an important role in influencing the response
of vegetation to the edge and interior forest gradient (Ranney et al. 1981,
Chen et al. 1992, Fraver 1994, Matlack 1994, Burke & Nol 1998, Gelhausen
et al. 2000). Studies from non-Alberta forests have documented edge effects,
and have indicated that newly created edge habitat is a refuge for shadeintolerant species unable to compete with shade-tolerant species within the
forest interior. For example, shade-intolerant native and exotic species
outcompete others 0-25 m from the edge where light is highest (Burke & Nol
1998); highly competitive shade-tolerant species are present but have low
cover values. Further from the edge (40–80 m) under low light conditions,
these aggressive shade-tolerant species increase and outcompete other shadetolerant native forest species that would otherwise replace edge species.
Shade-tolerant native forest species remain in low numbers in the interior and
may be able to outcompete disturbance-tolerant species under certain
conditions. Typical dominant understorey taxa possess morphological or
physiological traits (e.g. rhizomatous vegetative growth) that confer resistance
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to disturbance and enable vigorous expansion once resource conditions
improve. Other long-lived herbaceous perennials may decline in edge habitat
because the abiotic conditions and biotic interactions therein prevent
recruitment (Jules & Rathcke 1999). Many studies have found a decline in
sapling density with increasing distance from forest edge (Ranney et al. 1981,
Palik & Murphy 1990, Brothers & Springarn 1992, Fraver 1994), while others
have found large fluctuations in sapling numbers (Gelhausen et al. 2000).

Boreal stands are inherently
“edgy”.

Plant species groups often do
not respond to new edges in
Alberta boreal forests.

Vegetation responds to microclimate to a large extent, but variation in the
plant community is evident beyond the point where microclimate has
stabilized. In certain forest types that typically exhibit highly variable plant
community composition and abundance, inherent variation may mask edge
effect responses (e.g. boreal mixedwood). It is expected that homogeneous
boreal conifer and deciduous stands will exhibit a typical edge effect response
to disturbance in a similar manner to the studies described above. This
response would result primarily from the dramatic increase in light quality
and quantity available in the newly created edge habitat. Bradbury (unpubl.)
did not detect any changes to the vascular plant community in edge habitat
created in different sized deciduous and coniferous residual blocks in
northwest Alberta two years post-harvest; it may require more than two years
post-disturbance for a measurable response to be observed. Similarly, Harper
(1999) observed minimal edge effects adjacent to boreal mixedwood forest
cutblocks in central Alberta, due to the inherent “edgy” nature and rapid
regrowth of adjacent aspen suckers. Furthermore, boreal aspen and
mixedwood stands have a relatively open, shorter deciduous canopy, and due
to the frequent natural disturbance regime (i.e. fire, tent catepillar outbreaks,
high incidence of decay fungi) may be more resistant to edge influence. In
reality, it may be difficult to distinguish “edge habitat” within the highly
variable forest matrix of boreal mixedwoods. In her study, Harper (1999)
observed a decline in total shrub cover at edges and attributed this decline to
herbivory and/or competition from aspen suckers in the adjacent cutblock.
This conjecture is supported by the observed minimal response of Rubus spp.,
understorey forbs and perennials (including shade tolerant understorey
obligates like Aralia nudicaulis, Linnaea borealis and Mitella nuda) to edge
habitat, and highlights the importance of considering biodiversity in general
when evaluating the overall influence of edge habitat.
Higher plant species richness and diversity in forest edges compared to forest
interior have been reported in a number of previous non-Alberta forest studies
(Ranney et al. 1981, Brothers & Springarn 1992, Fraver 1994). Explanations
for greater species richness in edge habitats have been associated with more
favourable microclimatic variables such as increased light, moisture and
humidity (Matlack 1994, Glenn et al. 1998, Gelhausen et al. 2000).
Gelhausen et al. (2000) suggested that edge habitat may play a role in
maintaining biodiversity, especially in a forest that is undergoing a transition
in its canopy species (e.g. a transition from vascular plant species rich
mixedwood forest to vascular plant species poor conifer forest). However,
without a complete understanding of the role of natural edges in boreal forests
of Alberta, incorporating newly created anthropogenic edges into biodiversity
management plans would be risky.
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Where edge effects are
observed, their longevity
depends on forest type.

The longevity of edges depends on whether regeneration in the adjacent area
is suppressed (i.e. in a farmland setting) or encouraged (i.e. in a cutblock
setting); edges adjacent to maintained open areas typically develop a side
canopy of woody vegetation (Cadenasso et al. 1997), whereas, in cutblocks,
sapling regeneration likely prevents, or at least suppresses, side canopy
development. Edge effects on forb and shrub communities were detected
adjacent to 16 year-old clearcut blocks in Alberta boreal mixedwood stands,
but only as a general increase in forb richness within 5 m of the edge (Harper
1999); even shade tolerant species expected to exhibit a negative response to
edge formation, did not exhibit a consistent response.
In both a post-harvest and post-fire scenario, as cutover and burned areas
regenerate, the abiotic characteristics that define edge habitat are rapidly lost.
Mixedwood stands that tend not to exhibit edge effects likely have similar
vascular plant communities in the ageing edge habitat compared to interior
mixedwood forest. Boreal stands that have edge habitat in which a plant
response has occurred will likely begin succeeding to interior-type
communities shortly after adjacent cutovers or burns have regenerated to the
point where the physical environmental conditions have stabilized. This
process likely occurs within 30 years and is aided by rapid tree growth,
particularly of aspen, within the cutblocks or burns immediately adjacent to
undisturbed forest edges. Regeneration around the periphery of cutblocks and
burns is often expedited due to proximity of seed sources (Hughes & Bechtel
1997) and availability of vegetative propagules.
VASCULAR PLANT RESPONSES TO RIPARIAN RESIDUALS

Riparian habitat increases
boreal forest diversity.

Riparian vegetation regulates
biotic and abiotic factors.
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The boreal forest is a naturally diverse ecosystem driven largely by the
stochastic forces of wildfire operating within an upland/wetland mosaic.
Further diversity is added to the ecosystem with the inclusion of riparian
corridors along rivers, streams and adjacent to wetlands and lakes. Naiman et
al. (1993) described natural riparian corridors as “the most diverse, dynamic,
and complex biophysical habitats on the terrestrial portion of the Earth”. This
complexity arises because riparian corridors encompass sharp environmental
gradients, multiple and varied ecological processes, and interactions between
animal and plant communities at the interface between aquatic and terrestrial
systems. Diversity is maintained by the ability of the biotic system to adjust to
the constantly changing conditions of the riparian corridor (i.e. flooding, fire,
landslides, debris accumulation, channel migration; Naiman et al. 1993,
Timoney & Robinson 1996, Timoney et al. 1997, Tabacchi et al. 1998).
Variable plant species richness, in space and time along stream margins, has
important influences on in-stream biota and processes. Riparian vegetation is
known to regulate light and temperature regimes, provide nourishment to
aquatic and terrestrial biota, regulate the flow of water and nutrients from
uplands to the stream, and provide inputs of large woody debris; large woody
debris is essential in riparian habitat because it influences sediment routing,
channel morphology and in-stream habitat (Naiman et al. 1993, Obedzinski et
al. 2001). High vascular plant diversity occurs in riparian habitat for four
primary reasons: 1) the intensity and frequency of floods (Naiman et al. 1993,
Pollock et al. 1998, Tabacchi et al. 1998, Gom & Rood 1999), 2) small-scale
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variation in topography and soils resulting from channel migration (Naiman et
al. 1993, Helm & Collins 1995, Schwendenmann 2000), 3) climatic changes
occurring over elevational gradients or as rivers flow across biomes (Naiman
et al. 1993, Holt et al. 1995, Denneler et al. 1999), and, 4) disturbances
(including fire) imposed on the riparian corridor from upland habitat (Lee
pers. comm., Helm & Collins 1997, Gom & Rood 1999). The combination of
these factors results in a highly dynamic and heterogeneous ecosystem that
supports a wide array of different vascular plant species.

Vascular plant species richness
is higher in frequently
disturbed riparian systems.

Distinct bands of riparian
vegetation exist.

In boreal ecosystems where fire is the most frequent disturbance, areas of high
productivity, and therefore areas of high plant species diversity, are correlated
with a higher fire frequency. It has been suggested that high fire frequency
occurs because of the increased biomass accumulation, and thus fuel
accumulation, in areas of high productivity (Pollock et al. 1998). In riparian
habitat, a similar trend is present, but the correlation between productivity and
diversity is spatially and temporally dependent. According to Pollock et al.
(1998), temporally regular floods (e.g. spring run-off, heavy summer rains)
are manipulated by stream microtopography into a spatially asynchronous
disturbance, resulting not only in a variable disturbance frequency, but also
variable disturbance intensity. With small sections of riparian habitat
experiencing different disturbance frequencies and intensities, different
vascular plant species assemblages become dominant in neighboring
microhabitat. The result is higher overall vascular plant diversity along the
riparian corridor (Nilsson et al. 1989, Naiman et al. 1993, Pollock et al. 1998,
Gom & Rood 1999, Rot et al. 2000). High levels of vascular plant
productivity along the riparian corridor are facilitated by periodic renewal of
nutrient supply through sediment deposition (Timoney et al. 1997,
Schwendenmann 2000). Sites with low variation in disturbance frequency
tend to have lower vascular plant species diversity.
Riparian vegetation above the annual high water line is infrequently disturbed
by flooding. However, some abiotic conditions found in this riparian habitat
along larger rivers and adjacent to lakes may approximate those found within
permanent forest edges, and thus may support a greater richness of vascular
plant species (Harper & MacDonald 2001). As a result, the two distinct bands
of vascular plant vegetation adjacent to riparian habitat (i.e. the band growing
within the frequently flooding margin, and the adjacent band just beyond the
flooding margin, but within the zone influenced by edge effects) typically
have higher vascular plant species diversity compared to interior forest
habitat.
River Riparian Habitat
High levels of vascular plant diversity have been found in riparian systems in
Sweden (Nilsson 1986, Nilsson et al. 1989), northwestern United States
(Gregory et al. 1991, Jonsson 1997, Rot et al. 2000), Alaska (Haggstrom &
Kelleyhouse 1996, Helm & Collins 1997), and Alberta (Timoney & Robinson
1996, Timoney et al. 1997, Gom & Rood 1999); although, there are few
descriptions of vascular plant communities in Alberta boreal riparian habitat.
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River margins support diverse
assemblages of plants.

Substrate type influences plant
species assemblages.

River bottom old-growth is
unique habitat.

Peace River (northeastern Alberta) lowland successional pathways are
discussed in Timoney et al. (1997). In general, succession is neither linear nor
predictable, with pioneering Salix spp. on alluvial carrs succeeding to either
white spruce dominated, mixedwood dominated (white spruce/balsam poplar)
or balsam poplar dominated stands (Timoney & Robinson 1996). Even in
coniferous riparian habitat, deciduous tree and shrub species dominate near
stream assemblages, whereas coniferous species dominate with increasing
distance from river (Pabst & Spies 1999, Nierenberg & Hibbs 2000, Rot et al.
2000). This difference has been attributed to increased density of conifers
rather than a decreased density of hardwoods (Nierenberg & Hibbs 2000, Rot
et al. 2000), and suggests that hardwoods have the competitive advantage at
streamside (Pabst & Spies 1999).
Frequently flooded sites are usually dominated by seed dispersed forbs and
graminoids; water dispersal of seed has a very important role in structuring
the riparian flora (Johansson et al. 1996, Timoney et al. 1997). In contrast,
infrequently flooded sites are usually dominated by perennial vascular plants
of a clonal or rhizomatous nature (Timoney et al. 1997, Pollock et al. 1998),
but species dominance is further regulated by soil type and texture. Silty sites
are often dominated by Equisetum spp., medium-textured sites are often
dominated by Salix spp., and sandy sites are often dominated by Populus spp.
(Helm & Collins 1997, Timoney et al. 1997). Wildlife herbivory may restrict
the height growth of Populus spp. and Salix spp. in younger riparian stands
(Helm & Collins 1997). Unproductive sites (i.e. gravel bars), regardless of
flooding frequency are species limited, but often colonized by highly
adaptable and competitive Dryas spp. (Helm & Collins 1997). Fire
disturbance along riparian corridors has been shown to stimulate clonal
regeneration of riparian cottonwoods (Gom & Rood 1999).
Vascular plant species richness increased with age in river bottom old-growth
white spruce stands in northeastern Alberta (Timoney & Robinson 1996).
Old-growth stands were characterized by herbaceous species including
Circaea alpina, Dryopteris carthusiana, Gymnocarpium dryopteris, Moneses
uniflora, Lycopodium annotinum and vegetative Viola spp. (Timoney &
Robinson 1996); shrub species including Alnus spp. and Betula spp. (Timoney
et al. 1997).
Lakeshore Riparian Habitat

Lakeshore water levels
determine plant diversity.
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The seasonal flooding gradient was the main factor determining the
distribution of vascular plant species around lakes in boreal Quebec (Denneler
et al. 1999) and Nova Scotia (Holt et al. 1995). Similar to rivers prone to
flooding, lakes with highly variable water levels tended to have higher
vascular plant richness (Holt et al. 1995). Harper and MacDonald (2001)
observed a structurally more complex and compositionally different riparian
forest compared to interior forest up to a distance of 40 m from an Alberta
lakeshore edge. Within the riparian habitat closest to the lakeshore, increased
light levels resulted in greater sapling abundance and forb diversity (although
not forb richness), but shrub richness and diversity were lower than that
observed further (>20 m) from the lakeshore edge (Harper & MacDonald
2001).
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Harvesting Riparian Habitat

Riparian buffers protect
unique habitat and plant
assemblages.

Fibre removal during harvest alters soil temperature, vascular plant species
composition and structural diversity of highly productive and diverse riparian
forest habitat (Obedzinski et al. 2001). Current practices in boreal Canada
involve the retention of buffer strips along the riparian corridor. These buffer
strips are hotly debated with respect to their windfirmness (Ruel et al. 2001),
their ability to mimic natural fire patterns (Lee unpubl.), and their utility for
wildlife.
Riparian buffers around lakes in Alberta boreal mixedwoods had greater
amounts of DWM, lower dominant tree density, greater Populus spp. sapling
density and cover, greater total herb cover, higher cover of S. albus, and L.
ochroleucus, and lower cover of A. nudicaulis, L. borealis and M. nuda,
compared to interior forest (Harper & MacDonald 2001). In riparian conifer
stands that have been harvested, poor regeneration of conifer seedlings has
been linked to limited seed dispersal rather than competing vegetation, despite
the typically abundant shrub and forb growth found in riparian habitat
(Timoney & Peterson 1996, Beach & Halpern 2001). In these systems,
mechanisms for improving seed dispersal rather than vegetation control may
improve regeneration.

Riparian buffers should target
specific plant communities.

Vascular plant communities and structural characteristics vary in riparian
habitat found in Alberta boreal stands. In general four plant assemblages can
be found: 1) plant assemblages associated with the lake shoreline or river
margin, 2) plant assemblages associated with riparian forest edge habitat
within 5–10 m of the shoreline or river margin, 3) plant assemblages
associated with interior forest habitat (i.e. absence of edge effects), and 4)
plant assemblages associated with natural or non-natural edge habitat (Harper
& MacDonald 2001). On a harvested landbase, to ensure that lakeshore forest
edge vascular plant assemblages are maintained, Harper & MacDonald (2001)
suggested that riparian buffer strips would have to be at least 100 m wide.
They further stated that to maintain forest interior vascular plant assemblages,
riparian buffer strips would have to be at least 200 m from lakeshore edge to
clearcut edge (Harper & MacDonald 2001). The debate over appropriate
riparian buffer widths has not yet concluded. Current buffer width guidelines
do not accurately mimic natural disturbance patterns (P. Lee, pers. comm.),
and it is unclear if riparian habitat is adequately protected or overprotected. It
is highly likely that adopting more of a natural disturbance pattern for riparian
habitat management would mean harvesting up to the streambank in certain
circumstances, and leaving wide buffers in other circumstances. Any
management plan that includes harvesting riparian buffers should consider
that pattern alone will not sustain plant assemblages; consideration must also
be given to the natural processes that are altered or lacking (e.g. release of fire
dependent forbs) when riparian habitat is harvested rather than burned.
KEY FINDINGS
Fire dependent forbs thrive in the first couple of years after fire. During this
time of vigorous growth, these species deposit seed into the seedbank thereby
allowing them to persist in a viable but dormant state until the next fire. Fire
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dependent forbs occur in very low frequency and abundance in other seral
stages, but only in highly disturbed microhabitat, such as exposed mineral
soils associated with root throws and landslides. Because fire dependent forbs
grow in burned duff and soil, an increasing amount of live residuals results in
a decreasing abundance of fire dependent forbs.

Fire dependent forbs are
poorly represented in managed
stands.

Fire dependent species can be found in post-harvest stands, but at
substantially lower frequency and abundance compared to post-fire stands. It
is unknown whether the amount of seed produced in post-harvest stands is
sufficient to maintain population viability, should a subsequent fire break
dormancy. In contrast to most vascular plant species groups, increasing
amounts of live residuals in cutblocks reduces the abundance of fire
dependent forbs. Salvage logging post-fire stands may reduce the abundance
and vigour of fire dependent forbs, by mechanical damage. The viability of
fire dependent forbs throughout rotation of managed stands has not been
studied in Alberta boreal forests.
On a managed landbase, fire dependent forbs likely require more attention
than that achieved with coarse filter management. Without burning of
cutblocks, post-fire and post-harvest stands will not share common
successional fire dependent species characteristics. Furthermore, fire
dependent forbs should be managed using a post-fire successional stage
template rather than an old-growth management paradigm. If seed viability is
significantly reduced in managed stands, it is likely that fire dependent
species will be lost after a few rotations; this has not been tested. A
summarized comparison of fire dependent forb trajectories is provided in
Table 6.10.

Graminoids are aggressive in
managed stands.

Management of graminoids
should consider other plant
species.

ALBERTA RESEARCH COUNCIL

On the basis of fire intensity, graminoids are generally controlled in post-fire
stands. In stands with high pre-fire graminoid growth, and mild fire
conditions, graminoid growth can be substantial, and thus, can slow the
ingress of other species and tree seedlings. In general, graminoids are present
throughout succession, being most abundant in early seral stages, decreasing
during the establishment stage and then increasing richness and abundance as
stands develop variable structure through time. Species richness remains high
in structurally variable stands throughout the latter seral stages, although
specific data on graminoid richness and cover throughout succession is scanty
at best.
Graminoids typically grow very well in post-harvest environmental
conditions, and are the focus of intense management during the initiation
stage after harvest. Excessive graminoid growth can dominate vascular plant
succession, delaying and often eliminating tree seedling growth. In such
stands, vigorous graminoid growth will outcompete other vascular plant
species for several decades, significantly delaying and altering successional
trajectory convergence. While a great deal of research has focused on the
problems of excessive graminoid growth in new cutblocks, the successional
response of graminoids in later seral stages has not been studied in Alberta
boreal forests. It is currently unknown if contemporary forest management
practices maintain graminoid species richness or abundance later in seral
stage development.
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INITIATION
0 – 10 yrs
• fire breaks dormancy
from seedbank; important
colonizers of charred soil
• vigorous flush of growth
and return to dormancy in
seedbank within 2-3 yrs
post-fire
• dormancy from
seedbank broken on highly
disturbed sites: road
margins, decks, fringes of
burn piles
• abundance minimal
compared to wildfire;
unknown if growth
adequate to “top up”
seedbank
• remnant populations
grow from rhizomes in
less severe fires;
distribution fire
dependent, thus patchy
• generally tolerant of
microclimatic change
• new recruits by
expansion and
immigration
• pre-fire stands with high
graminoid abundance and
minor fire could have
vigorous growth after fire
• slow recolonization of
severe fires by
immigration; facilitated by
live residual patches
• dormant in seedbank
• viability of seedbank
resources unknown
• minimal emergence in
disturbed microsites

• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, graminoid
cover associated with
stand openness; richness
increases

• dormant in seedbank
• viability of seedbank
resources unknown

• dense overstorey
growth creates poor
understorey microhabitat;
general reduction in
understorey cover
• in general, in patchy
distribution in open
stands; variable species
richness depending on
site characteristics;
general reduction in
overall cover
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AGGRADATION
26 – 75 yrs
• dormant in seedbank
• minimal emergence in
disturbed microsites

ESTABLISHMENT
11 – 25 yrs
• dormant in seedbank

• open deciduous and
mixedwood stands with
patchy distribution;
highly variable species
assemblages
• closed conifer stands
with reduced richness and
abundance
• increasing cover by
nonvascular plants adds
additional competition

• dormant in seedbank
• viability of seedbank
resources unknown
• minimal emergence in
disturbed microsites

MATURE
76 – 125 yrs
• dormant in seedbank
• minimal emergence in
disturbed microsites

Key findings of vascular plant assemblages following wildfire and anthropogenic disturbance in Alberta boreal forests.

POST-FIRE
GRAMINOIDS

POSTHARVEST
FIRE
DEPENDENT
FORBS

SPECIES
GROUP
POST-FIRE
FIRE
DEPENDENT
FORBS

Table 6.10

• canopy gaps improve
habitat quality; highly
variable species richness
and cover in all stand
types
• competition with
nonvascular plants

• dormant in seedbank
• viability of seedbank
resources unknown
• minimal emergence in
disturbed microsites

OLD-GROWTH
> 125 yrs
• dormant in seedbank
• minimal emergence in
disturbed microsites

UNDERSTOREY VASCULAR PLANTS

• seedbank dependent;
regrowth from seedbank in
less severely burned sites;
delayed growth and
substantially lower initial
abundance
• seedbank killed in severe
fire; slow recolonization
by immigration; facilitated
by live residual patches
• must tolerate microclimate change; shade
tolerant species dormant

• seedbank dependent
• rapid vigorous growth of
species tolerant of
microclimate change;
increased species richness

POST-FIRE
ANNUALBIENNIAL
FORBS

POSTHARVEST
ANNUALBIENNIAL
FORBS

ALBERTA RESEARCH COUNCIL

• remnant populations
grow from rhizomes; preharvest stands with high
graminoid abundance
generally have vigorous
growth after harvest
• generally tolerant of
microclimatic change
• new recruits by rapid
expansion of existing
clumps and immigration

POSTHARVEST
GRAMINOIDS

• dense overstorey
growth creates poor
understorey microhabitat;
potential loss of some
stand heterogeneity
through stand tending
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• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, species must
compete with perennial

• dense overstorey
• tree canopy lifts and
growth creates poor
thins; improved ground
understorey microhabitat; layer microhabitat allows
potential loss of some
understorey development
stand heterogeneity
• in general, graminoid
through stand tending;
cover associated with
general reduction in
stand openness; richness
understorey cover
increases
• stands with high
• dominance breaks down
abundance in previous
in managed stands with
sere maintain higher than excessive graminoid
average abundance; dense cover due to competition
graminoid cover highly
from forest generalist
competitive and reduces
species; aggressive
growth of managed trees
competitors increase in
cover at graminoid
• in general, in patchy
distribution in open
expense
stands; variable species
• likely requires reduced
richness depending on
growth for convergence
site characteristics
• dense overstorey
• tree canopy lifts and
growth creates poor
thins; improved ground
understorey microhabitat layer microhabitat allows
understorey development
• reduction in cover of
all but the most shade
• in general, species
tolerant species and early richness increases but
seral species in deciduous must compete with
stands
perennial forbs and
grasses that grow from
rootstock

• species richness
increases in stands with
diverse canopy trees
• gaps become sources of
species richness; within
uniform stand matrix,

• species richness
increases in stands with
diverse canopy trees
• gaps become sources of
species richness; within
uniform stand matrix,
particularly conifer,
richness reduced

• species richness highest
in stands with diverse
canopy trees
• gaps become sources of
species richness; within
uniform stand matrix,
particularly conifer,
richness reduced;
viability in seedbank
essential for colonization
below canopy gaps
• competition from
nonvascular plants
reduces richness
• if managed stands reach
this seral stage, species
richness increases in
stands with diverse
canopy trees
• gaps become sources of

• open deciduous and
• if managed stands reach
mixedwood stands with
this seral stage canopy
patchy distribution;
gaps improve habitat
highly variable species
quality; highly variable
assemblages
species richness and
cover in all stand types
• closed conifer stands
with reduced richness and • competition with
abundance
nonvascular plants
• convergence more likely
• increasing cover by
nonvascular plants adds
with similar structural
features
additional competition
• convergence more
likely with similar
structural features
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• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, perennial
forb cover well
established and
associated with stand
heterogeneity and

• dense overstorey
growth creates poor
understorey microhabitat;
potential loss of some
stand heterogeneity
through stand tending
• reduction in cover of
all but the most shade
tolerant species

POSTHARVEST
PERENNIAL
FORBS

• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, perennial
forb cover associated
with stand heterogeneity
and openness; richness
increases but variable due
to canopy tree species;
generally competitive
with annual species

• dense overstorey
growth creates poor
understorey microhabitat
except for shade tolerant
species
• reduction in cover of
all but the most shade
tolerant species

• remnant populations
grow from rootstock in
less severe fires;
distribution fire
dependent, thus patchy
• generalist species
tolerant of microclimatic
change; shade tolerant
species restricted
• new recruits by
expansion; immigration
limited (facilitated by
residual patches)
• slow recolonization of
severe fires by
immigration; facilitated by
live residual patches
• remnant populations
rapidly grow from
rootstock; vigorous
growth often occurs after
harvest by species tolerant
of microclimatic change
• few new recruits on
roads, decks, burn piles by
slow immigration;

POST-FIRE
PERENNIAL
FORBS

forbs and grasses that
grow from rootstock;
often disadvantaged by
aggressive/vigorous
rootstock species;
richness generally
reduced
• managed stands with
highest levels of residuals
likely exhibit initial
stages of convergence

• reduction in cover of
all but the most shade
tolerant species and early
seral species in deciduous
stands
• advantage to species
that flourished and set
seed after harvest
• competition with
graminoids and weeds

• roads, decks and burn
piles recolonized by
immigration from outside
cutblock (facilitated by
residual patches) or
expansion from
flourishing growth in
cutover

POSTHARVEST
ANNUALBIENNIAL
FORBS

• well established
perennial forb cover;
species richness increases
in stands with diverse
canopy trees
• gaps become highly
competitive sites with
annual species

• species richness
increases in stands with
diverse canopy trees
• gaps become highly
competitive sites with
annual species

particularly conifer,
richness reduced
• stands with structural
similarities to natural
stands likely have
converging assemblages

• if managed stands reach
this seral stage, species
richness highest in stands
with diverse canopy trees
• gaps become highly
competitive sites with
annual species
• competition from
nonvascular plants

species richness; within
uniform stand matrix,
particularly conifer,
richness reduced;
viability in seedbank
essential for colonization
below canopy gaps
• competition from
nonvascular plants
reduces richness
• convergence likely in
managed stands with
similar structure to
natural stands
• species richness highest
in stands with diverse
canopy trees
• gaps become highly
competitive sites with
annual species
• competition from
nonvascular plants
reduces richness
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• dense overstorey
growth creates poor
understorey microhabitat;
potential loss of some
stand heterogeneity
through stand tending
• reduction in cover of
all but the most shade
tolerant species
• advantage to shade
tolerant species that
showed vigorous growth
after harvest

• remnant populations
grow from rootstock in
less severe fires;

POST-FIRE
TALL
SHRUBS
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• rapid growth of tall
shrubs and pole stage
overstorey tree species;

• dense overstorey
growth creates poor
understorey microhabitat
• reduction in cover of all
but the most shade
tolerant species

• remnant populations
grow from rootstock in
less severe fires;
distribution fire
dependent, thus patchy
• generally tolerant of
microclimatic change
• new recruits by
expansion; immigration
limited (facilitated by
residual patches)
• slow recolonization of
severe fires by
immigration; facilitated by
live residual patches
• remnant populations
rapidly grow from
rootstock; vigorous
growth often occurs after
harvest by species tolerant
of microclimatic change
• few new recruits on
roads, decks, burn piles by
slow immigration;
facilitated by vigorous
growth in cutovers and
residual patches

POST-FIRE
LOW SHRUBS

POSTHARVEST
LOW SHRUBS

• advantage to shade
tolerant species that
showed vigorous growth
after harvest

facilitated by vigorous
growth in cutovers and
residual patches

POSTHARVEST
PERENNIAL
FORBS
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• well established, but
limited low shrub
richness, but species
richness increases in
stands with diverse
canopy trees
• gaps become highly
competitive sites with
forb species
• stands with structural
similarities to natural
stands likely have
converging assemblages
• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, low shrub
cover associated with
stand heterogeneity and
openness; richness
increases but may be
suppressed by lingering
effects of previous seres
• monoculture stands
likely have a number of
dominant species, and
few others
• tree canopy lifts and
thins; improved ground
layer microhabitat allows

• species richness and
cover highest in stands
with diverse canopy trees

• if managed stands reach
this seral stage, species
richness highest in stands
with diverse canopy trees
• gaps become highly
competitive sites with
forb species
• competition from
nonvascular plants
reduces richness
• convergence likely in
managed stands with
similar structure to
natural stands

• species richness
increases in stands with
diverse canopy trees
• gaps become highly
competitive sites with
forb species

• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development
• in general, low shrub
cover associated with
stand heterogeneity and
openness; richness
increases but associated
with tree canopy mixture

• species richness and
cover largely determined
by canopy tree

nonvascular plants
reduces richness
• convergence likely in
managed stands with
similar structure to
natural stands
• species richness highest
in stands with diverse
canopy trees
• gaps become highly
competitive sites with
forb species
• competition from
nonvascular plants
reduces richness

• stands with structural
similarities to natural
stands likely have
converging assemblages

openness; tree
monocultures suppress
diversity
• convergence with
natural stand initiated
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distribution fire
dependent, thus patchy
• must be tolerant of
microclimatic change
• new recruits by
expansion; immigration
limited (facilitated by
residual patches)
• slow recolonization of
severe fires by
immigration; facilitated by
live residual patches
• some species target of
herbivory
• remnant populations
rapidly grow from
rootstock; growth often
occurs after harvest by
species tolerant of
microclimatic change; tall
shrubs can be highly
competitive with
regenerating trees
• few new recruits on
roads, decks burn piles by
slow immigration;
facilitated by growth in
cutovers and residual
patches
• some species target of
herbivory
• minimal response; wind
dispersed or vectored into
burns by mechanical
traffic
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POST-FIRE
EXOTICS

POSTHARVEST
TALL
SHRUBS

POST-FIRE
TALL
SHRUBS

• tree canopy lifts and
thins; improved ground
layer microhabitat allows
understorey development,
thus competition for
water and nutrients from
ground layer vegetation
• in general, tall shrub
cover associated with
stand heterogeneity and
canopy tree mixture
• under ideal conditions,
tall shrubs grow
vigorously at the expense
of other vascular species
• highly competitive
natural vascular flora
tends to outcompete
exotics; generally
minimal frequency and
abundance

• rapid growth of tall
shrubs and pole stage
overstorey tree species;
tall shrubs can be highly
competitive with
regenerating trees;
potential loss of stand
heterogeneity through
stand tending; eventually
overstorey species
overtop tall shrubs
• some species target of
herbivory

• dense overstorey
growth creates poor
understorey microhabitat
• minimal frequency and
abundance
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understorey development,
thus competition for
water and nutrients from
ground layer vegetation
• in general, tall shrub
cover associated with
stand heterogeneity and
canopy tree mixture
• under ideal conditions,
tall shrubs grow
vigorously at the expense
of other vascular species

eventually overstorey
species overtop tall
shrubs
• some species target of
herbivory

• highly competitive
natural vascular flora
tends to outcompete
exotics; generally
minimal frequency and
abundance
• highly competitive
nonvascular flora begins
to colonize ageing stands

• species richness and
cover largely determined
by canopy tree
composition
• vigorous growth occurs
below gaps
• stands with structural
similarities to natural
stands likely have
converging assemblages

composition
• vigorous growth occurs
below gaps

• highly competitive
natural vascular flora
tends to outcompete
exotics; generally
minimal frequency and
abundance
• highly competitive
nonvascular flora begins
to dominate ageing stands

• species richness and
cover highest in stands
with diverse canopy trees
• vigorous growth below
gaps
• stands with structural
similarities to natural
stands experience
convergence

• vigorous growth below
gaps

UNDERSTOREY VASCULAR PLANTS

• potentially abundant
growth along roads and
decks; wind dispersed or
vectored into cutblocks by
mechanical traffic
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POST-FIRE
EXOTICS
POSTHARVEST
EXOTICS
• dense overstorey
growth creates poor
understorey microhabitat
• reduction in cover but a
presence is often
maintained; substantial
seedbank reserve may
have been created in
previous sere
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• stands that have
substantial seedbanked
exotics risk vigorous
growth under appropriate
conditions
• if exotics become
established in the
understorey they will
outcompete many
endemic species

• stands that have
substantial seedbanked
exotics risk vigorous
growth under appropriate
conditions
• if exotics become
established in the
understorey they will
outcompete many
endemic species
• highly competitive
nonvascular flora begins
to colonize ageing stands

to colonize ageing stands
• stands that have
substantial seedbanked
exotics risk vigorous
growth under appropriate
conditions
• if exotics become
established in the
understorey they will
outcompete many
endemic species
• highly competitive
nonvascular flora begins
to colonize ageing stands

to dominate ageing stands
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On a managed landbase, graminoid cover is not at risk, but graminoid species
richness must be considered. Species that grow very well post-harvest could
easily outcompete and eliminate less aggressive species (both graminoid and
other vascular plant species groups). Because of their propensity for excessive
growth in newly created cutblocks, graminoids should be managed using a
post-fire management template that targets initial species composition and
abundance. Manipulation of prescribed burns and residual retention should
lead to successional trajectory convergence, but has not been tested. A
summarized comparison of graminoid trajectories is provided in Table 6.10.

Annual forbs often flourish in
post-disturbance stands.

In fire stands less severely burned, annual forbs flourish from the seedbank; in
severely burned stands, seedbank emergence is significantly reduced. In these
stands residual patches are very important sources of new recruits for burned
areas. During the establishment stage, where regenerating trees form a dense
low canopy that restricts light, annual species richness and abundance
decrease. As stands develop, richness and abundance increase, peaking in
older deciduous stands and conifer stands with many canopy gaps and high
structural variability. Closed conifer stands are typically annual forb species
limited. Little data exists in intermediate seral stages for Alberta boreal
forests.
Post-harvest stands, particularly deciduous cutblocks, usually have abundant
annual forb growth immediately post-disturbance. Conifer and mixedwood
stands show a reduced response, largely due to the reduced pre-harvest
species abundance. The rapid and vigorous growth of annual forbs
immediately post-harvest decreases as stands enter the establishment stage;
under the dense canopy species richness and abundance decrease. Because
annual forbs are sensitive to microhabitat, and as similarities in abiotic factors
(largely light and moisture) increase between post-fire and post-harvest stands
in mid-succession, the communities will begin to converge. There is very little
data from all seral stages following harvest from Alberta boreal forests.

Management should focus on
convergence of plant species
groups cover values.

On a managed deciduous landbase, annual cover is not at risk, but species
richness must be monitored. In older stands annual species will have to
compete with aggressive perennial forbs and nonvascular plants. Species that
grow well immediately post-harvest likely have abundant resources in the
seedbank, and thus, have the potential of sustained growth throughout
rotation. Annual species tend to grow less frequently and in lower abundance
in older stands (except below canopy gaps where microhabitat improves). As
a result, forethought is required to ensure that older harvested stands have
been granted appropriate and specific management consideration (i.e.
residuals as a seed source). In post-fire stands, the response of annual forbs
depends on the severity of the burn, the age of the burned stand, and the
canopy tree species composition of the burned stand. As a result, proper
management post-harvest should reflect this variability; these contentions
remain to be tested. A summarized comparison of annual forb trajectories is
provided in Table 6.10.

Perennial forbs are welladapted to disturbance.

Vascular plants in the boreal forest are well adapted to frequently disturbed
habitats (i.e. short fire return intervals, canopy gaps, insect outbreaks, wind
and landslide damage). The majority of species reproduce rapidly from
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rootstocks, rhizomes and other tissue (see Table 6.1). These mechanisms
allow plants to acquire resources year after year in the same location, expand
into new locations, and survive disturbance. Perennial forb species surviving
disturbance in situ have a competitive advantage over other species that must
immigrate into the disturbed site. Nevertheless, severe fires can eliminate
even the most hardy of perennial forb species. Many perennial forb species
invade newly burned habitat via seed dispersal (i.e. Aster spp.) and, once
established, continue to grow vegetatively. As a result, perennial forbs, even
though they may be delayed after severe fires, begin to recolonize burned
areas quickly. During closed canopy seral stages, shade tolerant perennial forb
species dominate the ground vegetation. In mature seral stages richness and
abundance increases because of their highly competitive nature, although data
supporting these patterns are largely lacking for Alberta boreal forests. In oldgrowth stands, while perennial forb species richness is maintained, abundance
tends to decrease due to increasing competition from nonvascular plants.
Canopy gaps and stand heterogeneity increase richness in old-growth stands.

Structural similarities between
cutblocks and burned stands
will maximize convergence.

Because rhizomes tend to survive harvest, perennial forb species often thrive
in the high light environment of new cutblocks. These species often achieve
dominance in cutblocks at abundance levels greater than natural stands. While
this dominance is reduced during closed canopy seral stages, species richness
and abundance is likely maintained into older seral stages; data is lacking
from these seral stages.
On a managed landbase, convergence of perennial forb species successional
trajectories likely occurs in older stands with similar structural characteristics.
Because of the likelihood of successional trajectory convergence, a post-fire
management paradigm that maximizes microhabitat similarities between postdisturbance stands (i.e. residuals) will likely produce convergence more
rapidly. Nevertheless, it is possible that aggressive and highly competitive
perennial forbs may outcompete annual forbs for resources. Specific research
should be conducted to verify these contentions. A summarized comparison of
perennial forb trajectories is provided in Table 6.10.

Low shrubs survive
disturbance efficiently.
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As a group of vascular plants, low shrubs have many similar characteristics to
perennial forbs. The majority of species reproduce rapidly from rootstocks,
rhizomes and other woody tissue (see Table 6.1), or simply grow new aerial
tissue from the previous years growth. As with perennial forb species, low
shrubs surviving disturbance in situ have a competitive advantage over other
species that must immigrate into the disturbed site. Low shrub species invade
newly burned habitat via seed dispersal (i.e. Ribes spp., Vaccinium spp.) and,
once established, continue to grow vegetatively; other species are very
aggressive competitors due to clonal growth (i.e. Cornus canadensis). As a
result, low shrubs, even though they may be delayed after severe fires, begin
to recolonize burned areas quickly. During closed canopy seral stages, shade
tolerant low shrub species dominate the ground vegetation. In mature seral
stages, low shrub species richness and abundance increase because of the their
highly competitive nature. Low shrub species richness is generally maintained
in old-growth stands however, abundance tends to decrease. Clonal species
often exclude other species by aggressive colonization of ideal microhabitats.
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Canopy gaps and stand heterogeneity increase species richness in old-growth
stands.
Convergence will be facilitated
by creating stands with natural
structure.

Because rhizomes and stolons tend to survive harvest, low shrub species often
thrive in the high light environment of new cutblocks. These species, along
with perennial forbs often achieve dominance in cutblocks at abundance
levels greater than natural stands. While this dominance is reduced during
closed canopy seral stages, species richness and abundance is likely
maintained into older seral stages.
On a managed landbase, convergence of low shrub species successional
trajectories likely occurs in older stands with similar structural characteristics.
Because of the likelihood of low shrub species successional trajectory
convergence, a post-fire management paradigm that maximizes microhabitat
similarities between post-disturbance stands (i.e. by increasing residuals) will
likely produce convergence rapidly. Nevertheless, it is possible that
aggressive and highly competitive low shrubs and perennial forbs may
outcompete annual forbs for resources. As a result, convergence of the
successional trajectory of vascular plants, as a whole, must be considered as
well as successional trajectories of species groups. As with other vascular
plant species groups, there exists little supporting data for all seral stages with
the exception of the initiation stage and certain stand types in the mature and
old-growth seral stages. A summarized comparison of low shrub trajectories
is provided in Table 6.10.

Tall shrubs provide important
food sources in recently
disturbed habitat.

Tall shrubs often survive fire in a patchy distribution, based on pre-fire
distribution and fire intensity. In areas that experienced severe fires,
recolonization may be slow because of the dependence on seed immigration.
In the establishment seral stage, tall shrubs can be aggressive competitors
with regenerating trees, but there is a lack of quantifiable evidence
demonstrating this contention. Tall shrub species richness and abundance
decrease in young stands where they are overtopped by canopy tree species.
As stands mature, tall shrub species richness and abundance increase
especially in stands with variable canopy tree species composition and canopy
gaps.
Rapid vegetative growth of tall shrubs post-harvest generally results in
cutblocks having higher tall shrub abundance than pre-harvest stands.
Abundant growth during the initiation seral stage is generally reduced during
canopy closure from competition with regenerating tree species. It is likely
that, in the absence of silvicultural practices directed at them, tall shrubs will
have a competitiveness adequate to maintain their richness and abundance;
although, this remains to be tested in Alberta boreal forests.

Tall shrubs can dominate postharvest stands.
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Tall shrub distribution and abundance is generally variable; on a managed
landbase, tall shrub distribution and abundance will probably become less
variable because of the generally less severe disturbance resulting from
harvest practices. It is likely that tall shrub successional trajectories will be
similar in mature stands, however the challenge may be in maintaining
convergence in old-growth stands. Little data exists on tall shrub diversity in
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old post-fire stands and no data exists from managed stands. A summarized
comparison of tall shrub trajectories is provided in Table 6.10.

Introduction of exotic species
is facilitated by anthropogenic
disturbance.

Exotic forb species generally do not occur with high frequency or abundance
after fire. The greatest threat for an invasion of exotics is by anthropogenic
vectoring into stands by fire-fighting equipment. In older stands, exotics may
vector into post-fire stands via seed dispersal from established populations
associated with road-ways, agricultural lands, and well sites. The extent to
which exotic forb species exist in mature and old boreal stands in Alberta has
not been studied.
Post-harvest stands may have a higher abundance and frequency of exotic
species due to high amount of anthropogenic traffic within cutblocks. Once
established, exotic species may persist throughout regeneration displacing
native species; the extent to which exotic forb species exist throughout
cutblock regeneration in boreal stands in Alberta has not been studied. In
managed stands, the frequency and abundance of exotic species should be
minimized. A summarized comparison of exotic species trajectories is
provided in Table 6.10.
MANAGEMENT IMPLICATIONS

Residual tree retention and
longer rotation times facilitate
successional trajectory
convergence.

Detailed management implications and recommendations are provided in
Table 6.11 below. For vascular plants as a whole, the most important
considerations for more rapid successional trajectory convergence include
leaving variable distributions and amounts of live residuals in cutblocks,
extending (rather than reducing) rotation times, and avoiding the creation of
tree monocultures. Most vascular plant species groups benefit from the
retention of live residuals because they create sources of propagules, act as
stepping stones that facilitate dispersal, and provide structure to cutblocks. On
the other hand, fire dependent forb species will not benefit from increased
residuals retained in cutblocks; more appropriate management considerations
for this species group consist of broadcast burning and a significant reduction
in salvage logging. Broadcast burning may also aid in the management of
graminoid, tall shrub and exotic vascular plants.
Extending rotation times increases the likelihood of successional trajectory
convergence. Environmental conditions and competitive interactions are often
variable, and the rate at which each vascular plant species group achieves
convergence is likely different. Convergence time and amount of residual
retention are probably highly correlated. One of the most important factors
leading to increased biodiversity of old-growth stands is the high amount of
structural variability found within older stands. By creating tree monocultures
on a managed landbase, a great deal of structural variability is lost, as is the
ability to effectively manage for pre-harvest levels of biodiversity.

Stand structure is critical to
sustaining biodiversity.

ALBERTA RESEARCH COUNCIL

More specific recommendations include the maintenance of DWM in
cutblocks and the reduction of damage to the duff layers. By leaving slash in
cutblocks at least some component of the total pre-harvest carbon is
maintained in the stand. DWM is critical to a functional carbon cycling
system, acts as an important seedbed in later stages of decay and creates a
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ANNUAL/BIENNIAL
FORBS

GRAMINOIDS

• maintain longer rotation times; larger amounts of
live residuals shortens convergence
• avoid managing for tree monocultures; actively
manage for mixed tree species stands

• leave patches of live residuals (larger the better)

• maintain longer rotation times; larger amounts of
live residuals shortens convergence

• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
• managed stands often have an initial pulse of vigorous growth; the goal
is to maintain the presence of these forbs through the initial seral stages so
that convergence occurs as stand structure converges; regenerating stands
with multiple canopy tree species increases diversity of ground layers,
provides variation in nutrient availability, and alters microhabitat
• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
large amounts of live residuals are found post-fire; residuals likely
facilitate convergence; residuals eventually add to DWM volume
• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
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• leave patches of live residuals (larger the better)

• identify stands with potential graminoid
dominance problems in pre-harvest assessment;
broadcast burn dense graminoid areas; may control
graminoid growth and facilitate management of fire
dependent forbs

RECOMMENDATONS
• do not salvage log all naturally burned areas
• broadcast burn cutblocks

• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
large amounts of live residuals are found post-fire; residuals likely
facilitate convergence; residuals eventually add to DWM volume

IMPLICATIONS
• managed stands do not duplicate the scorching effects of wildfire; some
species require the presence of fire to break seed dormancy; some species
that require post-fire habitat cannot compete with other plant species
during other seres
• pre-disturbance stands that have a significant graminoid component,
often have such vigorous graminoid growth post-harvest that regenerating
seedlings and other plant species are outcompeted; the scorching effects of
wildfire function as a growth control mechanism; some species require the
presence of fire to break seed dormancy; some species that require postfire habitat cannot compete with other plant species during other seres

Management implications and recommendations for vascular plants in Alberta’s boreal forest.

SPECIES GROUP
FIRE DEPENDENT
FORBS

Table 6.11

UNDERSTOREY VASCULAR PLANTS
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LOW SHRUBS

ANNUAL/BIENNIAL
FORBS
PERENNIAL FORBS

• leave patches of live residuals (larger the better)

• maintain longer rotation times; larger amounts of
live residuals shortens convergence
• winter logging reduces damage to duff layers;
maximize traffic-free zones; use low impact
equipment
• avoid managing for tree monocultures; actively
manage for mixed tree species stands

• leave patches of live residuals (larger the better)

• maintain longer rotation times; larger amounts of
live residuals shortens convergence

• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
large amounts of live residuals are found post-fire; residuals likely
facilitate convergence; residuals eventually add to DWM volume
• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
• compaction and mechanical disruption of duff damages microhabitat and
alters surfacial hydrology

• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
large amounts of live residuals are found post-fire; residuals likely
facilitate convergence; residuals eventually add volume to DWM
• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
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• managed stands often have an initial pulse of vigorous growth of shade
intolerant species; shade tolerant species decline in abundance and cover;
the goal is to maintain the presence of these shrubs through the initial seral
stages so that convergence occurs as stand structure converges;
regenerating stands with multiple canopy tree species increase diversity of
ground layers, provide variation in nutrient availability, and alter
microhabitat

• retain large pieces of DWM and stumps in
cutblocks; avoid extensive use of burn piles
• avoid managing for tree monocultures; actively
manage for mixed tree species stands

• to facilitate growth, many plant species often colonize rich humus or the
very oldest of decayed wood
• managed stands often have an initial pulse of vigorous growth of shade
intolerant species; shade tolerant species decline in abundance and cover;
the goal is to maintain the presence of these forbs through the initial seral
stages so that convergence occurs as stand structure converges;
regenerating stands with multiple canopy tree species increase diversity of
ground layers, provide variation in nutrient availability, and alter
microhabitat

UNDERSTOREY VASCULAR PLANTS
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EXOTICS

TALL SHRUBS

LOW SHRUBS

• leave patches of live residuals (larger the better)

• maintain longer rotation times; larger amounts of
live residuals shortens convergence
• avoid managing for tree monocultures

• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
large amounts of live residuals are found post-fire; residuals likely
facilitate convergence; residuals eventually add volume to DWM
• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
• regenerating stands with multiple canopy tree species increases diversity
of ground layers, provides variation in nutrient availability, and alters
microhabitat
• machinery and traffic vector exotics into managed stands; roads, skid
trails and decking areas are likely to be initial colonization sites

6-50

• identify stands with potential tall shrub
dominance problems in pre-harvest assessment;
broadcast burn dense tall shrub areas; may control
tall shrub growth and facilitate management of fire
dependent forbs

• managed stands often have an initial pulse of vigorous growth; tall
shrubs can be competitive with regenerating trees; the scorching effects of
wildfire function as a growth control mechanism

• broadcast burn high traffic areas; maximize
traffic-free zones

• winter logging reduces damage to duff layers;
maximize traffic-free zones; use low impact
equipment

• compaction and mechanical disruption of duff damages microhabitat and
alters surfacial hydrology

UNDERSTOREY VASCULAR PLANTS
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variable ground layer microclimate. Damage to duff layers reduces viability
of the seedbank and rootstocks.
FUTURE RESEARCH NEEDS
This review and synthesis has identified numerous information gaps with
respect to vascular plants in Alberta’s boreal forests. These gaps could be
addressed with the following research requirements:
•

•

•

•
•
•
•

Information is lacking for vascular plant species assemblages in most
boreal habitat types (aspen, mixedwood, white spruce, and particularly
black spruce and wetland areas) with respect to annual composition/cover
variability and within stand composition/cover variability. Thresholds of
habitat suitability have not been studied in boreal stands after both harvest
and fire.
Comprehensive analysis of successional trajectory convergence of
vascular plant species groups as well as overall plant communities should
be studied. Contrasting management requirements for some plant species
groups should be tested.
Additional research on the influence of wildfire in creating microhabitat
variability is required. In general, vascular plant composition information
is lacking in post-fire stands particularly for burned forest edges and
burned riparian areas.
Sustainable salvage logging levels have not been studied.
More comprehensive examination of vascular plants along riparian
corridors is required.
Information on long-term reproductive success in managed habitat is
needed to compliment species composition and cover data.
Data is lacking for sensitive or rare vascular species in both burned and
managed stands.
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CHAPTER 7: RESPONSE OF NONVASCULAR PLANTS TO
WILDFIRE AND HARVESTING
Steve Bradbury

Bryophytes are mosses and
liverworts.
Terrestrial species grow on the
ground or humus.
Epixylic species grow on dead
wood.
Epiphytic species grow on
living plant matter.

Succession acts on decaying
wood and ageing forests.

Nonvascular plant sequences
on wood are determined by
physical and chemical
processes.

This chapter reviews the parallel successional develop of nonvascular plants
in both post-fire and post-harvest successional trajectories. To facilitate
discussion species are often grouped into the following guilds: terrestrial
bryophytes (i.e. mosses and liverworts); terrestrial lichens; epixylic
bryophytes; epixylic lichens; epiphytic bryophytes; and, epiphytic lichens (see
Table 7.1 for primary examples).
Rare nonvascular plants are not directly addressed in this review.
Management recommendations, found in this document, deal almost
exclusively with coarse filter management; rare plants generally require more
fine-filter approaches. Rare plant tracking lists, for the boreal forests of
Alberta, are available on the world-wide-web (Alberta Community
Development 2002).
The growth, death and decay of wood are central to the succession of many
nonvascular plant species. Decaying wood is a temporary substrate that
changes continually during decomposition until finally disappearing. As a
result, species growing on downed wood can exist for only a finite period of
time, and in order to survive as a population these species then have to
disperse to new wood at the appropriate stage in decay (Söderström 1988ab,
Crites & Dale 1998). Fungal, nonvascular and vascular plant species presence
on decaying wood follows a successional trajectory, which, in many respects,
is separate from the trajectory followed by the ageing forest. Regardless of the
age of the forest, new dead wood is continually added to the decomposition
cycle, and must then proceed through stages of decay. However, the amount
of dead wood added to the decomposition cycle changes with stand age and
stand type (Lee et al. 1997). With many species of nonvascular plants being
adapted to existence on decaying wood, two distinct successional cycles (but
with many overlapping component species) are evident in forests. One
trajectory follows the slower path associated with ageing forests, and the other
trajectory follows the faster path associated with decaying wood.
Sequences of nonvascular plants on decaying wood are determined by several
factors which include moisture, wood surface texture, wood species, decay
stage, and climate (McCullough 1948, Muhle & LeBlanc 1975, Andersson &
Hytteborn 1991, Crites & Dale 1998). Humidity is especially important for
liverworts (Söderström 1988b). A typical successional pattern on decaying
logs starts with fungi and is followed by lichens, liverworts, mosses, forbs,
low shrubs, and finally tree seedlings (McCullough 1948, Muhle & LeBlanc
1975, Crites & Dale 1998, Lee & Sturgess unpubl.).
Colonization of a log is a two-phase process involving the accumulation of
propagules and the establishment of these propagules. The establishment
phase requires moist conditions for many plant species, especially bryophytes.
A log high above ground cannot absorb moisture and thus, is more subject to
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Table 7.1
Common nonvascular plant species found in plant species groups
discussed in text.
Species Group

Species

Terrestrial bryophytes1

Ceratodon purpureus
Dicranum spp.
Hylocomium splendens
Marchantia polymorpha
Pleurozium schreberi
Polytrichum spp.
Ptilium crista-castrensis

Terrestrial lichen

Cladina spp.
Peltigera spp.
Trapeliopsis granulosa

Epixylic bryophytes2

Bryohaplocladium microphyllum
Jamesoniella autumnalis
Platygyrium repens
Ptilidium pulcherrimum
Scapania apiculata

Epixylic lichen

Cladonia spp.

Epiphytic bryophytes3

Orthotrichum obtusifolium
Pylaisiella cuspidatum

Epiphytic lichen

Cetraria pinastri
Parmelia sulcata
Phaeophyscia orbicularis
Usnea spp.

1.

Mosses and liverworts growing on the ground.
Mosses and liverworts using dead plant matter as their primary substrate.
3.
Mosses and liverworts using living plant matter as their primary substrate (not a parasitic
relationship).
2.

drying out due to increased wind dessication. Logs closer to the ground are
removed from the drying effects of wind, may absorb moisture from the
ground, and thus have increased rates of decay and bryophyte and lichen
establishment (Söderström 1988b). For example, Hytteborn et
al. (1987) found higher numbers of bryophytes growing on wood on the
ground in dense forest, and attributed this difference to less severe
desiccation.

Epiphytic and epixylic species
are first to colonize DWM.
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Epiphytes grow on living tree trunks and are, simply by expansion, the first
group to invade decaying logs. Six epiphytes (mosses: Orthotrichum
obtusifolium and Pylaisiella cuspidatum; lichens: Phaeophyscia orbicularis,
Parmelia sulcata, Cetraria pinastri and Usnea spp.) were identified as being
the first colonizers of downed woody material in aspen mixedwood boreal
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forests of Alberta (Crites & Dale 1998). Despite having an early advantage,
this group does not reach its maximum until mid to late stages of decay
(Söderström 1988a). In a typical species replacement process on decaying
wood, epiphyte assemblages are followed by epixylic specialists, which, even
in their maximum stage are not the most abundant group owing to their poor
competitive ability (Söderström 1988b). Several epixylic species (mosses:
Platygyrium repens and Bryohaplocladium microphyllum; liverworts:
Scapania apiculata, Ptilidium pulcherrimum and Jamesoniella autumnalis;
lichen: Cladonia coniocraea) appeared on downed wood in mid decay stages
in Alberta, and for the most part, these species remained throughout later
decay stages but were never recorded in high abundance (Crites & Dale
1998).
Wood in later stages of decay
is colonized by terrestrial
species.

Competitive terrestrial bryophyte and lichen species occupy logs during later
stages of decay. These species colonize downed logs in two ways, either by
ingrowth from the sides of logs or by colonization on the upper surface of
logs. Colonizing from the sides requires that logs be close to the ground,
although large logs often have sides that are too steep and too high to allow
terrestrial species to grow upwards. In Alberta aspen dominated mixedwood
forests, terrestrial species assemblages colonizing logs during later stages of
decay include such mosses as Dicranum spp., Hylocomium splendens, Ptilium
crista-castrensis, and Pleurozium schreberi, and such lichens as Peltigera
elisabethae, P. praetextata and Cladonia bacillaris (Crites & Dale 1998). The
mosses Dicranum undulatum, D. fuscescens and Climacium dendroides
appear only on the latest stages of log decay (Crites & Dale 1998).
Opportunistic generalists are capable of growing on many different available
substrates, and show an irregular growth pattern on decaying wood
(Söderström 1988b).
INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Recently burned stands are
harsh environments for most
nonvascular plants.
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Nonvascular plants follow successional sequences as dictated by changing
microclimates in ageing stands. After fire, vegetation may re-colonize an area
in three ways: 1) vegetative regeneration or sprouting from underground
tissue not killed by the fire, 2) germination of viable banked seed, spore, or
other dormancy structures, or 3) invasion by propagules from nearby
undisturbed forests. However, the establishment sequence also reflects a
decreasing gradient of habitat instability and environmental severity, and a
continual diversification of the available habitats with time following fire.
Recently burned landscapes present a harsh environment subject to frequent
disturbance, and initial colonizers (such as the mosses Ceratodon purpureus,
Funaria hygrometrica, and Polytrichum juniperinum, the liverwort
Marchantia polymorpha, and the lichen Lecidea granulosa) are species
characteristic of temporally unstable sites, especially charred surfaces (Scotter
1964, Crum 1979, Hale 1979, Foster 1985, Timoney et al. 1997). These
species are also among the most efficient at vegetative reproduction, and
show effective sprouting and spreading from underground structures after
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their tops have been destroyed or buried (Maikawa & Kershaw 1976, Sirois
1995).

Certain early seral species
colonize charred ground.

Early colonization is often slow
due to the harshness of postfire stands and the dependency
on immigration.

After fire, in areas between sprouts, soil may be bare for up to three years.
Bare areas are open to colonization by immigrants from unburned sources, or
by germination of banked spores. Dispersal in time from a diaspore bank is an
important process by which nonvascular plants can rapidly exploit habitats
created by disturbances in the boreal forests. Studies have shown that an
extensive and species-rich diaspore bank of bryophytes is present in boreal
forests (Jonsson 1993). Bryophytes that produce abundant, light spores
(including Ceratodon purpureus and Polytrichum spp.), have the ability to
grow rapidly, and are able to invade open habitats soon after fire. Polytrichum
spp. and Ceratodon purpureus establish well as long as the burned surface
consists of a rather compact layer of surface-charred humus or exposed
mineral soil. The protonema (growths arising from spores on which the leafy
parts of mosses develop) of these mosses is sensitive to desiccation, which
probably explains their low establishment on porous material such as a lightly
scorched forest floor. Despite being able to establish itself soon after fire, C.
purpureus becomes overtopped and shaded out by Polytrichum species after a
few years, and this process is independent of the humus consumption of the
preceding fire (Schimmel & Granström 1996, Skre et al. 1998). These species
often complete their entire lifecycle and die out, or become greatly reduced in
abundance, after 5-10 years. As a group, pioneer species can withstand little
crowding and thus are present only for the brief period immediately after fire
(Johnson 1981). However, propagules must first survive the fire event prior to
colonization; in severe fires, all of the duff (and most of the propagule bank)
may be consumed. In this instance immigration is required, and subsequent
establishment and recolonization will be delayed.
In the Peace River delta region of northern Alberta, the moss Leptobryum
pyriforme typified 1-4 year-old burns (Timoney et al. 1997), but in the black
spruce woodlands in the NWT, the initial post-fire colonization period may be
dominated by Polytrichum piliferum, although Lecidea granulosa and L.
uliginosa may form up to 20% cover (Maikawa & Kershaw 1976).

Feather mosses are found only
in moist areas in young stands.

Distribution of the feather moss Hylocomium splendens is determined by its
requirement for shade, moderate water, and high nutrient levels (Tamm 1953,
Vitt 1990). Feather mosses in general (Hylocomium splendens, Ptilium cristacastrensis, Pleurozium schreberi), are not “rooted” in the substrate like
Polytrichum and Ceratodon, and as a consequence, they are nearly
independent of the substrate’s nutrient and water supply. Because of this,
feather mosses dry up quickly and die when canopy cover is not adequate to
prevent high evaporation. Also, because they absorb few nutrients from the
substrate, they are dependent on rain drip from the canopy for nutrients.
Immediately after fire, with canopy cover lacking, invasion by feather mosses
is prevented, and their lack of attachment to any substrate prevents vegetative
regeneration from surviving below-ground structures.
Depending on the severity of the fire and local microclimatic conditions,
lichen colonization may not take place for several years post-fire. Some
studies indicate that a delay of 5 to 10 years between severe fire and lichen
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Lichen establishment after fire
is often slow.
Crustose lichen form hard
attached crusts.
Foliose lichen from leafy
structures attach to the
substrate.

Fruticose lichen form upright
club or branched structures.

Large DWM is colonized
quickly by nonvascular plants.

colonization, regardless of species, may not be unusual (Foster 1985,
Morneau & Payette 1989). Although some lichens were able to colonize
burned sites during the same period of time, lichen succession appeared to be
the result of success of propagule establishment and differential growth rates.
When they do colonize post-fire sites, ground lichens invade by thallus
fragments and diaspores. Low and appressed crustose (Trapeliopsis
granulosa) and foliose (Peltigera spp.) lichens tend to colonize initially
(Oksanen 1986, Ahti & Oksanen 1990) and are followed by the taller
fruticose (Cladonia spp.) lichens (Johnson 1981, Foster 1985). Over time,
these species influence the microclimate such that suitable conditions are
created for colonization by mat-forming lichens (Cladina spp.) and mosses
(Kershaw 1977, Oksanen 1986). As a result of their growth patterns, matforming lichens and mosses suppress growth of other minor species.
Suppression of lichen growth may also be influenced by growth of highly
competitive herbaceous vegetation.
Of the DWM remaining after fire, the majority is composed of larger pieces in
later stages of decay (see Chapter 5). Depending on the severity of the fire,
exploitation of these remnant pieces of DWM by epixylic nonvascular species
may be by simple expansion of surviving thalli, or may require extensive
recolonization by immigrant propagules. Because the majority of DWM
remaining after fire is in later stages of decay, epixylic species adapted to later
stages of decay will have a competitive advantage. Epiphytic species will be
severely influenced because of habitat loss and will be restricted to residual
patches of live trees.
Cut Stands Without Residual Trees (Clearcuts)

Post-harvest communities are
largely determined by available
substrate.

In general, the presence of nonvascular species immediately post-harvest
depends on the availability of substrate and the extent to which existing
substrates and populations were damaged or removed during harvesting
operations. Terrestrial and epixylic bryophyte and lichen species are
susceptible to substrate compaction and disruption during harvesting, and
epiphytic species typically have much of their substrate removed. In
comparison to vascular plant species, harvesting operations likely have a
greater negative influence on the majority of nonvascular plant species,
especially in aspen cutovers where pre-harvest nonvascular plant cover was
initially low. Diversity of nonvascular plants has been related to the number
and type of available microhabitats (Vitt et al. 1995, De Grandpré & Bergeron
1997). Jalonen & Vanha-Majamaa (2001) suggest that species confined to
small microsites are often damaged or covered with logging residue and thus
are lost in managed sites.
Boreal forest terrestrial bryophyte communities are often dominated by
feather moss species, but larger species of Dicranum are also important
associates (La Roi & Stringer 1976). By virtue of their pre-harvest abundance,
remnants of these species can be found in pockets of suitable moist and
shaded microhabitats in recent cutblocks (Harvey et al. 1995), although their
percent cover values are dramatically reduced (Bradbury unpubl.). Although
feather mosses are adapted to wetting and drying events, over the year
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immediately following harvest, if these drying periods are prolonged and
severe, extensive mortality may result. In addition, being shade tolerant
species, feather mosses must withstand elevated light levels if they are to
survive through to green-up.

Hair-cap mosses adapt well to
post-harvest stands.

Less common species often
disappear.

Epixylic species grow poorly in
cutblocks due to a substantial
loss of DWM.

Hair-cap mosses (members of the genus Polytrichum) are pioneer species
widely distributed across the boreal forest (Crum & Anderson 1981, Harvey
et al. 1995) and they commonly become established following timber
harvesting operations in coniferous and mixedwood forests. A positive
ecological relationship between conifer regeneration and Polytrichum spp. has
been proposed, in which these pioneer moss species may provide receptive
seedbeds and/or may afford seedlings some protection from the effects of
competition (Parker et al. 1997). In contrast, seedling mortality has been
demonstrated by competitive interactions with other terrestrial moss species
(Hörnberg et al. 1997).
Other less common and rare terrestrial bryophytes disappear following
harvest, and thus, become dependent on the diaspore seedbank or dispersal
from adjacent populations for subsequent re-colonization of cutover areas
(Jalonen & Vanha-Majamaa 2001). Often, very little suitable habitat remains
in the most recent cutblocks.
Little data exists on the response of terrestrial and epixylic lichens
immediately following clearcutting, however, it is expected that due to their
typically strict nutrient and moisture requirements, cutover habitat would not
support growth of these species (Ahti & Oksanen 1990, Kruys et al. 1999).
Epixylic species colonizing DWM must adjust to changes in microhabitat
post-harvest. With the removal of substantial fibre volume in the harvesting
process, less substrate is available. Furthermore, the remaining DWM tends to
be in earlier stages of decay, and later stages of decay are lacking (see Chapter
5). As a result, Conditions following harvest favour epixylic species most
adapted to early stages of decay; this substrate, though, is short-lived.
Bryophytes living on dead wood consist of small mosses and liverworts such
as Tetraphis pellucida and Jamesoniella autumnalis, and are dependent on
inputs of new substrates for their continued survival (Kruys et al. 1999).
Bryophyte vegetation on decaying wood depends on the species of log, decay
stage, climate, and moisture content of the wood. Humidity (Andersson &
Hytteborn 1991) and log decay stage (Söderström 1988b) are especially
important for liverworts, and as a result, large changes in drying and wetting
events in recent cutblocks are detrimental to liverwort survival. Liverworts are
considered to be the bryophytes most a risk in managed boreal forests in
Sweden (Söderström 1988b, Andersson & Hytteborn 1991) because they are
typically restricted to a narrow decay stage niche (Jalonen & Vanha-Majamaa
2001), and are adversely affected by prolonged drying events.
Epiphytic microcommunities, on tree trunks and crowns, are usually
dominated by lichen species (La Roi & Stringer 1976, Söderström 1988ab,
Kuusinen 1994, Esseen et al. 1996, Esseen & Renhorn 1998). In cutovers,
species typically found on branches and trunks will be dramatically reduced in
abundance, biomass and distribution due to the immediate loss of substrate.
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Photoinhibition is experienced
when plants adapted to shade
are suddenly exposed to
increased light levels.

Furthermore, with dramatic changes in microclimate, epiphytic species
typically experience photoinhibition and a resultant cessation of growth
(Esseen et al. 1996). Therefore, any species remaining on slash in recent
cutblocks will be affected in at least two main ways: their growth rate will be
dramatically reduced or halted due to photoinhibition, and they will have little
or no appropriate substrate (i.e. live trees) for immediate distribution or
expansion. Post-harvest stands have substantially lower mass of lichen
epiphytes, and this has serious consequences for other wildlife species using
epiphytic vegetation as a food source or as nesting material.

Pioneer nonvascular plants
find habitat in cutblocks.

Conversely in recent cutblocks, any newly exposed patches of mineral soil
may be colonized by simple, ephemeral microcommunities consisting of
bryophytic ruderals, such as Ceratodon purpureus and Leptobryum pyriforme.
These species are particularly adapted to disturbed environments (Timoney et
al. 1997) and may well thrive in early successional post-harvest stands.

Epiphytes lose their substrate
in clearcuts.

Burned Stands With Residual Live Trees

Residual tree patches provide
structural legacies to preharvest forest.

Residual trees would act as refugia for epiphytic bryophyte and lichen species
already established on trunks and branches. Nevertheless, any epiphytes
growing on trees on the periphery of residual patches will be exposed to
dramatic changes in microclimate, including higher light levels, greater
fluctuations in wetting and drying events, and greater wind velocities. Wind is
known to cause extensive fragmentation and mortality to several species of
epiphytic lichen (e.g. Evernia mesomorpha, Usnea lapponica), but with up to
one third of the burned area as live residual trees, it is likely that suitable
habitat is retained. Terrestrial nonvascular plant species adapted to interior
forest light and moisture conditions will survive in the larger residual patches;
smaller patches, and interior adapted species on the periphery of larger
patches, may experience reduced growth rates or death. In general though,
residual patches of live trees act as sources of propagules for recolonization of
burned substrates.
Cut Stands With Residual Live Trees

Residual trees provide critical
habitat and sources of DWM.

Residual trees provide substrate for epiphytes, but would subject these species
to potential wind hazard. Although, depending on the amount of residual
retention, patches may not be large enough to maintain interior forest
microclimatic conditions. If epiphytic species survive initial changes in
microclimate following harvesting, they may become centres of diaspore
dispersal during later stages of stand regeneration.
Trees that blow down early in stand regeneration may provide critical habitat
for bryophytes dependent on dead wood. However, relatively few species are
adapted to wood in early stages of decay, and without the complete range of
decay stages available for colonization, epixylic species may still die out. As
blown down wood progresses through stages of decay, suitable habitat may be
generated for a variety of forest epixylic species, but the level of colonization
will depend on input from diaspores from established populations and from
expansion of surviving thalli (Söderström 1988a). It is unlikely that adequate
levels of colonization by epixylic bryophytes can be maintained on limited
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substrates during the initial stages of regeneration in stands with residual trees
(Jalonen & Vanha-Majamaa 2001).
Residual trees increase stand
heterogeneity.

Patch size and distribution
influences the nonvascular
plant community.

Tree retention may influence surrounding microclimate such that variations in
light, leachate nutrients, and pH of precipitation throughfall may create
diversity in habitat sufficient to support a variety of bryophyte species
(Rambo & Muir 1998a). At the same time, retention of coarse woody debris
in managed stands provides a variety of decay classes for epixylic species,
and the retention of some mature overstorey conifers will ensure a continued,
albeit reduced, supply of coarse woody debris to the forest floor.
Residual forest patches, even patches 20 m in diameter, maintain bryophyte
and lichen species for at least two years post-harvest in aspen and conifer
stands in the boreal forest (Bradbury unpubl.). Bryophyte and lichen species
near the centre of larger patches (40 m and 80-100 m diameter) likely
experience less dramatic microclimatic changes, and therefore, may have
stronger continuity with natural forests. In particular, patches of standing
residual trees may have reduced wind velocity, thereby reducing
fragmentation of pendulous epiphytic lichen. However, benefits may only be
recognized in larger patches (Jalonen & Vanha-Majamaa 2001), and in areas
where riparian strips or forest edges also provide wind buffering (Esseen
1994).
Comparison Between Burned and Cut Stands

Fire dependent species are
lacking in post-harvest stands.

DWM is lacking in postharvest stands, thus epixylic
species diversity decreases.

Epiphytes rely on residual trees
for substrate.
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In general, post-fire terrestrial bryophyte and lichen species will be dominated
by early seral ruderals adapted to charred ground, and those species surviving
the fire capable of resprouting from buried tissue. In contrast, post-harvest
terrestrial bryophyte and lichen species will be dominated by remnant predisturbance species capable of adapting to the new microclimatic conditions
within the cutblock. Some early seral ruderals will emerge post-harvest, but
likely at a reduced abundance compared to post-fire stands.
Post-fire epixylic bryophyte and lichen species will be limited by the loss of
wood in early decay stages, and thus, assemblages will be dominated by
species adapted to later decay stages and charred DWM. In contrast, postharvest epixylic bryophyte and lichen species will be limited by a loss of
wood in later decay stages; species adapted to wood in early decay stages will
dominate the abundance of small, hard slash remaining in cutblocks. Most
charred substrates will be dependent on immigration of new recruits from
residual patches and adjacent forests, whereas, new recruits on substrate in
post-harvest blocks will originate largely from expansion of existing thalli.
Both post-fire and post-harvest epiphytic bryophyte and lichen species lose
their substrate; post-fire trees are scorched and post-harvest trees are removed.
New recruits into disturbed areas typically must immigrate from residual
patches or adjacent undisturbed forests. A higher density of residuals
following fire may facilitate quicker recruitment.
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Old-Growth Structure of Harvested Stands

Residual trees provide
structure in cutblocks.

Clearcut stands have no old growth structure nor do they have old growth
function. The only exception may be the initially large inputs of DWM,
although, this material decays rapidly and is not maintained by subsequent
inputs.
Residual material does leave structure within cutblocks but does not create old
growth characteristics during this first phase post-harvest. Nonvascular plant
communities growing within residual patches will be representative of the
pre-harvest stand, but with typical stands being harvested before reaching the
old growth stage, the residual patches, themselves, likely do not represent old
growth habitat.
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees
Studies on northern boreal forests with an overstorey dominated by Picea
mariana showed that only mosses and lichens were involved in successional
processes after canopy closure (Dix & Swan 1971, Black & Bliss 1978, Foster
1985, Morneau & Payette 1989, De Grandpré et al. 1993). Terrestrial
bryophytes are restricted to shaded moist depressions and likely will be found
in substantially reduced abundance and cover, and pioneer bryophyte and
lichen species will have been outcompeted.

All DWM decay classes are
represented in post-fire stands
and are available for
colonization by epixylic
species.
Live residuals support
epiphytic species.
Epiphytes are adapted to the
chemical and physical
attributes of bark.

As fire-killed snags fall to the ground and begin progressing through the
different stages of decay, ample substrate is created for both epixylic
bryophyte and lichen species. All decay classes are represented but are
dominated by DWM in intermediate stages. There is a shift from vertically to
horizontally dominant deadwood resources (i.e. standing snags to DWM), and
as a result, changes in microclimate for epixylic species can be expected to
favour shade tolerant species. The colonization process is slow and largely
dependent on propagule inputs from surrounding forest or residual patches.
While epixylic cup-lichens (Cladonia spp.) become more abundant 11-25
years post-fire in white spruce dominated boreal forests (Ahti 1977, Foster
1985), terrestrial crustose lichens (e.g. Trapeliopsis granulosa) remain
relatively common (Foster 1985), and terrestrial reindeer lichens (Cladina
spp.) begin to colonize (Maikawa & Kershaw 1976, Ahti & Oksanen 1990).
Epiphytic species begin colonizing regenerating tree species through
immigration into the stand. Immigration is facilitated by dispersal of live
residual patches throughout the burned area. Growth of epiphytic species
adapted to young aspen and conifers are favoured, but microclimate created
by differences in chemical and physical characteristics of bark determine
species assemblages (Renhorn et al. 1997).
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Cut Stands Without Residual Trees (Clearcuts)

Only species with the
appropriate substrate grow
well post-harvest.

DWM in all decay classes
remains limited in post-harvest
stands, thus epixylic species
grow poorly.

Epiphytic species richness is
low.

During this phase, regenerating cutovers are unlikely to be rich in nonvascular
plant species. Only species that have the appropriate substrate and have
adapted to the dramatic environmental changes experienced immediately
post-harvest through to the current situation of rapid pole growth, will have
measurable net growth. Pioneer bryophyte and lichen species found in the
initial stages post-harvest, will decline during, or will have disappeared prior
to, this successional stage. During the establishment stage, terrestrial
bryophyte and lichen species, that become dominant in later successional
stages, are restricted to pockets of shaded and moist microhabitat. They are
currently unable to gain a persistent foothold on the very dynamic
microclimate of the forest floor. With many terrestrial species requiring the
rich nutrients found in thick humus (i.e. organic material in the very latest
stages of decay), the absence of this substrate during the establishment phase
significantly curtails terrestrial bryophyte and lichen growth.
The initial pulse of smaller logging debris has progressed rapidly through the
decay stages and at this time, provides little substrate for epixylic species.
Trees that blow down during the first couple of years post-harvest continue to
progress through stages of decay, but are restricted to cutblock edges and
smaller nonmerchantable residuals. Furthermore, colonization of these small
inputs of dead wood is dependent on propagule input from existing sources
within dispersal range. Epixylic species are poor competitors, are rarely
abundant, and only reach their maximum diversity on wood in later stages of
decay (Söderström 1988a, Andersson & Hytteborn 1991). A typical clearcut
is depauperate of all decay stage classes during this phase of regeneration, and
therefore, provides minimal appropriate substrate for many epixylic species.
Of all the nonvascular plants, the few epiphytic species adapted to the
chemical and physical properties of young bark likely have access to the most
substrate during this phase. Rapid regeneration of deciduous and coniferous
stems provides abundant substrate.
Burned Stands With Residual Live Trees

Residual patches support a
diversity of nonvascular plants
compared to the surrounding
young matrix of regenerating
forest.

By this stage in succession, residual patches in burns will function as islands
of much older forest fragments within a matrix of young regenerating trees.
As a result, residual patches provide horizontal and vertical heterogeneity to a
burned stand. While the regenerating stand will have assemblages of
nonvascular plants adapted to younger trees and the environmental conditions
they create, the residual patches will have sources of additional species
adapted to older trees and thus a different microclimate. Therefore, overall
species diversity will be higher, and species immigration will be facilitated by
dispersal from live residual patches throughout the burned area.
Cut Stands With Residual Live Trees
Compared to clearcuts, cutblocks with residual trees likely support a greater
diversity and biomass of nonvascular plants. This is a result of continuity with
preharvest community structure, the availability of required substrate, and
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Smaller patches support
communities more like
cutovers and larger patches
support communities more like
pre-harvest forests.

maintenance of appropriate microclimatic conditions. Patches of standing
residual trees may provide appropriate microclimatic conditions to support
terrestrial species, although patches of all shapes and sizes create edge habitat
and the concomitant dynamic plant communities found therein. Nevertheless,
larger residual patches are more likely to provide conditions found in
preharvest forests (Bradbury unpubl.), and thus, would be more likely to
support preharvest terrestrial bryophyte and lichen communities. In the very
least, residual patches of all sizes may serve as lifeboats and/or refugia in
heavily managed areas. In much the same way, residual trees still standing
throughout this phase provide habitat for epiphytic species. As the cutover
areas regenerate around residual patches, surviving epiphytic species are more
likely to survive excessive wind fragmentation and may act as sources of
propagules for the surrounding pole-stage matrix.
Depending on the size and shape of residual patches, edge effects may still be
observed, although environmental gradients associated with them may be less
dramatic.
Comparison Between Burned and Cut Stands

Nonvascular plant
communities remain different
in early seral stages.

Epixylic communities suffer
from lack of DWM.

Due to the dense nature of stands in this seral stage, terrestrial bryophyte and
lichen species often exist in patches in moist microhabitat. Deciduous stands
have very little appropriate habitat and coniferous stands are often too dense
to support vigorous growth. In post-harvest stands, similar conditions exist,
and thus, differences between burned and cut stands result from the extent to
which pre-harvest assemblages survive disturbance and the severity of the
fire. Each of these processes result in very different assemblages emerging
from the initial seral stage and ultimately determine the
similarity/dissimilarity of assemblages progressing through the establishment
stage.
In post-harvest stands, blown down residual trees provide inputs of DWM for
epixylic species. However, relative to natural stands, the volume of dead
wood resources in all decay classes is substantially reduced, resulting in
significantly less available substrate for epixylic bryophyte and lichen species.
The likely result is less bryophyte and lichen biomass compared to a fireoriginated stand, but more biomass compared to a clearcut stand.
Epiphytic bryophyte and lichen species adapted to the chemical and physical
microclimatic conditions associated with the bark of young trees will
dominate in both post-harvest and post-fire stands. Other species will be
restricted to live residual patches.
Old Growth Structure of Harvested Stands

Residual patches provide
critical habitat within a
uniform forest matrix.

ALBERTA RESEARCH COUNCIL

Regenerating clearcut stands, in this stage, have no old growth structure nor
do they have old growth function. Nonvascular plant communities growing
within residual patches will resemble pre-harvest stands more than plant
communities in cutovers. It is possible that residual patches within coniferous
cutblocks may be approaching an age at which old growth characteristics may
develop (i.e. at harvest the blocks were not old growth, but remaining residual
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patches will be up to 25 years older). However, with deciduous stands being
harvested well before reaching the old growth stage, it is unlikely that residual
patches in deciduous cutblocks will contribute any old growth characteristics
to the cutblock during this stage. Harvested stands with residuals will
certainly have substantially greater vertical and horizontal structure than
harvested stands without residuals.
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees
In general, stands during this phase have a uniform canopy, although
throughout this stage, the canopy in conifer stands tends to be more open than
the canopy in aspen stands (see Chapter 5). With respect to canopy closure,
and the climatic conditions created by it, there are thought to be few
differences between post-fire and post-harvest stands.
Terrestrial feather mosses
recolonize during midsuccessional stages.

Terrestrial nonvascular plants
increase in diversity.

Terrestrial feather mosses begin to recolonize 30–50 years post-fire because a
closed canopy stabilizes the forest floor microclimate (Ahti & Oksanen 1990,
Schimmel & Granström 1996). Feather mosses are very effective competitors
and quickly out-compete other nonvascular species including lichens (except
the nitrogen-fixing and faster growing Peltigera species) and Polytrichum
mats (Johnson 1981). Once established and due to their competitiveness,
feather mosses are not confined exclusively to closed, mesic stands but can be
found in dry, nutrient-poor open black spruce stands.
Other terrestrial mosses also begin to dominate the nonvascular flora during
this stage (De Grandpré et al. 1993). The mosses Dicranum spp. and
Plagiomnium cuspidatum, and the Peltigera lichens (e.g. Peltigera aphthosa,
P. polydactyla, etc.) compose a group typical of moist spruce forests
(Timoney et al. 1997). The mosses Brachythecium spp., Drepanocladus
uncinatus, and Eurhynchium pulchellum are typical of mixedwood and
deciduous forests with an appreciable cover of balsam poplar or aspen.
Hylocomium splendens typifies white spruce, and Pleurozium schreberi,
being a shade species, is associated with birch, typically in old growth spruce
or mixedwood canopy gaps (Timoney et al. 1997, Nicholson & Gignac 1995).
Cup-lichens (Cladonia stellaris, C. uncialis) are particularly important
components of the terrestrial lichen flora, although a number of other
Cladonia species may be abundant and virtually restricted to 20 to 60 years
post-fire stands (Maikawa & Kershaw 1976).

Abundant DWM supports
epixylic species.

ALBERTA RESEARCH COUNCIL

Fire-killed snags that fell down in the previous seral stages provide dead
wood resources for all decay classes, and the self-thinning process has
recruited many new snags into the dead wood resource pool. As a result,
epixylic bryophytes and lichens grow on the available substrate if present
under the appropriate microclimatic conditions. However, epixylic
nonvascular plants, in general, are poor competitors, rarely reach high
abundance, but in dense, moist mid-seral stands with stable
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microenvironments, they do begin to accrue biomass (Neitlich & McCune
1997).
Ageing trees provide improved
habitat for epiphytic species.
For epiphytic species, the
chemical and physical
properties of bark improve with
tree age.

Epiphytic bryophyte and lichen species are closely linked to the microclimate
associated with the chemical and physical properties of bark (Sheard &
Jonescu 1974); as trees age these properties change, thus epiphyte
assemblages change (Gustafsson & Ericksson 1995). Bryophytes typically
become associated with the bases of aspen boles, and abundant lichen
biomass begins to accumulate on both deciduous and coniferous boles and
branches (Sheard & Jonescu 1974). Pioneer nonvascular plant species occur
only in locally disturbed microsites (e.g. root throws) during this phase.
Cut Stands Without Residual Trees (Clearcuts)

Terrestrial species grow but
are restricted to moist habitat.

Decay classes are limited and
epixylic liverworts are at risk.

Stumps are valuable substrate
for epixylic species.

ALBERTA RESEARCH COUNCIL

Feather mosses are generally ground dwelling species, but at least initially,
they may colonize rich humus and old decaying stumps given the appropriate
microclimate (Söderström 1988b). Other generalist terrestrial mosses and
lichens (Peltigera spp.) remain restricted to moist depressions on the forest
floor, but at this stage in stand regeneration, they are typically not limited by
lingering effects of harvesting operations. Mosses and lichens that are
uncommon or rare in natural forests tend to disappear from stands following
post-harvest trajectories, and have typically not re-emerged at this stage in
regeneration (Söderström 1988ab, Andersson & Hytteborn 1991).
In regenerating post-fire stands, deadwood resources are naturally variable,
but DWM volumes in post-harvest blocks are comparatively lower due to the
initial fibre removal. The amount of live residuals left in cutblocks largely
determines the recruitment of large pieces of DWM in these later seral
stages. Some of the nonvascular plant species most threatened by harvesting
are drought-intolerant, poorly competitive epixylic liverworts, which are
confined to intermediate decay classes (Söderström 1988b). In managed
stands, where decay classes may be missing or severely limiting, species
depending on a narrow range of decay classes may die out, even with only a
temporary shortage of substrate. Due to restricted growth in previous seral
stages, when new logs become available, re-colonization by liverworts
depends largely on diaspore input from outside the harvested stand. The size
of this input is a function of diaspore production from nearby populations and
dispersal ability of the species (Söderström 1988a). Both functions are limited
in natural settings and become more restricting in managed forests, especially
in highly fragmented landscapes.
Epixylic lichens and mosses tend to outcompete epixylic liverworts in 60
year-old cutblocks in Sweden (Söderström 1988b), but only on a limited
substrate. Several decades after harvest, regenerating cutblocks tend to have
an abundance of stumps in later stages of decay. These stumps may provide
critical habitat for many epixylic lichens (including Cladonia spp.) and
mosses (including Pohlia nutans and Brachythecium spp.). If kept in context
though, harvested stands during this seral stage have less and smaller downed
woody material compared to post-fire stands, and thus, remain substrate
limited for epixylic species relative to natural stands.
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Epiphytic species colonize
regenerating trees but are
limited by dispersal.

Epiphytic lichens colonize regenerating tree trunks and branches during this
time phase (Lesica et al. 1991, Neitlich & McCune 1997), although their
biomass tends to be reduced due to the interruption in stand continuity (Dettki
et al. 2000). Second growth boreal stands in Sweden had reduced epiphytic
lichen biomass and thalli size with increased distance from the old forest edge
(10 m, 50 m, and 100 m), suggesting that the most prominent factor limiting
epiphytic lichen growth in these second growth forests was their limited
dispersal ability (Dettki et al. 2000). In Douglas-fir forests, species richness
varied based on dominance by either hardwoods or softwoods, but the greatest
diversity of epiphytes was found within mixedwood stands; a similar trend
likely occurs in boreal forests. Neitlich and McCune (1997) demonstrated that
hardwood patches in 50 year-old regenerating conifer stands had a greater
diversity of epiphytic lichens compared to surrounding homogeneous single
species conifer forest (Kuusinen & Siitonen 1998).
Burned Stands With Residual Live Trees

Diversity is increased by
patches of older forest and by
canopy breakup.

Residual patches and individual trees add horizontal and vertical structure to
an otherwise homogeneous forest matrix. Certainly towards the later part of
this seral stage, larger residual patches will have aged sufficiently to approach
old growth conditions. In this instance, the structural and biodiversity value of
these residual patches is great. As a whole, burns during this seral stage, with
much older residual patches will have greater heterogeneity than burned areas
without residual patches. Heterogeneity will not only be increased by patches
of older forest amongst the general forest matrix, but also by canopy breakup
within the residual patches. All types of nonvascular plants will have
increased species richness and access to required inputs of substrate in burns
with residuals.
Cut Stands With Residual Live Trees
By this time in stand succession, post-fire and post-harvest stands have
similar vertical structure (i.e. closed canopy and developing sub-canopy).
Similarities in horizontal structure will be dependent upon the amount of
residual timber left post-harvest and the pattern in which that residual timber
is distributed. Furthermore, dead wood resources will be dramatically lower in
post-harvest stands, although the degree to which resources are limited would
be mitigated by the amount of residual timber left at the time of felling.

Microclimatic conditions
created by increased structure
increase terrestrial
nonvascular plant diversity.

ALBERTA RESEARCH COUNCIL

Patches of residual timber left post-harvest will have contributed to the
structural diversity of regenerating cutblocks, and will have provided refugia
and lifeboats for nonvascular species to this point in stand succession. During
this seral stage, where breakup of the residual patches will create canopy gaps
and increase heterogeneity of horizontal and vertical structure, a diversity of
nonvascular plant microclimatic conditions will be created. For example, in
areas with abundant precipitation and high summer humidity, bryophytes will
cover most of the ground not densely inhabited by vascular plants and, often,
a substantial part of the lower trunk space. In contrast in dry areas, bryophytes
are usually scarce both on the ground beneath tree crowns and on the trunks
of mature spruce and fir. Moist depressional microhabitats (e.g. those created
by uprooted trees) may be exploited by hydrophilic bryophytes such as
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Sphagnum species, but only where herbaceous litter is not locally abundant
(La Roi & Stringer 1976, Maikawa & Kershaw 1976, Busby et al. 1978).
Retention of hardwood species has contributed to a more diverse bryophyte
community in Oregon Douglas-fir stands after 55 years of regeneration
(Rambo & Muir 1998a). During later stages in rotation, fragmentation and
litterfall of hardwood epiphytes may act as a source for establishment of
epiphytes in lower strata, and on DWM (Rambo & Muir 1998b).

Limited dispersal ability and
wind fragmentation limit
epiphytic species.

DWM begins to accumulate
but a loss of epixylic species
persists.

Dettki et al. (2000) suggested that limited dispersal ability was the most
important factor contributing to reduced epiphytic lichen biomass and thalli
size with increased distance from an old forest edge (10 m, 50 m, and 100 m)
in second growth boreal stands in Sweden. If residual trees are capable of
sustaining viable epiphytic lichen thalli, then dispersal distance to unexploited
substrate (i.e. young regenerating trees) will be substantially reduced in
structured cutblocks. Wind-induced damage is particularly pronounced in
completely isolated forest fragments. Esseen (1994) observed high mortality
of trees and elevated litterfall of epiphytic lichens in both the periphery and
centre of circular forest fragments up to 1 ha in size.
By this stage in post-harvest stand regeneration, the amount of DWM may
begin to accumulate in all decay classes as residual trees begin to senesce
(although overall DWM volume in all decay classes will remain limited). As a
result, epixylic species that have survived will have access to critical
resources. Epixylic species typically react poorly to managed stands, but
inclusion of residual patches may facilitate their survival and, ultimately, their
recolonization of ageing post-harvest stands.
Comparison Between Burned and Cut Stands

Terrestrial and epiphytic
communities exhibit
convergence.

Epixylic communities remain
limited even in intermediate
post-harvest seral stages.

Appropriate substrate for terrestrial bryophyte and lichen species, in both
post-fire and post-harvest stands, is largely determined by canopy tree density
and composition; deciduous stands will have little appropriate substrate, but
mixedwood and coniferous stands will have increasing amounts of
appropriate substrate. By this stage in stand development, the assemblages in
both successional trajectories are likely to begin converging, but the rate of
convergence will be dictated by the dissimilarity of assemblages immediately
post-disturbance.
Epixylic bryophyte and lichen species benefit from the increasing density of
snags in both post-fire and post-harvest stands. However, post-harvest stands
remain limited in all decay classes due to the initial removal of fibre, and as a
result, the diversity of epixylic species can be seriously reduced.
Assemblages of epiphytic bryophyte and lichen species are likely to converge
during this seral stage because of the similarity in available substrate (i.e. age
and composition of tree species) between post-fire and post-harvest stands.

ALBERTA RESEARCH COUNCIL
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Old-Growth Structure of Harvest Stands

Residual patches incorporate
old-growth structure into
cutblocks.

Regenerating clearcut stands, in this stage, have no old growth structure nor
do they have old growth function. Nonvascular plant communities growing
within regenerating cutovers will resemble neither the pre-harvest stand, nor
older stands. Regenerating stands with residuals, particularly in the later
stages of this sere, will have increased horizontal and vertical structure that
will contribute limited old growth characteristics to these stands.
MATURE STAGE: 76-125 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Conifers begin to dominate the
canopy.

Highly competitive feather
mosses grow well.

DWM supports diverse growth
of epixylic species.
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During this seral stage, canopy cover remains relatively constant from the
previous stage, although, in general, the canopy rises and sees a reduction in
aspen content. In the Alberta boreal forest the recruitment of spruce into the
canopy is generally accepted as the norm, but the process is highly variable.
Death of aspen individuals and clones from the canopy produces gaps, and
increases horizontal and vertical heterogeneity. A shift from even-aged
canopy stands to uneven-aged canopy stands is often considered a defining
process for the development of old growth stands; but this process only begins
in the very latter years of this seral stage.
Feather mosses usually appear in mesic higher nutrient stands 30-50 years
post-fire and over subsequent decades establish themselves as the most
abundant ground cover. As a result, their occurrence in closed-canopy stands
has led to the opinion that they are indicators of stable, late succession forests
(Maikawa & Kershaw 1976, Busby et al. 1978, Lee & La Roi 1979ab).
Bryophytes usually cover most of the ground not densely inhabited by
vascular plants and often, a substantial part of the lower trunk area. Canopy
break-up creates a diversity of microhabitats that can easily be exploited by
well-established, highly competitive terrestrial nonvascular plants. As the
proportion of canopy aspen decreases and the proportion of canopy spruce
increases, the ground layer microclimate, coupled with the diversity of
microhabitats, results in an environment ideal for abundant terrestrial
bryophyte and lichen growth (Lee & La Roi 1979ab, Carleton 1990, Hanslin
1999).
Downed woody material microhabitats vary greatly in moisture content and
temperature, and as a result also vary considerably in bryophyte cover.
Compared to terrestrial species, bryophyte microcommunities growing on
DWM near the ground are physiognomically more diverse, much richer in
species, mainly successional, and consist of small mosses and liverworts such
as Tetraphis pellucida and Jamesoniella autumnalis (La Roi & Stringer 1976,
Lee & La Roi 1979b, Rambo & Muir 1998b). Inputs of new DWM from
canopy gap formation ensure a continued supply of all decay classes. Epixylic
nonvascular plants reach their highest abundances during this seral stage.
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As trees age, their bark
chemistry changes and
supports a greater diversity of
epiphytic species.

Larger trees have a vertical
microclimatic gradient that
influences epiphytes.

Epiphytic lichen microcommunities dominate tree trunks (Gustafsson et al.
1992), but moss (Orthotrichum spp., Ulota spp.) and liverwort (Ptilidium
spp.) species are often minor associates. Nevertheless, epiphytic species reach
their highest abundances in the highly variable conditions created in older
boreal stands. Because of the long-term stand continuity of natural systems,
even dry, winter-exposed microhabitats under conifers can be populated,
albeit sparsely, by small drought-tolerant species (e.g. Tortula ruralis).
Epiphytic mosses and liverworts are dependent on tree size and forest stand
structural characteristics (Hazell et al. 1998). Larger trees are generally older,
and therefore provide longer periods of time for colonization. In addition to
the simple changes in species abundance and composition associated with
changes through time in any given stand, community changes over time take
on a new dimension in old stands. Additional changes are manifested into
species differences along a vertical gradient from forest floor to canopy
(McCune 1993). Larger trees provide a different environment, especially with
respect to bark chemistry, moisture conditions (Rose 1992, Halonen et al.
1991), and roughness of bark, which enables trees to capture a greater volume
of spores and gemmae.
Cut Stands Without Residual Trees (Clearcuts)

Terrestrial nonvascular plant
communities converge.

Ageing forests generate DWM
but loss of species from earlier
seres is evident.

Tree conditions post-fire and
post-harvest are similar, thus
epiphytic species composition
converge.
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Terrestrial moss and lichen communities in regenerating forests during this
seral stage will, in all likelihood, begin to resemble pre-harvest communities.
The key to conservation of natural terrestrial nonvascular communities in
managed stands is a convergence of successional trajectories prior to the next
rotation. Many common terrestrial bryophyte and lichen species will likely
recover adequately by this seral stage. However, certain species that are rare,
slow growing, or dependent on missing substrate may not be present (Ryan
1996).
With ageing of the post-harvest forest, new inputs of dead wood will increase,
but compared with post-fire stands, inputs will remain repressed due to the
initial fibre removal. New inputs of DWM provide substrate for epixylic
bryophyte and lichen species, although overall species richness may be
reduced due to the interruption in stand continuity (Tibell 1992, Esseen et al.
1996). The most sensitive species will likely be lost (Selva 1994, Kuusinen &
Siitonen 1998).
Harvesting affects epiphytes directly by eliminating their substrate and
indirectly by shortening the rotation cycle, which results in less time for
lichen population growth (Esseen et al. 1996, Hazell et al. 1998). Epiphytic
species richness may still be quite high 100 years post-harvest, but biomass
may be reduced and a shift in proportions of fruticose, foliose, and crustose
lichens may result in dominance by generalist lichens (such as Evernia
mesomorpha and Bryoria spp.) and a restricted number of the most
competitive epiphytic species (Kuusinen 1994, 1996). If boreal forests are
harvested again after 70–80 years, slow growing epiphytic lichens will likely
be adversely affected. By successively shortening the rotation age, forests will
become more and more depauperate of slow growing epiphytic species; the
magnitude of this decline is currently not known.
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Substrate continuity may be one of the more important factors determining
crustose lichen species richness in managed systems (Tibell 1992, Esseen et
al. 1996). However, fewer epiphytic species are typically observed in
managed stands 100 years post-harvest, even though post-harvest residuals
maintain some continuity in substrate throughout this period of time (Esseen
et al. 1996). Ojala et al. (2000) suggest that a high aspen component is
required in fragmented boreal landscapes to maintain viable epiphyte
assemblages. Although, for the epiphytic species studied, stand level
management (i.e. maintenance of appropriate microclimate) was more
important to survival than landscape level fragmentation.
Burned Stands With Residual Live Trees
By this stage in stand development, patches of residual live trees will have
begun breaking up, but will continue to be a source of propagules for
recruitment into the surrounding forest matrix. The difference at this stage is
that residual patch areas will be sources of nonvascular species adapted to old
growth conditions. In addition, patches of residual trees contribute highly
variable structure into the surrounding forest matrix.
Cut Stands With Residual Live Trees

Residual trees increase vertical
and horizontal stand
heterogeneity.

By this stage post-disturbance it is very unlikely that residual trees will
remain in regenerating stands because of the limited amount retained postharvest. However, they will have provided possible refugia (i.e. spore
sources) or lifeboats during regeneration and will certainly have provided
inputs of downed woody material that is limiting in post-harvest stands and a
requirement for many germinating spores. Stands with the highest levels of
residual trees will have a more heterogeneous vertical and horizontal
structure.
Many lichens show high degrees of substrate specificity. Kuusinen (1994)
observed substantial differences in community composition of the epiphyte
flora on Finnish aspen, spruce and pine trees, 95 years post-harvest. Species
that were common and abundant on spruce and pine tended to be less so on
aspen. Likewise, species common and abundant on aspen, tended to be rare on
conifers. Furthermore, the proportion of habitat specialists was greater on
aspen, and the dominance of bryophytes and crustose lichens were distinctive
features of the epiphyte flora of aspen (Kuusinen 1994). These results
suggested that a mixture of tree species residuals would maintain a more
diverse selection of epiphytic species, compared to selection of single species
residuals.
Comparison Between Burned and Cut Stands

Terrestrial and epiphytic
communities are more likely to
converge than epixylic
communities.
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Post-harvest stands with the highest levels of residual retention will more
closely resemble natural old growth stands than stands without residual trees.
Post-harvest nonvascular plant community succession will likely achieve
convergence with post-fire trajectories sooner in stands with residuals than in
stands without residuals. Terrestrial and epiphytic nonvascular communities
in post-harvest and post-fire stands are more likely to converge (due to the
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similarity in substrate) compared to epixylic nonvascular communities (due to
limited decay classes in post-harvest trajectories; Selva 1994, Kuusinen &
Siitonen 1998).
Old-Growth Structure of Harvest Stands

Very old cutblocks generate
old-growth characteristics.

Most of the original residual material will have blown down by this stage,
contributing very important volumes of downed woody material. Nearer the
end of this seral stage, the stands will begin to display old growth
characteristics (particularly old deciduous stands); the inclusion of original
residual material will improve the diversity of microhabitat types, and
ultimately, nonvascular plant diversity. However, many post-harvest stands
(i.e. deciduous and mixedwood) will have been harvested again prior to the
end of this seral stage.
OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Canopy gaps increase
structural diversity.

Old growth forests have very
diverse nonvascular plant
communities.

Disturbed habitat within oldgrowth forests increases
richness.
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The dominant features of old growth stands include heterogeneity of canopy
closure and the presence of large trees. Canopy gaps create a diversity of
microhabitats (largely determined by vascular plant growth in response to
elevated light levels), which results in increased vertical and horizontal
structure. In general, nonvascular plant abundance and species richness
increase in the diversity of microhabitats found in old growth stands (Carleton
1990, Økland 1994, Selva 1994, Kuusinen & Siitonen 1998).
A survey of the bryophyte and lichen flora in the Peace River region of
Alberta indicated that 39 species grew on balsam poplar logs, 33 species were
white spruce epiphytes, and 63 species were found on white spruce logs
(Timoney & Robinson 1996). About two-thirds of these species were rarely, if
ever, found on soil; the obvious exceptions were typically dominant mosses
such as Hylocomium splendens, Pleurozium schreberi, Eurhynchium spp.,
Brachythecium spp., and Drepanocladus spp. Terrestrial mosses found only in
old growth spruce forests proved to be both uncommon and relatively
inconspicuous (e.g. Hypnum lindbergii, Thuidium recognitum, Herzogiella
turfacea), suggesting that forest floor dominance by terrestrial feather mosses
may actually decline from mature to old growth spruce (Timoney & Robinson
1996). The loss of dominance by feather mosses creates opportunities for
exploitation by other types of nonvascular plants, thereby increasing overall
nonvascular plant diversity. In addition, old growth boreal stands in Alberta
with dense shrub cover may exhibit low bryophyte diversity due to heavy
litterfall (Timoney & Robinson 1996).
Pleurozium schreberi dominates many ground covering moss communities
because it exhibits a broad range of tolerance to microclimatic changes and
displaces other species through competitive interaction, usually by means of
vigorous growth (Frego & Carleton 1995, Frego 1996, Hanslin 1999, Nygaard
& Ødegaard 1999). The variety of microhabitats and microclimates in old
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growth forests ensures that local dominance by highly competitive species can
be broken, and new niches can be exploited by resting propagules. Old forests
generally offer greater heterogeneity in habitat and substrate types (including
a continuous supply of DWM in all decay classes), and as a result may
provide opportunities for increased species richness (Carleton 1990, Okland
1994, Selva 1994, Kuusinen & Siitonen 1998, Rambo & Muir 1998a). In their
examination of the bryophyte community occupying exposed soil created by
uprooted trees, Jonsson & Esseen (1990) observed 112 species in the
disturbed root-throw habitat of old growth forests, compared to only 56
species in nearby undisturbed old growth forest floor. Their results suggest
that terrestrial and epixylic species were capable of colonizing the disturbed
patches when the dominance of feather mosses was temporarily broken
(Jonsson & Esseen 1990, Frego 1996).
As mentioned in the previous seral stage, older stands contain larger trees.
Epiphytic species diversity increases on larger trees (Hazell et al. 1998) due to
changes associated with stand continuity and changing bark chemistry and
moisture conditions (Rose 1992, McCune 1993).
Cut Stands Without Residual Trees (Clearcuts)

First rotation stands that
reach this age will resemble
virgin forests.

It is unlikely that managed stands will reach this age. Nevertheless, if some
harvested stands are left to reach this age, nonvascular plant species
composition and abundance will have largely recovered. Actual numbers will
depend on canopy cover, available substrate and nutrient availability.
Furthermore, nonvascular plant diversity will be associated with tree species
mix. Tree monocultures will likely have less nonvascular plant diversity
compared to multi-species managed stands. Of all types of nonvascular plant
species, the epixylic species will likely show the most negative response to
harvesting at this stage, because of the overall net loss of DWM in earlier
seral stages. In this seral stage, DWM levels post-harvest should begin to
approximate levels found post-fire.
Burned Stands With Residual Live Trees

Stands with residual trees will
have increased structural
variability.

By this stage (>125 years post-fire), the legacy of residual patches will have
been incorporated into the inherent heterogeneity developing in the
surrounding matrix. Nevertheless, the value, indeed critical role, of residual
patches will have been realized in earlier seral stages, and will persist in old
growth stages.
Cut Stands With Residual Live Trees
In the absence of second rotation harvesting, the nonvascular plant
communities in stands with residuals will more closely resemble naturally
occurring post-fire stands relative to post-harvest stands without residuals.
But even the inclusion of residual timber will not achieve widespread old
growth structure in managed stands (see Chapter 13), and all DWM decay
classes may remain limited.
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Comparison Between Burned and Cut Stands
Nonvascular plant communities in post-fire and post-harvest stands of this age
have not been compared in boreal Alberta, however, it is reasonable to expect
that nonvascular plant assemblages found in such stands would be similar.
The main concern will be the net loss of DWM in post-harvest stands.
Old-Growth Structure of Harvested Stands
Post-harvest stands this age will have many old growth characteristics (i.e.
vertical and horizontal heterogeneity and open canopy) that will lead to
microhabitat diversity and abundant nonvascular plant assemblages.
NONVASCULAR PLANT RESPONSES TO FOREST EDGES

Studies of nonvascular plants
in edge habitat in Alberta are
lacking.

Wind fragmentation in
exposed edges threatens
epiphytic species.

Distance from edge and aspect
influence nonvascular species
assemblages.
Acclimation to dessication is
important in the persistence of
lichens in edge habitat.
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Few studies have examined the influence of edge habitat on nonvascular
plants, and studies from Alberta boreal forests are conspicuously lacking. The
majority of relevant work comes from Scandinavian research in harvested
habitat and focuses on lichen rather than bryophyte communities. Recent
studies of vascular plant species in Alberta boreal forest suggest that edge
effects are not produced in mixedwood habitat (Harper 1999). It is unknown if
the same response occurs for nonvascular plant species in Alberta mixedwood
forests.
Esseen & Renhorn (1998) examined the pendulous, fruticose epiphytic lichen
Alectoria sarmentosa in edge habitat around cutblocks in Swedish boreal
forests. In their study, maximum edge effects extended 25-50 m into the Picea
abies dominated managed forest. The abundance of A. sarmentosa was
markedly lower at the forest edge compared to the forest interior, and the
length of A. sarmentosa was significantly affected by both distance from edge
and site location (i.e. edge age, aspect, exposure). The major factor reducing
lichen abundance was physical damage by strong wind, because large,
pendulous lichens are prone to thallus fragmentation, especially in newly
exposed habitat. Within 20 years, lichen abundance recovered inside the edge
habitat (20-30 m), probably due to increased growth in response to increased
irradiance (but after a period of photoinhibition). Indeed, lichen mass
constituted 22% of that in the interior forest at young edges (0.5-2.5 years)
and increased to 55% at older edges (8-16 years; Esseen & Renhorn 1998).
Published results suggest that nonvascular species responses to edge habitat
are variable. For instance, rare species (e.g. Lobaria spp. and Evernia spp.),
particularly those adapted to humid, shaded microclimate, may be more
sensitive to edge effects (Gauslaa & Solhaug 1996). However, epiphytic
lichen species diversity was only slightly lower on the forest margin than in
the forest interior on sunny south-facing edges of Finnish old growth boreal
spruce forests (Kivisto & Kuusinen 2000). Furthermore, lichen species
diversity was lower on south-facing edges compared to north-facing edges,
presumably due to exposure to more extreme solar radiation and dessication
potential. In their study, only lichen thalli directly exposed to strong light and
extremely low levels of air humidity on trees left immediately post-harvest
appeared to die (Kivisto & Kuusinen 2000). Futhermore, many species were
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found to be quite resistant to increased light levels, and following an
adjustment period, adapted well to changes in the environment. Renhorn et al.
(1997) reported no short-term growth reduction in two epiphytic lichen
(Platismatia glauca and Lobaria pulmonaria) near a Swedish boreal forest
edge, but noted that the highest growth in both species occurred within 12 m
from the forest edge. In another study (Meiners & Pickett 1999), bryophyte
species richness declined approximately 3 m from the cutblock/forest edge
into the forest interior; species showed individualistic responses to forest
edges, with peak abundance at different spatial positions relative to the forest
edge (Meiners & Pickett 1999). As a result, acclimation to more desiccating
microclimates may be an important factor in the persistence of lichens in
managed forests and forest edges.

Forest edges are dynamic
habitats.

Older edges have vertical
structure.

The most profound changes to nonvascular plant populations, and thus
communities, likely occur within 2-3 years post-disturbance and within 10-20
m of the forest edge. However, recovery of surviving populations likely
occurs as edge habitat contrasts decline with time (as regenerating stands
develop). At two different aged cutblock/forest edges (11 and 16 years since
harvest), lichen abundance had surpassed that of interior forest. Esseen &
Renhorn (1998) proposed that this recovery was caused by enhanced growth
due to increased light intensity near the edge. This was supported by Renhorn
et al. (1997), who found higher growth in transplants of two foliose lichens
(Lobaria pulmonaria and Platismatia glauca) just inside the forest edge
compared to the forest interior. However, Sillett (1994) found marked growth
reductions in two foliose species transplanted to the edge of a temperate
Douglas fir forest and attributed this to reduced photosynthetic activity due to
dessication. Nevertheless, after twenty years of exposure on a Douglas fir
clearcut edge, epiphytic assemblages were not dramatically different from
those of the forest interior (Sillett 1994). Moss mats and associated species
were still widely distributed within edge habitat, and some lichen species
(e.g., Pseudocyphellaria rainierensis) had become acclimated to the altered
microclimates of edge habitat (Sillett 1994).
Epiphytic species may exhibit differences in their vertical distribution patterns
in ageing edge habitat. As vegetation in adjacent cutblocks or burned areas
grows and shades the lower canopy of edge trees, species limited by
microclimatic factors (e.g. light availability) may be outcompeted and
replaced by species more typical of those found in the forest interior (Sillett
1994).
NONVASCULAR PLANT RESPONSES TO RIPARIAN RESIDUALS

Studies of nonvascular plants
in riparian habitat are lacking
in Alberta.
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Nonvascular plant assemblages in river and lakeshore riparian habitat have
been poorly studied in Alberta boreal forests. Timoney & Robinson (1996)
and Timoney et al. (1997) examined nonvascular plant assemblages in river
bottom old growth stands in the Peace River delta area as part of an
investigation of vegetation in general. Their results quantified the importance
of riparian habitat for some nonvascular species, but demonstrated the
importance of river bottom old growth stands for nonvascular plant dynamics
and sustainability. To date, the lack of comprehensive investigations of
nonvascular plant communities in riparian habitat in Alberta boreal forests
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represents a critical information gap for Alberta land managers; riparian
habitat is expected to support high nonvascular plant species richness and
diversity. Studies from other ecosystems have demonstrated that moss species
richness is greatest in sites flooded periodically, and with a high abundance of
DWM (Ryan 1996, Jonsson 1997, Cattaneo & Fortin 2000). Jonsson (1997)
suggested that due to the complexity of riparian systems, and the complex set
of factors that influence species richness and composition, management of
riparian vegetation should consider both coarse-filter (regional distribution of
different stream types) and fine-filter (spatial variability of different substrate
types) issues.
KEY FINDINGS

The greatest differences in
nonvascular communities
occur immediately postdisturbance.

Terrestrial and epiphytic
assemblages likely converge.

Epixylic species suffer from
lack of DWM in all postharvest seral stages.
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The greatest differences between post-fire and post-harvest nonvascular plant
communities occur immediately post-disturbance. Differences (in both
species composition and species abundance) exist because of the profound
structural dissimilarity created by natural fire and anthropogenic disturbances.
For example, cutblocks do not have high densities of fire-killed snags,
cutblocks have significantly lower volumes of DWM (in all decay classes),
and cutblocks have substantially lower densities of live residual trees.
Nonvascular plants in general, have been overlooked in post-fire and postharvest successional studies in boreal Alberta. Substantially more research is
needed for each nonvascular plant species group in all seral stages postdisturbance before managers can begin to understand all the interactions, and
thus, implications of forest management on nonvascular plants.
While terrestrial and epiphytic bryophyte and lichen assemblages have been
shown to be different immediately post-disturbance, their successional
trajectories have the best chance of convergence (summarized in Table 7.2).
However, this statement must be qualified because trajectory convergence of
nonvascular assemblages have yet to be studied in Alberta; published
evidence from elsewhere suggests that after several decades convergence may
be possible. It is highly unlikely that, after convergence, terrestrial and
epiphytic communities would end up exactly the same (i.e. identical species
composition and species abundances), because many fundamental
characteristics of natural stands cannot be duplicated in managed stands. Rare
species, and species with narrow or restricted physiological tolerances, are at
risk of being lost in managed stands (mostly because of the homogenizing
effects of stand tending and silivicultural practices that create tree
monocultures), even if the majority of species return to abundances and
distributions found in natural stands. However, given several decades, forest
floor development and ageing trees in both post-fire and post-harvest stands
should support similar assemblages of terrestrial and epiphytic nonvascular
species.
Epixylic bryophyte and lichen species (summarized in Table 7.2) are usually
in low abundance, have relatively narrow physiological tolerances, tend to
prefer DWM in later stages of decay, and are generally poor competitors. As a
result, the lack of suitable substrate (in all decay classes) found post-harvest,
and the limited likelihood of future inputs, results in threatened local
extinction of epixylic nonvascular species. As a result, it is very unlikely that
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• substrate burned by fire
• remnant populations in
patches; must tolerate
microclimatic change
• new recruits by
immigration; facilitated by
live residual patches
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POST-FIRE
EPIPHYTIC
BRYOPHYTES
AND LICHENS
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• natural stand thinning
improves microhabitat;
diversity of tree species
and residual patches
broadens niche
• bark chemistry and
moisture changes with
tree age; species richness
increases on ageing trees

• feather mosses and
other terrestrial species
dominate forest floor,
particularly under conifer
• highly competitive
species interactions; in
later stages begin
outcompeting vascular
plant species
• stands with structural
similarity will facilitate
successional trajectory
convergence
• chemical and physical
properties of bark on
ageing trees produces
highly variable species
assemblages
• larger trees create
vertical gradient
increasing niche breadth
• diversity of canopy tree
species increases richness

• developing stands
produce stabilizing forest
floor microclimate; tree
monocultures lower
diversity
• dominance by feather
mosses begins

• generalist species
established in shaded,
moist microhabitat;
distributions patchy
• amount of suitable
terrestrial habitat
determined by dominant
tree species and intensity
of stand management

• abundance of young
tree stems provides
narrow niche; diversity of
tree species and residual
patches increases niche
breadth
• dense stems begin to
stabilize microclimate

MATURE
76 – 125 yrs
• feather mosses and
other terrestrial species
dominate forest floor,
particularly under conifer
• highly competitive
species interactions; in
later stages begin
outcompeting vascular
plant species

AGGRADATION
26 – 75 yrs
• developing stands
produce stabilizing forest
floor microclimate;
diversity dependent on
tree canopy composition
(greater richness under
spruce)
• dominance by feather
mosses begins

ESTABLISHMENT
11 – 25 yrs
• early seral colonizers
largely restricted
• generalist species
established in shaded,
moist microhabitat;
distributions patchy
• amount of suitable
terrestrial habitat
determined by dominant
tree species

• chemical and physical
properties of bark on
ageing trees produces
highly variable species
assemblages
• larger trees create
vertical gradient
increasing niche breadth
• diversity of canopy tree
species increases richness
• recruitment of new

• if stands reach this seral
stage, canopy breakup
coincides with waning
dominance by feather
mosses, thus increasing
overall diversity
• diverse structure
increases richness
• trajectory convergence
likely; facilitated by
residual trees

OLD GROWTH
> 125 yrs
• canopy breakup
coincides with waning
dominance by feather
mosses, thus increasing
overall diversity
• diverse structure
increases richness

Key findings of nonvascular plant assemblages following wildfire and anthropogenic disturbance in Alberta boreal forests.

SPECIES
INITIATION
GROUP
0 – 10 yrs
POST-FIRE
• early seral seedbank and
TERRESTRIAL immigrants are important
BRYOPHYTES colonizers of charred soil;
AND LICHENS often delayed growth
• remnant populations
dominate less severe fire;
substantially lower
abundance and delayed
growth
• must tolerate microclimate change
POST• remnant populations
HARVEST
dominate throughout;
TERRESTRIAL lower abundance and
BRYOPHYTES patchy growth
AND LICHENS • must tolerate microclimate change
• early seral seedbank and
immigrants restricted to
roads and decks, etc.

Table 7.2
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• large pulse of DWM as
snags fall; substantial
resources of all decay
classes
• stabilization of moisture
regime facilitates growth
of intolerant species

• few DWM resources
make stands substrate
limited; all decay classes
limited
• all but the most
aggressive species
declining or lost

• substrate burned by fire
• abundance of later decay
stages
• recolonization by
immigration; facilitated by
live residual patches

• substrate lost by harvest
• abundant slash in early
decay stages quickly lost
as substrate
• later decay stages
limited
• recolonization by
immigration; often
delayed due to proximity

POST-FIRE
EPIXYLIC
BRYOPHYTES
AND LICHENS

POSTHARVEST
EPIXYLIC
BRYOPHYTES
AND LICHENS
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• abundance of young
tree stems provides
narrow niche; diversity of
tree species increases
niche breadth
• dense stems begin to
stabilize microclimate
• stand management
tends to narrow niche

• substrate lost by harvest
• very few remnant
populations
• new recruits by
immigration; often
delayed due to proximity
of source

POST-FIRE
EPIPHYTIC
BRYOPHYTES
AND LICHENS
POSTHARVEST
EPIPHYTIC
BRYOPHYTES
AND LICHENS
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• natural thinning, falling
snags produces new
DWM resources
• all decay classes remain
limited despite much
needed resources
• colonization of new
resources dependent on
immigration from

• all decay classes present
results in increasing
species richness
• natural thinning and
falling snags produces
new DWM resources
• stable microclimate
supports intolerant
species

• bark chemistry and
moisture changes with
tree age; species richness
increases on ageing trees
• tree monocultures
reduce richness

• all decay stages present,
but at lower volume and
with limited or lost
species assemblages
• naturally poor
competitors in low
abundances at risk of
local extinction

• all decay classes present
• naturally poor
competitors reach high
abundances on readily
available DWM resources
• microclimate supports
intolerant species in
variety of stand types

• chemical and physical
properties of bark on
ageing trees produces
highly variable species
assemblages
• larger trees create
vertical gradient
increasing niche breadth
• stands with structural
similarity will facilitate
successional trajectory
convergence

• if stands reach this seral
stage, chemical and
physical properties of
bark on ageing trees
produces highly variable
species assemblages
• larger trees create
vertical gradient
increasing niche breadth
• recruitment of new
cohort of subcanopy trees
increase niche breadth,
but monocultures
decrease niche breadth
• trajectory convergence
likely; facilitated by
residual trees
• all decay classes present
• naturally poor
competitors reach highest
abundances on readily
available DWM
resources; but rarely
dominant
• microclimate supports
intolerant species in
variety of stand types
• if stands reach this seral
stage, all decay stages
present, but at lower
volume and with limited
or lost species
assemblages
• naturally poor
competitors may reach
low abundances on

cohort of subcanopy trees
increase niche breadth

NONVASCULAR PLANTS

delayed due to proximity
of propagule source
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POSTHARVEST
EPIXYLIC
BRYOPHYTES
AND LICHENS
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immigration from
surrounding forest matrix

• by seral stage end,
populations may slowly
begin to recuperate;
facilitated by residual
trees

low abundances on
available DWM resources
• microclimate supports
recuperating species in
variety of stand types
• convergence of
successional trajectories
is unknown
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convergence of epixylic assemblages will occur with shortened rotation times
in managed stands.
MANAGEMENT IMPLICATIONS
Unfortunately there is no single forest management prescription that, once
implemented, will act as a panacea for forest managers. Nonvascular plants do
not respond the same way to perturbation, nor do we understand completely
the array of interactions between species. Management implications (see
Table 7.3) are present with reference to the nonvascular plant guilds described
above. While this may first appear as an example of fine filter management,
many of the recommendations are duplicated within subsequent guilds.
Implementation of any single recommendation likely influences a suite of
nonvascular plants, but may also be detrimental to other nonvascular plants or
other biotic elements.
FUTURE RESEARCH NEEDS
This review and synthesis has identified numerous information gaps with
respect to nonvascular plants in Alberta’s boreal forests. These gaps could be
addressed with the following research requirements:

ALBERTA RESEARCH COUNCIL

•

Information is generally lacking for all nonvascular plant species
assemblages in all boreal habitat types (aspen, mixedwood, white spruce,
and particularly black spruce and wetland areas). A comprehensive
examination of annual species composition/cover variability and within
stand species composition/cover variability is lacking throughout the
boreal forest.

•

Thresholds of habitat suitability have not been studied in boreal stands
after both harvest and fire.

•

Comprehensive analysis of successional trajectory convergence of
nonvascular plant species groups as well as overall nonvascular plant
communities should be studied. Contrasting management requirements
for some plant species groups should be tested.

•

Additional research on the influence of wildfire in creating microhabitat
variability is required. In general, nonvascular plant composition
information is lacking for all seral stages in post-fire stands particularly
for burned forest edges and burned riparian areas. All seral stages in
managed stands require data collection.

•

Sustainable salvage logging levels have not been studied.

•

More comprehensive examination of nonvascular plants along riparian
corridors is required.

•

Information on long-term reproductive success in managed habitat is
needed to compliment species composition and cover data.
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EPIPHYTIC
BRYOPHYTES AND
LICHENS

• maintain longer rotation times; larger amounts of
live residuals shortens convergence
• broadcast burn

• retain large pieces of DWM and stumps in
cutblocks; avoid extensive use of burn piles
• winter logging reduces damage to duff layers;
maximize traffic-free zones; use low impact
equipment
• avoid managing for tree monocultures

• leave patches of live residuals (larger the better)

• maintain longer rotation times; larger amounts of
live residuals shortens convergence

• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
• managed stands do not duplicate the scorching effects of wild fire; some
species require the presence of fire to break dormancy; a few
inconspicuous species are adapted to charred surfaces
• to facilitate growth, terrestrial species often colonize rich humus or the
very oldest decayed wood
• compaction and mechanical disruption of duff damages microhabitat and
alters surfacial hydrology
• regenerating stands with multiple canopy tree species increases diversity
of ground layers, provides variation in nutrient availability, and alters
microhabitat
• different residual tree ages increase richness of epiphytic species;
larger/taller live residual trees add vertical variation to epiphyte
assemblages; larger residual patches reduce the risk of wind fragmentation
to interior populations; live residuals provide a source of propagules from
species adapted to many microhabitats; live residuals facilitate dispersal; a
distribution of residual patch ages adds temporal and spatial heterogeneity
to managed stands; variable distributions of residuals add structure to
managed stands
• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
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RECOMMENDATONS
• leave patches of live residuals (larger the better)

IMPLICATIONS
• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals adds structure to managed stands;
residuals eventually add volume to DWM

Management implications and recommendations for nonvascular plants in Alberta’s boreal forest.

SPECIES GROUP
TERRESTRIAL
BRYOPHYTES AND
LICHENS

Table 7.3

NONVASCULAR PLANTS

• retain slash; pile some large pieces of slash so that
it decays slowly (i.e. provides substrate later in
succession); disperse live and dead residuals
throughout the block
• burn small piles (this contrasts with above)

• harvested stands have significantly reduced volumes of DWM in all
decay classes; maintain as much pre-existing DWM as possible; leave as
much slash as possible in cutblocks; actively manage for future DWM
inputs by leaving piles
• managed stands do not duplicate the scorching effects of wild fire; some
species require the presence of fire to break dormancy; a few
inconspicuous species are adapted to charred surfaces
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• maintain longer rotation times; larger amounts of
live residuals shortens convergence

• convergence of post-disturbance successional trajectories is critical to
maintain biodiversity in managed stands
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• regenerating stands with multiple canopy tree species increases diversity
of ground layers, provides variation in nutrient availability, alters
microhabitat, and provides variation in future DWM resources

• compaction and mechanical disruption of duff damages microhabitat and
alters surfacial hydrology

• avoid managing for tree monocultures

• winter logging reduces damage to duff layers;
maximize machine-free zones; use low impact
equipment

• retain large pieces of DWM and stumps in
cutblocks; avoid extensive use of burn piles

• leave patches of live residuals (larger the better)

• live residuals provide a source of propagules from species adapted to
many microhabitats; live residuals facilitate dispersal; a distribution of
residual patch ages adds temporal and spatial heterogeneity to managed
stands; variable distributions of residuals add structure to managed stands;
residuals eventually add seriously limited volumes of DWM

EPIXYLIC BRYOPHYTES
AND LICHENS

• epixylic species often colonize rich humus or the very oldest of decayed
wood

• avoid managing for tree monocultures

• regenerating stands with multiple canopy tree species increases variation
of chemical and physical properties of bark, and alters microhabitat;
epiphytes on deciduous trees tend not to grow on conifer trees, and vise
versa

EPIPHYTIC
BRYOPHYTES AND
LICHENS

NONVASCULAR PLANTS

NONVASCULAR PLANTS

•

Data is lacking for sensitive or rare vascular species in both burned and
managed stands.
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CHAPTER 8: REGENERATION OF TREES AFTER WILDFIRE AND
HARVESTING
Ken Greenway, Steven Cumming, and Brigitte Grover
INTRODUCTION

Clearcutting with retention of
structure is the dominant
silviculture system used to
regenerate aspen-dominated
mixedwood forests.

Silviculture systems are designed to facilitate the establishment of stands and
manage their growth and structure to meet ecological, economic, social and
regulatory objectives in a cost effective and sustainable manner. As an initial
component of the silviculture system, harvesting should be designed to
optimize fibre extraction and also assist in regeneration of the harvested
stands.
This chapter will discuss the effect of clearcutting and retained structure on
the growth and yield of the regenerating aspen-dominated mixedwood stand.
Alternative silvicultural systems such as seed tree harvests, selection harvests,
group or uniform shelterwoods, underplanting, as well as site preparation and
stand tending techniques are used where the reforestation goal is to regenerate
mixedwood forests and are outside the scope of this chapter.
Wildfires are important for stand initiation and this natural disturbance
process is responsible for many of the stand types found on the landscape
today. The time and stages through which they developed are thought to be
long and complex. Like harvesting, wildfire can produce a plethora of postdisturbance conditions within which new stands initiate. However, the
detailed developmental trajectories of post fire disturbed stands are still
largely unknown. Current ecological succession models state that pioneer
species such as aspen and birch are replaced over time by longer-lived,
slower-growing species such as spruce and fir. The timing and causal factors
that bring about these changes after wildfire are currently poorly understood
and are presently the target of considerable scientific investigation.

Stand developmental pathways
after disturbance are highly
varied; our knowledge of these
pathways is largely confined to
the early initiation stages and
the mature growth stages.

Tree species composition and spatial dynamics of the initiation phase (0-5
yrs.) and the patterns of tree and stand volume growth during the mature
phase (50-90 yrs.) are reasonably well documented. However, there is
currently a lack of empirical data and sufficiently complex models to predict
stand development during the juvenile stages (5-50 yrs.) and late mature
stages (90+ yrs). Indeed, stand development during these two phases remains
largely a matter of professional conjecture.
The regeneration ecology of trembling aspen, balsam poplar and white spruce,
the dominant upland boreal mixedwood species, is briefly reviewed. The
effect of harvesting activities, wildfire, and stand structure on the
developmental pathways of aspen dominated mixedwood stands are
discussed. A summary of the management implications of this information
with respect to stand growth and yield is provided and information gaps that
limit our understanding of stand development are identified.
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REGENERATION ECOLOGY OF ASPEN AND BALSAM POPLAR
AND WHITE SPRUCE

Extensive aspen rooting
systems have enormous
reproduction potential that
produce vegetative
regeneration in response to
death of the canopy trees and
changes to site and soil
conditions.

Aspen seeds prolifically, but
the need for exacting site and
weather conditions to enable
seedling growth results in rare
instances of regeneration for
seed.
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Populus species are capable of both sexual and asexual reproduction. Aspen
vegetative regeneration (suckering) is a function of numerous factors, though
suckering is thought to be controlled mainly by the loss of apical dominance
and soil temperature. It is believed that a change in the balance of growth
regulators created after the mature tree is cut, burned, girdled, or following
defoliation of the tree, stimulates the development of new suckers (Eliasson
1971). However, suckers are also found in apparently undisturbed aspen
clones as well as in small experimental or natural gaps indicating that apical
dominance as a controlling factor is not absolute (Schier 1975, Schier &
Smith 1979, Groot et al. 1997, Cumming et al. 2000). Many studies have
shown that increased soil temperature is associated with increased initial
number of suckers produced (Hungerford 1988). Suckering observed in
experimental openings and in natural canopy gaps that are too small to raise
soil temperatures (Carlson & Groot 1997) suggest that temperature alone is
also not the critical limiting factor, though sucker survivorship is facilitated
by the increases in light levels associated with small gaps (Carlson & Groot
1997) or canopy senescence (see Cumming et al. 2000 for a review and
discussion). The presence of both adequate numbers of live roots that are
spatially dispersed across an area is also necessary to provide for the potential
for sucker development. Root biomass under most aspen dominated stands is
very high, with estimates of lineal root biomass greater than 0.5 cm in
diameter exceeding 12m/m3 of soil (Greenway unpubl.). In young stands total
live root biomass can be as high as 18 t/ha (DesRochers & Lieffers 2001).
Suckering potential of severed root segments tested under growth-chamber
conditions suggests that several million suckers/ha are possible (Greenway
unpubl.) though expression of this suckering potential is never realized in the
western Canadian boreal forest.
Aspen produce large quantities of very small seeds, which are dispersed from
late spring through midsummer (Zasada et al. 2001). The wind-dispersed
seeds can travel long distances and seedlings may be found several kilometres
from a seed source (Zasada et al. 2001). Annual seed production is variable,
with large seed crops reported to occur every four or five years (Peterson &
Peterson 1992). The seeds remain viable for only a few weeks, and due to
their small size, require direct contact with mineral soil, high soil moisture
and low site evapotranspiration until the roots can access consistent supplies
of soil water. Development of above ground seedling biomass is very slow in
the first year, so minimal competition from other plants is important in
enabling the seedling access to sufficient light. Though the conjunction of
favourable environmental conditions for seedling establishment are thought to
be rare, successful aspen regeneration from seed has been documented in the
Intermountain West of the United States (Kay 1993, Romme et al. 1997) and
in Jasper National Park (White et al. 1998). These seedling establishment
events are attributed to availability of mineral soil seedbeds created by fire,
coincident with cool moist conditions in the following growing season. There
are reports of occasional aspen recruitment via seeding in the Canadian
western boreal forest, especially on burnt pine or bog sites (Peterson &
Peterson 1992, p. 28) but the relative importance of seeding compared to
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vegetative regeneration has not been studied. However, on the basis of the
available evidence, it seems probable that most aspen found in either pure or
mixed species stands now present in the Alberta boreal plains were
established from post-fire vegetative regeneration, rather than from seed.
Balsam poplar also reproduces by suckering, although suckering densities are
reported to be lower than for aspen (Zasada et al. 2001). The spatial
distribution of balsam poplar root suckers is more restricted than for aspen
(Zasada & Phipps 1990) and its sucker distribution is further restricted due to
its propensity to stump sprout. Seeding of balsam poplar is prolific and though
seeds are also short lived, they tend to be more successful in seedling
establishment than commonly found for aspen. Sexual reproduction is thought
to be relatively important for this species, especially in riparian areas, where
newly formed sandbars are colonized by windborne seeds (Zasada et al.
2001).

White spruce regenerates
solely from wind-dispersed
seeds; seed production is
highly variable with large trees
disproportionately important
seed sources.

White spruce reproduces exclusively by means of wind-dispersed seeds and
lacks vegetative reproduction mechanisms that facilitate many other boreal
species to persist through wildfire (Heinselman 1981). Annual seed
production is highly variable, with exceptionally high seed production events
(mast years) occurring every 6-12 years with moderate seed production
interspersed amongst years with little to no seed production (Waldron 1965,
Zasada & Viereck 1970, Fox et al. 1984). Seed production is a function of
tree size and environmental conditions. Large diameter trees are
disproportionately important seed sources and maximum seed production
requires full sunlight (Nienstadt & Zasada 1990). Understorey trees produce
few, if any, viable seeds.
Due to its reliance on wind for seed dispersal, tree height, wind conditions and
structure control the spatial extent of seedling recruitment relative to the seed
tree. White spruce seeds can disperse up to 400 m on open sites (Dobbs 1972,
Zasada 1972) though most seedling establishment has been found in the range
of 75-150 m from the source (Greene et al. 1999, Stewart et al. 1998). In
much of Alberta the prevailing winds blow from the west or northwest, so
white spruce seedlings are likely to be concentrated in an ellipse to the south
or southeast of a seed source.
Dense spruce seedling establishment occurs in disturbed areas when there is
high seed production, large amounts of exposed mineral soil seedbeds and
adequate substrate moisture.

Exposed mineral soil and
rotten log seedbeds are optimal
recruitment sites for up to 4
years after creation. For
successful colonization to
occur a seed bearing tree
should be within 100 m.
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Seedling recruitment most commonly occurs on exposed mineral soil (Wright
et al. 1998), due to its favourable moisture content and lack of competing
vegetation. Recruitment onto forest floor layers is usually minimal, though
given mast years and moist climatic conditions substantial numbers of spruce
may establish on intact forest floors (Wurtz & Zasada 2001). White spruce
regeneration can also be found on or adjacent to decayed downed logs in
mature aspen and mixed stands (Rowe 1955, Lieffers et al. 1996, Simard et
al. 1998, LePage et al. 2000). Receptive seedbeds are typically created only
after disturbance events that expose mineral soil or in older stands where
downed rotten logs are common, as has been found in 60 year and older aspen
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stands (Lieffers et al. 1996). Exposed mineral soil seedbeds are rapidly
colonized by herbaceous vegetation and litter accumulations, and will no
longer support spruce recruitment within a few (<4) growing seasons after
creation (Zasada et al. 1978, Wurtz and Zasada 2001, Purdy et al. in press).
The role of fire and harvesting in creating a sufficient amount and types of
receptive seedbeds can be documented, however, successful recruitment also
relies on adequate seed supply and moist climate. The actual amount and
distribution of recruited white spruce seedlings will be accordingly highly
temporally and spatially variable, making predictions of future forests very
tentative. The role of stand structure is important to white spruce regeneration
through retention of a seed source and moderation of the microclimate, rather
than in mediating the creation of seedbeds.
REGENERATION AND GROWTH OF TREES AFTER HARVEST
AND WILDFIRE
Initiation Stage: 0-10 Years Post-Disturbance
Regeneration After Wildfire
Mature seed bearing trees must survive the fire and/or be within the dispersal
range of an appropriate seedbed for sexual reproduction to contribute to the
regenerating forest. As noted, distance to a seed source rarely limits the poplar
species sexual regeneration success after disturbance, rather coincidence of
appropriate seedbed and stringent climatic requirements immediately after
seed dispersal are the major constraining factors. The necessary presence of
seed trees within a finite distance of all locations of a fire-affected area is
critical to achieve successful white spruce recruitment.
Regeneration after disturbance
requires survival of seed
bearing spruce or undamaged
on-site roots of aspen and
balsam poplar.

For deciduous tree vegetative regeneration to be successful, the regenerating
structures (roots and stumps) must remain alive after the fire in a spatial
distribution across the area that will allow full site utilization. Limits to spatial
distribution are most severe for balsam poplar and birch, where vegetative
reproduction is more concentrated to areas immediately adjacent to the stump.
In aspen an extensive rooting structure typically assures good spatial coverage
where roots remain alive after fire.
Chapter 5 reviewed the current knowledge about the distribution, abundance
and characteristics of the aboveground residual structures within a burn
mosaic. The species composition of residuals (patches or individuals) may
vary with vegetation, terrain, and fire characteristics, though inconsistent
findings have been reported (see Chapter 5). However, it is known that the
probability of individual tree mortality is a function of fire intensity, species
and diameter (Johnston 1992, Figure 4.10). For example, a moderate intensity
surface fire that would kill aspen stems of 20 cm dbh might spare white
spruce individuals larger than 40 cm dbh. Spring ground fires would tend to
kill understorey spruce since their long continuous crowns act as a ladder fuel
enabling the fire to burn the entire crown. Furthermore in early spring, low
needle water content would facilitate burning. In contrast, larger mature
aspen, with their short, less combustible crowns and thicker bark are more
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Season and severity of fire
dictate the species and size of
trees left unburned; these
residuals will impact the kind
of re-vegetation occurring on
the site.

likely to survive. Quintilio et al. (1991) reported on the size-specific mortality
amongst aspen stems subjected to experimental spring burns. Stems >20 cm
dbh had 0% mortality 4 years after a fire, but mortality rates increased sharply
in smaller size-classes. Thus, spring surface fires may affect the understorey
much more than the overstorey, and amplify pre-fire differences in size
structure and species composition. The successional development of a stand
where the spruce understorey was burned would be predicted to be quite
different than if the understorey had remained intact.
Aspen

Initial aspen regeneration after
fire is high for moderate
severity fires; fires that are too
hot kill roots, but light fires
may not stimulate a
regeneration response.

Aspen regeneration densities are initially likely to be higher in burned areas
than non–burned areas (Hungerford 1988, DeByle et al. 1987). The black
charred layer on the soil surface greatly increases the absorption of radiation
by the soil, which raises daytime soil temperatures and can enhance aspen
suckering. Low intensity fires may leave a pattern of residuals that cannot be
classified as clumps or single trees but are more akin to a shelterwood system.
According to Horton and Hopkins (1966) aspen sucker densities are low in
such burned stands. These fires leave the forest floor largely intact inhibiting
soil warming and the surviving canopy may also inhibit sucker development
and growth through continued apical dominance and shading. Moderate
intensity burns that kill all the canopy stems and remove understorey
vegetation (Quintilio et al. 1991) may result in a dense stand of aspen suckers
(Horton & Hopkins 1966). Extremely severe burns on the other hand can
eliminate or significantly reduce aspen regeneration, because the heat kills the
sucker producing roots. In these cases, suckers may develop from more
deeply buried roots though the sucker densities tend to be much lower than
from near-surface lateral roots (Brown & DeByle 1989, Bartos et al. 1991).
These qualitative relationships between burning and subsequent regeneration
have been questioned, however. For example, Brown and DeByle (1987,
1989) found no consistent relationship between fire severity and aspen sucker
densities, perhaps because of confounding factors such as the pre-burn stand
conditions, root densities, clonal rooting habits, and post-burn environmental
conditions. They suggest that moderate fires which consume the litter and
downed woody material, char or consume much of the forest floor, and kill
most of the shrub layer, should promote a vigorous aspen suckering response.
Spruce
Fire can affect the competitive environment, the availability of appropriate
regeneration substrates, and the presence of a seed source, which together
with climatic conditions determine the initial stand species composition.
For fires of very high intensity where recolonizing vegetation is all of seed
origin, no vegetation types will be able to rely on existing structures to out
compete others. In such circumstances, the strength of competition for microsite resources is likely to be more evenly split amongst the colonizing
individuals, enhancing the likelihood for spruce seedling establishment.
However, other site limitations may be severe under such post-fire conditions
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(see Chapter 4) and poor spruce recruitment into large openings has been
attributed to the extreme environmental conditions (Coates 2002).

Intense wildfires can create
mineral soil seedbeds that are
most easily colonized by
spruce; most spruce
recruitment is within a few
years of a fire as re-vegetation
of the site rapidly depletes
seedbed receptivity.

Seedbed creation by fires is highly variable, with estimates of amount of
exposed mineral soil ranging from 5-40%. Survival of downed rotten logs
depends on the fire intensity but a reduction in downed wood material
(DWM) over the pre-disturbance levels is probable in most fires (see Chapter
5) hence immediate availability of this seedbed type is likely to be reduced.
Greene and Johnson (2000) suggest a modal occurrence of white spruce
receptive seedbeds of about 15% of a wildfire’s area. Seedbeds remain
receptive for only 3-5 years after fire (Purdy et al. in press) due to the rapid
recolonization of mineral soil sites by vegetation. Previous reports suggesting
a continuous ‘trickling in’ of spruce recruits in to aspen stands were based on
the apparent age structures of white spruce and relied on aging techniques that
seriously underestimated the age to breast height. As with black spruce
(DesRochers & Gagnon 1997), accurate age determination is necessary since
decades may be required for a seedling to reach breast height under a fully
developed aspen canopy. It is now believed that the vast majority of seedlings
recruit within a few years after a wildfire.
In addition to seedbeds, white spruce regeneration is strongly affected by two
additional random factors: the spatial distribution of seed sources relative to
the seedbeds, and the annual seed production. A simple model can illustrate
the scale of the variation in recruitment as a function of these factors. Assume
that:
1. substrate is not limiting in the first year post-fire;
2. mast years occur one year in five;
3. in a mast year, a spruce stand can fully stock a “nearby” burnt area;
4. in non-mast years, mean seed production is adequate for 10%
stocking; and
5. the area of regeneration substrate decreases by 90% per year, postfire.

Periodicity in seed production
and need for moist
microclimate and receptive
seedbeds makes for highly
spatially and temporally
variable white spruce
recruitment.

Using these suppositions, the mean white spruce stocking density would be
approximately 30%, while and the probabilities of 100%, 20% and 10%
stocking are 20%, 20% and 60%, respectively. These estimates account for
the different combinations of seed and substrate availability in the first four
years after fire. Although this simple model does not account for any variation
in burn intensity or the proximity of seed sources, it indicates that the pattern
of white spruce establishment within burns will be highly variable.
Spruce recruitment after small fires, or those with high edge to area ratios,
will be less limited by dispersal distance. Similarly, regeneration after larger
fires will not likely be limited by seed source adjacency if residual patches
remain scattered throughout the burn and if they contain seed bearing trees
(Greene & Johnson 2000). As fire size increases, the proportion of the burnt
area located at a distance greater than the maximal dispersal distance of white
spruce seed may increase. In very large fires, as much as 50% of the burnt
area may be further than 100 m from the nominal fire perimeter or an edge of
a fire residual patch (Eberhart 1986). Adequate stocking is possible within a
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The presence of scattered
residuals with seed producing
individuals is fundamental to
achieving the potential for
good spruce recruitment into a
fire.

Initial seedling mortality can
be high due to desiccation;
moist microsites and shading
vegetation can aid in spruce
recruitment.

limited zone (<75 m) of a fire or residual edge but achieving adequate
seedling stocking beyond this range is not likely.
Microsites less prone to desiccation are likely to have less mortality than
driers sites (Greene et al. 1999, Wurtz & Zasada 2001) though clearly weather
and site conditions interact in regulating site moisture. Fire killed stands can
have a considerable amount of inert structure left on site in the form of snags
and woody debris (see Chapter 4). This structure may provide germinating
seedlings with protection from environmental extremes and may also release
nutrients into the regenerating stand facilitating seedling growth. Changes to
site chemistry and nutrient availability have been suggested as reasons for the
finding that spruce seedling growth is faster on burned sites than on adjacent
unburned sites (Ballard & Hawkes 1989, Densmore et al. 1999).
Regeneration After Harvest
Harvesting operations change soil conditions and site characteristics in ways
quite different to that of fire (see Chapter 4). Particularly for aspen, whose
regenerating structures (roots) are non-mobile and exposed to all the
harvesting phases, any harvesting activity can directly impact regeneration
through effects to the roots and/or indirectly impact the regeneration by
changing site conditions. Chapter 4 has dealt with role of fire and harvesting
to alter soil properties and has touched on the impact of these changes to tree
regeneration and growth, and these impacts will be re-emphasised here with
respect to regenerating trees.
Aspen
Aspen roots have thin bark and are concentrated near the surface. Therefore
any amount of traffic may directly injure the roots and alter the regeneration
response on the site. The amount of root injury is related to the amount of
traffic (repetitive passes), thickness of any buffering layers (forest floor,
snow, vegetation), and type of harvest-related activities.

Aspen roots lie in the mineral
soil/forest floor interface and
are therefore easily damaged
by harvesting equipment.

Areas subjected to repeated impacts (most notably decking areas) are
routinely scuffed down to mineral soil, exposing roots to abrasion and
breakage. Concentrated traffic in “designated” skid trails commonly formed
when avoiding green tree retention zones, low lying wet areas, or at
approaches to creek crossings may result in localized root destruction. Sideslope and uphill skidding that result in tire slippage also can break or injure
aspen roots. Aspen roots are highly susceptible to decay (Maini & Horton
1964) and severed root sections in soils of high moisture content die quickly
(within 10 days in laboratory experiments, Greenway pers. obs.). Poor aspen
regeneration has been reported in soils of low aeration (Crouch 1986, Bates et
al. 1990) from both limited poor pore space and high soil moisture content.
Root-buffering layers may offer some protection to direct root injuries, with
snow the most common buffering medium of consequence in Alberta. Packed
snow of 15-30 cm depth is suggested as a minimum to protect roots and soil
from impact by equipment (D. McNabb pers. comm., Anon. 1995) though
granular snow commonly found in boreal forests up until spring, has little if
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any protective function (Anon. 1995). Thick forest floors as well as heavy
brush can also act to reduce the potential for direct root impacts from
equipment. Unfortunately, thick forest floors or brush layers will also act to
insulate the soil, potentially retarding aspen sucker initiation.

Harvesting equipment impact
may be lessened when buffered
by thick packed snow or deep
forest floors, though amount
and type of harvest traffic
ultimately controls root
injuries.

All ground-based equipment has the potential to directly impact aspen roots.
However certain type of equipment have greater impact than others due to
their design and/or operation. For example, tracked equipment tends to have
less impact than wheeled equipment. Tracked vehicles that pass only once
over an area usually have minimal impact on roots unless soils are
exceptionally wet, or have tracks with large cleats that may severe the nearsurface roots. Wheeled skidders have a significant role to play in causing root
injuries from wheel-slippage causing tearing/breakage of near-surface roots.
The repeated trafficking of areas around decks by skidders can cause large
amounts of root damage. The negative impacts to roots from unfrozen-ground
skidder traffic have been reasonably well established (Zasada & Tappeinner
1969, Bates et al. 1993, Shepherd 1993b). These studies have shown that root
damage is greater in heavily trafficked areas than in lightly trafficked areas,
but that damage may occur even in areas with a lack of visual signs of skidder
traffic.
Surface soil displacement, such as in-block road construction, will reduce
aspen suckering on and adjacent to the roads. Roads in summer-harvest areas
are typically constructed by stripping the running surface to mineral “C”
horizon, with roadside ditches constructed to aid drainage. Overburden is
piled adjacent to the road, and later is used in road reclamation. Apart from
any issues of impacts to soils, the loss of aspen roots from the road and
ditches will prevent suckering in these areas. Roots in the overburden are
usually dead or heavily damaged by the time of reclamation. Retrieval of road
overburden during reclamation may be either incomplete (leaving roots buried
in excess soil), “too complete” removing soil and live roots beneath the
overburden, or conducted after suckering has initiated. In the first two cases,
the deactivation process may reduce sucker establishment adjacent to the
roads and in the later case existing suckers may be damaged. In contrast to
summer roads, winter roads constructed by shear-blading with minimal
disturbance of the mineral layers and the aspen rooting system, minimize the
impact of road construction on aspen regeneration. Winter roads trafficked
only in a well frozen state can have aspen root suckers initiate on the running
surface (D. McNabb pers. comm.). Minimal overburden, lack of drainage
ditches, and minimal, if any road rehabilitation further increases the chances
for the establishment of suckers around the in-block roads.
Harvest activities may also indirectly affect aspen regeneration through
changes in site conditions. Displacement or compaction of duff layers, and a
reduction in lesser vegetation cover can aid in soil warming and aspen sucker
initiation. Several studies have reported large increases in initial sucker
densities on experimental sites where forest floor layers have been removed
(Lavertu et al. 1994, Corns & Maynard 1998, Stone & Elioff 1998, Kabzems
2000). Similarly others have observed that where all harvesting equipment has
been excluded when removing canopy trees (leaving an intact forest floor and
understorey vegetation layer) total initial deciduous suckering was
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approximately 50% that of areas with light traffic (Greenway unpubl.). Severe
competition from grass in harvested blocks has been postulated as one
controlling factor resulting in lower post-harvest aspen densities (MacIsaac &
Crites 2000). Harvesting may also increase the amount of insulating materials
on site thereby inhibiting aspen regeneration. Accumulations of logging
debris have been linked to reduced aspen densities (Bella 1986, Corns &
Maynard 1998), likely through impeding soil warming.

Logging roads can remove
roots, and harvesting activities
can compact soil or alter soil
insulating layers, which
together with site vegetation
can reduce aspen regeneration
density and growth.

Changes to soil properties as a
result of harvesting activity
together with site conditions
and weather control aspen
regeneration density and early
stem growth.

Early aspen regeneration
mortality is very high so that
the initial stem densities tend
to converge over time
regardless of starting densities.

ALBERTA RESEARCH COUNCIL

The literature’s account of the response of aspen to harvesting-induced
changes to soil properties is mixed possibly due to various ways of
documenting “impact”. Studies where soil bulk density is measured show that
soil compaction reduces initial sucker density over that found in noncompacted sites (Bates et al. 1990, 1993, Shepperd 1993b, Stone & Elioff
1998) though the differences diminish over time. More qualitative estimates
of impact suggest that high traffic areas (skid trails) have poorer regeneration
densities than low traffic areas (non-skid trails) (Navratil 1996, MacIsaac &
Crites 2000) and that summer harvests have lower sucker densities than
winter harvests (Bella 1986). However, Kabzems (2000) found no differences
in sucker densities in plots artificially compacted with vibrating compactors
relative to those left uncompacted. Instances of insignificant soil compaction
and poor regeneration (Greenway unpubl.) together with large differences in
annual regeneration success within similar operating areas (F. Radersma pers.
comm.) suggest that annual climatic differences and site characteristics exert
substantial control on the observed suckering response in aspen. Additionally,
several confounding factors influence the interpretation of studies of
harvesting and aspen regeneration. Most notably is the fact that heavy traffic,
root injuries, and alterations in duff/insulating layers and lesser vegetation are
all affected by treatments, yet their individual effect on aspen regeneration
may be positive or negative. Furthermore most studies document only
changes in bulk density, which, as noted in Chapter 4, is only one change in
soil condition brought about by harvesting. Greenway (unpubl.) documented
in situ aeration porosity in aspen cutblocks harvested without measurable
increases in soil bulk density, yet with aeration porosity at critically low
values in mid-to-late summer (below 10% air space volume). Aspen
regeneration densities were also found to be very low in these instances.
Aspen stem density declines exponentially in the first few years after
disturbance. Though sucker densities tend to converge over time the range of
densities after 8-10 years can be quite large (Peterson & Peterson. 1992).
There is some disagreement in the literature as to the patterns of sucker
mortality. Turlo (1963) and Sanberg (1951), for example, report mortality of
stem within clumps leaving single stems by year 10, though a recent detailed
study of young stand development refutes this hypothesis (Shepherd 1993a).
The latter study reported that young regenerated aspen stands remain clumped
in distribution for up to 14 years, and that individual clumps of suckers are
more likely to die than are individual stems within a clump. In either case, a
dramatic reduction in aspen densities is commonly reported, though studies to
attribute differences in mortality rate due to site, harvest conditions, or other
factors have largely been unsuccessful. Until the nature of the mortality
function is understood, caution must be exercised in predicting future stand
development based solely on initial aspen stem densities.
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Stem height is usually reported to be reduced in compacted versus noncompacted soil whether the harvesting impacts to soils were measured
directly (Bates et al. 1993, Shepperd 1993b, Stone & Elioff 1998, Kabzems
2000) or qualitatively (Navratil 1996, Bella 1986). Correlations of reduced
height growth with increased compaction are common, and for conifer
seedlings, it has been found that on a wide variety of sites species height
growth is reduced proportionately to the increase in soil bulk density
(Froehlich & McNabb 1984).

Harvesting can reduce initial
aspen regeneration, though the
long-term implications of these
impacts are as yet unknown.

Height growth reductions of 23% (Alban et al. 1994) and 52% loss in total
plant productivity (Stone & Elioff 1998) have been estimated for aspen
growing on compacted versus non-compacted soils. However both these
estimates are over very short time spans (< 5 years), thus the full impact of
reduced growth due to alterations in soils by harvest practices is at present
unknown. One projection suggests a reduction in aspen AAC may be on the
order of 15% related to detrimental site impacts from harvest operations
(Waldron 1993) though the lack of long-term data makes this prediction very
tenuous (Alban 1991).
Balsam Poplar

Balsam poplar regenerates by
seeds, root and stump sprouts.
Though apparently
disproportionately represented
in post-harvest regeneration,
little is known about its role in
site revegetation.

Considerably less is known about the early development of balsam poplar
after harvest. It is clear that harvest operations can set up conditions suitable
for balsam poplar recruitment. Increased soil moisture after harvesting would
facilitate an increase in the proportion of cutblock area with high soil moisture
and so could limit aspen but not balsam poplar recruitment into these areas. If
residual tree patches are preferentially left in low wet areas and/or riparian
corridors, balsam poplar component of the regenerating stand may be
increased. As noted previously, balsam poplar seedling recruitment onto
exposed mineral soil seedbed is not uncommon and recruitment onto roads
and bared areas within harvested cutblocks is seen (Grover pers. obs.).
There are persistent anecdotal accounts that the proportion of balsam poplar
regeneration in the mix of deciduous species in post-harvest stands is higher
than the pre-harvest proportion, but there is little direct evidence. MacIsaac
and Crites (2000) found markedly higher abundances of balsam poplar
saplings in second year post-harvest stands, compared to second post-fire
stands that contained almost no balsam regeneration. The stands were
matched for size and pre-disturbance age, but pre-disturbance species
compositions were not reported. Cumming and Schmiegelow (1999) found
elevated abundances of balsam poplar stems in 5-year-old cutblocks relative
to the mean proportion in the canopy of mature deciduous stands in the
vicinity (28% vs 20% respectively). However, the relative importance value
of balsam poplar amongst tree species was higher than the overall abundance
indicates, and varied significantly between stand types. Their study did not
control for pre-treatment stand composition or account for variation in site
preparation.
It is not known whether an initial increase in balsam poplar abundance would
persist until the next rotation. Re-vegetating sites become progressively drier
due to the concomitant increase in total vegetation leaf area and an increased
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Balsam poplar’s apparent
greater presence in
regenerated stands than in the
mature cut stand remains
largely unsubstantiated, as
does its relative ability to
persist in these stands in the
long-term.

canopy rain interception (especially if white spruce is a prominent
component). Balsam poplar is likely to be more strongly negatively affected
by inadequate site moisture possibly threatening its long-term persistence on
the site (Silins pers. com.). There is some evidence that the relative species
importance of balsam poplar versus aspen in mature stands decreases with an
increase in spruce density (Cumming & Schmiegelow 1999) which tends to
support this hypothesis. However, it is unclear whether this argument can be
extended to less moist, deciduous dominated stands. In most of the western
Canadian boreal forest, balsam poplar distribution is limited to hydric sites.
Considerable variation in clonal drought tolerance has been found in balsam
poplar, but this may reflect selection for the trait on more xeric sites (Strong
& Hansen 1993). Thus sites that are only temporarily hydric due largely to
harvesting impacts may not sustain high densities of balsam poplar in the
long-term. At present there is a lack of quantitative data to assess how the
proportion of balsam poplar increase in post-harvest regenerating stands, or
how persistent any such increase may be.
White Spruce
Significant differences between natural white spruce recruitment after fire and
logging are likely. Whereas the distribution of seed bearing white spruce after
fire can range from absent to patchy to well-distributed, harvested stands can
be managed to retain seed trees at optimal intervals.

Fires leave a wide variety of
tree species and size classes;
harvesting tends to retain
specific tree species and the
smaller tree sizes. These
differences may lead to quite
different tree recruitment
patterns.

Harvesting activities produce
very limited seedbeds
conducive for white spruce
seedling establishment with
mineral soil commonly
exposed on roads and skidder
trails.

ALBERTA RESEARCH COUNCIL

Seed source strength depends on the harvest timing and methods. If
harvesting occurs after the embryos are morphologically mature, seed
viability may be high even though natural seed dispersal would not have yet
occurred (Greene et al. 1999). Seed ripening in cones within limbs and tops
could facilitate seeding on site so long as the logging debris is not piled and
burned. Retention of mature spruce will ensure a strong local seed source.
Though the retained structure is typically targeted to represent the pre-harvest
stand structure, mature, large diameter highly valuable spruce, are less likely
to be retained than smaller spruce. Similarly targeting patches of undersized
spruce is operationally easily accomplished though these trees are unlikely to
produce seed for many years. However, given the opportunity to design the
spatial distribution and composition (species and size class) of the retained
structure, opportunities exist to promote a strong white spruce seed source in
harvested blocks.
Fire can be a superior agent in preparing a seedbed and controlling competing
vegetation relative to harvesting without site preparation. Creation of mineral
soil seedbeds and/or retention of rotten logs vary by harvest timing and
practices. Summer logged blocks may have a higher immediate recruitment
levels due to increased disturbance of the soil organic layers. Similarly
harvest practices that retain significant amounts of large DWM may provide
for longer-term seedbed availability. Wurtz and Zasada (2001) report that in
experimental clearcuts in Alaska, on average cutblocks had 75% of the area
undisturbed, 20% of the area was classed as disturbed with limited mixing of
organic and mineral soil, (though with no exposed mineral soil), and a
remaining 5% had exposed mineral soil which was coincident with skidder
trails. LePage et al. (2000) found mineral soil exposure in cutblocks of 4%
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and rotten wood accounting for approximately 6.6% of the cutblock area.
Mineral soil exposed seedbeds provided by temporary roads within cutblocks
can account for between 3-5% of the block area and represent potential
recruitment sites. Rehabilitation roads (ripping and organic mater pull-back)
can support height and calliper growth in planted lodgepole pine that exceeds
that found in the general cutblock trees by some 20% five years after
treatment (A. Startsev pers. comm.). The relative importance of road seedbeds
and the density, persistence and growth patterns of natural conifer
regeneration remain undocumented.
Retained Structure and Tree Regeneration
There is little information in the literature documenting the role of retained
stand structure on the regeneration and growth of tree species. The limited
amount of available information reported on only very short-term responses
and mostly with respect to clumped retention after harvest.
Retaining stand structure in clumps of stems (rather than evenly distributed)
will concentrate their impacts, from either maintenance of apical dominance
or canopy shading, the immediate vicinity of the residuals. Navratil (1996)
found that when mature balsam poplar stems were retained in patches of more
than 35 stems/clump, subsequent aspen regeneration within the clumps was
reduced, but regeneration adjacent to the patch was unaffected. Aspen
retained in small clumps (maximum of 2.3 m2/ha – basal area) after a harvest
were found to have a minor effect on subsequent sucker development (Perala
1977). More recently, MacIsaac and Crites (2000) reported finding no
relationship between second year aspen sucker density and distance to
residual structure.
Typical amounts of
operationally retained mature
deciduous trees have
insignificant direct impact on
aspen regeneration and
growth.

An indirect impact of clumped structure retention may be through the spatial
patterning of logging operations created to avoid retention patches. It has been
observed (Greenway pers. obs.) that when the retained patches are located
near the decking areas and/or in-block roads, concentration of skidding
activity at the patch edges can severely impact the soils and aspen
regeneration in these areas. However, the spatial extent of this impact is
typically small relative to the entire block area, so its effect on final harvest
yield will likely be minimal.
An inverse relationship between amount of overstorey and aspen regeneration
densities have been reported for more evenly spaced canopy retention (Doucet
1989, Smith et al. 1972). Ball and Walker (1997) reported on an extensive
partial-harvesting study where differing amounts of either deciduous and/or
coniferous basal area were retained. They report an inverse logarithmic
relationship between residual canopy basal area and total deciduous
regeneration basal area some 35 years after treatment. Retention of dense
mixed-species overstories reduced aspen regeneration by nearly 23 fold over
that with sparse spruce residual canopies and retention of only the conifer
overstorey (all deciduous stems cut) reduced regenerated aspen basal area to
levels below that of the uncut controls (Ball & Walker, 1997). Doucet (1989)
noted that retained basal area of more than 4 m2/ha was often enough to
significantly reduce aspen suckers and negatively affect sucker growth.
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Preliminary analysis of data collected at the Ecosystem Management by
Emulating Natural Disturbance (EMEND) site in north western Alberta
indicated that when retained stems are evenly distributed (strip shelterwood
cut), the total aspen and balsam poplar regeneration density is inversely
related to retained basal area and when the retained basal area approached
20m2/ha, deciduous regeneration was severely suppressed. For stands where
spruce was the dominant canopy tree, the apparent threshold residual basal
area that severely inhibited deciduous regeneration was just 10m2/ha
(Greenway unpubl.). It should be noted that the harvesting design in this study
confined all harvesting equipment to extraction trails (except the clearcuts).
Thus approximately 75% of the block area did not receive any machine traffic
and most understorey vegetation was preserved in addition to the prescribed
canopy retention targets. Hence the additive effect of the scattered retained
canopy trees and the retention of herb and shrub layers confounds the
relationship between retained canopy and aspen regeneration.
Evenly distributed retained
canopy trees, high proportions
of coniferous trees in the
retained canopy, or the
presence of intact understorey
vegetation can limit aspen
regeneration and early growth.

Retained stand structure can
facilitate good spruce
recruitment if seed bearing
trees are retained and if the
retained structure can
moderate environmental
extremes during seedling early
establishment.

Calamagrostis canadensis competition in harvested blocks can also reduce
aspen sucker initiation and growth if left undisturbed. In stands where
Calamagrostis has been present in the pre-harvest stand, it can quickly take
over the site and successfully compete with aspen resulting in poor aspen
stocking and height growth (Greenway pers. obs.). Retarded height growth
and leaf production of planted aspen seedlings under controlled soil
temperatures have been reported (Landhausser & Lieffers 1998). Harvest
practices that retain significant levels of canopy structure are also likely to
retain existing amounts shrub and herbaceous vegetation. Aspen regeneration
densities and growth can be retarded by the effects of heavy understorey
vegetation in addition to the retained canopy structure (Ball & Walker 1997).
The single most important role of retained structure on spruce regeneration is
that of serving as a seed source. Spruce trees killed in the summer can provide
viable seeds at least within the first year (Zasada 1986) while fire skipped live
spruce trees can provide the potential for repeated seed rain into the disturbed
area. Similarly, harvesting operations can be designed to retain well-spaced,
mature seed trees if spruce recruitment is desired. Retained dead structure
may also facilitate spruce seedling establishment in as much as this structure
can moderate microsite climate. The lack of empirical data on the effects of
inert structure limits our ability to assess the relative importance of such
structure or how the loss of such structure from salvage logging may impact
the subsequent success of spruce regeneration.
Establishment Stage: 10-25 Years Post-Disturbance
As noted in Chapter 5, little data exists on the fate of retained patches after
either fire or harvest and there is a total lack of empirical data as to the fate
and developmental patterns of regenerating trees within these patches. Clearly
the pattern and rate of structure loss in the patches will impact the
regeneration possibilities and growth opportunities within the patches.
Windthrow of residual spruce and stem breakage in aspen (see Chapter 5) will
have largely ceased by this time, though a slow continued loss of canopy trees
may provide recruitment opportunities in retained patches and facilitate higher
growth rates of small trees. The fate of individual spruce tree retention is of
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lesser importance with respect to their impact on the growth of regenerating
trees, but of critical importance for the provision of a seed source.
Tree recruitment is limited to
the first few years after
disturbance, very little new
recruitment will occur until 3050 years after disturbance.

As previously noted, mineral soil seedbeds lose their value to seedling
establishment within 3-4 years, so continued recruitment into any initially
created seedbeds is not likely. Rotten logs, however, do provide an alternative
recruitment site (see above discussion) and depending on the level of retained
DWM and/or the recruitment of new DWM to create rotten log micro-sites,
spruce recruitment may continue during this phase. Additional vegetative
recruitment of aspen, balsam poplar and/or birch is unlikely and seedling
establishment minimal.
Responses After Wildfire
Aspen stands rapidly develop towards maximum leaf area and canopy density
during this period (Chesterman & Stelfox, 1995) and self-thinning continues.
Many of the fire-killed aspen will have fallen to the ground by the end of this
interval (Lee et al. 1997) and decay may be well advanced towards the later
stages of this developmental period especially for larger diameter aspen logs,
and those logs closest to or on the forest floor (Sander & Wein unpubl.). Seed
dispersal will likely be much more spatially constrained as the regenerating
canopy develops (LePage et al. 2000) and seedbed availability limited to
sufficiently rotten DWM. No recruitment of deciduous trees is expected
during this interval, and only occasional white spruce recruits are likely.
Responses After Harvest

The juvenile growth phase is
dominated by stem
development and self-thinning.
Limited numbers of spruce
may recruit during this phase
over long periods of time such
that they will form a minor
component of most aspen
stands.

New tree establishment from naturally seeded white spruce after harvest is
likely as infrequent as after fire, though few data sets exist for this stage in
stand development. A recent large-scale study, the Regenerated Yield and
Standards Initiative (RYSI), reported that within the Alberta Pacific Forest
Industries forest management area, the median density of naturally recruited
white spruce in non site prepared cutblocks was as high as 2000 stems/ha 1520 years after harvest (Downing 1999). Clearly co-occurrence of seed,
seedbeds and appropriately moist weather does permit some spruce ingress
into established aspen forests. Such regeneration is by no means prompt
however, with the median regeneration lag reported to be between 8 and 17
years depending on natural sub-region (Downing 1999). Thus spruce natural
regeneration may be able to restock harvested stands, though reliance solely
on natural seeding will significantly lengthen the time to harvest.
Aggradation Stage: 26-75 Years Post-Disturbance
Responses After Wildfire
Stand development after fire is largely a function of fire severity. Stands
modified by low intensity fires (partial canopy mortality) may develop as an
uneven aged aspen/balsam stand or remain at low canopy density with a
heavy understorey shrub layer. More severe fires will have reinitiated stand
development and an aspen dominated hardwood stand will likely have
resulted.
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By the end of this interval, a significant proportion of any residual mature
aspen will have died. The regenerating aspen will have undergone selfthinning, and will also have largely controlled the understorey vegetation. The
dynamics of the deciduous stem self-thinning and the role of site, stand
composition, disturbance history and other factors in controlling tree
development are poorly understood. There is some evidence, however, of
differential developmental patterns in aspen and balsam poplar. In the vicinity
of Calling Lake, Alberta, aspen and balsam poplar were found to be of
roughly equal dominance in the sapling and pole size classes (stems <8 cm
dbh) by year 70 although aspen was dominant in early developmental stages
(Cumming 1997, Figures 5.11 and 5.12). This shift in dominance may be due
to either a disproportionate response of balsam poplar to canopy gaps or that
there was a strong preferential browsing pressure on aspen saplings.

As the canopy opens and aspen
age, small tree-fall gaps and
presence of well-rotted logs
may facilitate both recruitment
of spruce from seeds and aspen
from roots.

Residual understorey or co-dominant white spruce may become significant
seed sources during this interval. If initial white spruce recruitment was low, a
mature even-aged aspen stand with a minor balsam poplar component is likely
to have developed. By about 40 years after fire, gaps form in the canopy as
clones or individuals begin to die. By age 70, these gaps can comprise up to
10% of the stand area (Cumming et al. 2000). In the smallest gaps, low light
levels will likely limit aspen suckering, and the openings may revert to herb
and wood shrub vegetation. Larger openings (>50 m2) may exhibit significant
initial recruitment of deciduous and coniferous species (Coates 2002). In
aspen dominated stands by age 40 the understorey light levels (at the forest
floor) can be as low as 18-19% of above canopy values. This value can rise to
26% in larger openings (Lieffers & Stadt 1994, Carlson & Groot 1997)
enabling a response in the understorey vegetation. Early spatial variation in
sub-canopy light may explain the variable size and apparent age structure of
understorey white spruce, which has been interpreted as evidence of
continuous gradual post-fire recruitment. As previously noted there does not
appear to be any significant recruitment of white spruce saplings into young
aspen stands until sometime between 40 and 60 years. This may be due to
both a lack of sufficient light and/or a lack of appropriate substrates. By age
60, recruitment of white spruce on to downed logs or recently exposed
mineral soil has been found (Lieffers et al. 1996).
Responses After Harvest
The end of this interval (65-75 yr) is the expected harvest age for managed
hardwood stands in the boreal aspen-dominated mixedwoods. The
regenerating stand may not yet have converged in structure or understorey
species composition to the state of a comparable fire origin stand (Lee 1999).
Retained clumps of immature spruce may be merchantable at the time of
planned aspen harvest. Unless adequately protected from wind, individually
retained immature spruce stems are unlikely to have remained standing given
their propensity to be windthrown. Scattered aspen residuals will have died,
while larger white spruce stems are likely to still remain.

Aspen stands are targeted for
harvesting at age 70. A new
regenerated forest will be
initiated in these stands though
old stand structure areas may
now
be under
heavy shrub
and
ALBERTA
RESEARCH
COUNCIL
herbaceous competition.

Retained clumps of merchantable deciduous trees left after the original
harvest will have died prior to the second harvest. It is possible that the
retained deciduous patches left to become overmature and die may have
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regenerated poorly due to their small size and an increased brush and shrub
cover. The regeneration of overmature aspen stands has been shown to be
problematic in much of the range of aspen (Peterson & Peterson 1992),
though the relatively small size of retained patches in harvested cutblocks (see
Chapter 5) will likely create only localized areas of poor regeneration.
These patches may now have a well-established shrub and herb community
but may also contain structure not present in the rest of the area, particularly
in the form of snags, coarse woody material, and advanced regeneration.
Standing or downed deadwood will be of larger average diameter than the
same components in adjacent harvested areas though the lifespan of snags is
not precisely known. Leave patches will have either lower or higher volume
density, different piece size distributions, or a different species mix than will
be found in the rest of the stand. The exact differences will depend on the age
of the stand at harvest, the rate of canopy aspen mortality characteristic of the
site and the initial composition of the retained area. That these differences
should exist is precisely the rationale for their creation at the initial harvest.
Mature and Old-Growth Stage: 76->125 Years Post-Disturbance
Responses After Wildfire

Aspen-dominated stands in
Alberta begin to break-up by
age 100. Break-up is
characterized by an open
canopy, large diameter snags,
downed wood and many times
a heavy understorey brush
component.
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Aspen stand break-up may occur at any age within this time period and seems
to be variable across the range of the species. In south-eastern parts of the
Alberta boreal forest, aspen tend to lose vigour and rapidly decline in canopy
dominance at ages of 70-90 year Characteristics of the old growth condition
(large gaps, uneven age structure, vertical structure, snags, large diameter
downed dead wood and well-developed shrub layers) begin to develop at
about 90 years in these areas (Lee et al. 1997, Cumming et al. 2000).
However, healthy vigorous stands of 120+ years are found in the boreal
mixedwoods of northeast British Columbia (R. Kabzems pers. comm.). The
subject of aspen stand decline (break-up) has been discussed for many years,
with a wide range of opinions as to its causes. The most complete assessment
of this issue has been recently completed for an area in Saskatchewan and
suggests that the co-occurrence of insect defoliation and drought can lead to
rapid stand decline (Hogg 1999, Hogg & Schwarz 1999). As many of the
most intensively studied sites have been in the southern and eastern parts of
the Alberta boreal forest, it may be that reports of stand break-up at 90 year
reflects regional climatic conditions, in particular a relatively high potential
for soil moisture deficits.
Our current understanding of successional dynamics in boreal forests predicts
that, due to the differential longevity of white spruce over aspen, spruce will
eventually dominate sites where it is present in sufficient numbers. Thus,
during the interval of 76-125 years post-fire, the original cohort of white
spruce, if any, will have emerged as canopy dominants or co-dominants.
Where initial stocking was high enough, this represents the classic
progression of mixedwood stands from deciduous to conifer dominance.
However, it is generally believed that white spruce and aspen can persist on
the same site types for extended periods (Kabzems et al. 1986), and that given
the presence of seed sources, some white spruce will eventually recruit into
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most stands. In the total absence of a spruce component, aspen may maintain
itself in a climax state (Cumming et al. 2000, Perala 1990), or under certain
conditions of heavy understorey vegetation, be converted to a shrub/grass
community (Moss 1932). In a chronosequence study, Cumming and
Schmiegelow (1999) found evidence for an increasing abundance of balsam
poplar in older deciduous stands, and indications from the understorey
size/class structure that this trend would persist.
Current theory suggests
breaking up aspen stands will
either succeed to conifers,
where an understorey spruce
component exists; reinitiate to
aspen in a climax state; or shift
to a shrub/grass community
where spruce were lacking and
aspen regeneration was poor.

Increasing canopy openness,
availability of rotten logs, and
maturing spruce trees can set
up conditions conducive for
new spruce seedling
recruitment.

The recruitment of white spruce on downed logs may become more frequent
at this stage of stand development, particularly on rotten log seedbeds. Data
from Lee et al. (1997) indicate that in 120+ year aspen stands, newly available
receptive downed logs cover about 0.4% of the surface area. Although this is
far less than is typically available immediately post-fire, over a period a many
decades, total potential recruitment is significant. Data from Lieffers et al.
(1996), reanalyzed by K. Stadt (pers. com.) indicated that mean height growth
of understorey white spruce is not impeded when white spruce basal area is
low. Thus, seedlings have the potential to establish and grow. Residual
structure left by fire may be especially important in this context. Any pockets
of understorey or mature spruce left in islands, skips or partial burns could by
now have produced some canopy-dominant individuals, which would be
significant sources of seed input into the adjoining deciduous-dominated
areas.
The probability that a stand will survive from establishment to harvest without
being burned depends on the burn rate, and the rotation age. If Cumming’s
(2001) estimated burn rates are valid over the long run, survival probabilities
are 96% for deciduous stands under an 80 year rotation, but only 81% for
white spruce stands under a 120 year rotation. This implies that single species
management of white spruce carries a significant risk. Mixed stand
management has some potential to reduce this risk.
Responses After Harvest

Post harvest and post fire
stands are likely to converge in
appearance by age 100+ with
post-harvest stand succession
similar to fire originated
stands.

ALBERTA RESEARCH COUNCIL

The developmental patterns of post-harvest and post-fire stands are likely to
be very similar by this stage. There are few, if any data, which could be used
to predict the fate of harvested blocks this far into the future. It seems safe to
say, however, that coarse structural differences (e.g. stem diameter
distributions, snag densities, and coarse woody debris) between residuals and
the harvested area will become harder to detect as will differences between
fire and harvest origin stands. The fine-scale within-stand variability that
develops in aspen stands by the end of this interval (see Cumming et al. 2000)
would likely be as large or larger than mean differences between patches of
the regenerated stand and residuals. The exception to this prediction would be
the case where significant amounts of white spruce were present in the
residuals or if they were recruited into the stand. Small, scattered patches of
large spruce, with a component of understorey spruce may come to dominate
the stand as the deciduous component continues to decline.
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STAND STRUCTURE IMPLICATIONS TO GROWTH AND YIELD
The retained structure left
after disturbance will have
both immediate and long-term
impacts to the harvestable
volumes available from the
forest.

All mature deciduous volume
maintained as structure
represents a removal from the
harvestable volume. Additional
non-commercial areas retained
will not impact harvest
volumes.

The retained structure left after disturbance will have both immediate and
long-term impacts to the harvestable volumes available from the forest.
Clearly the level of impact to harvestable volume is directly related to the
amount of volume retained, the species composition of the retained material,
the age of the retained material, and the re-entry timing for that stand.
Wildfires unpredictably affect harvest volumes in that the retained structure is
a function of the characteristics of the fire. In contrast, harvesting leaves a
very defined type of residual structure that has readily predictable impacts on
fibre yield.
The practice of leaving merchantable trees (live economically valuable
species) for stand structure represents a volume loss equivalent to its current
merchantable volume (in harvested stands). As noted in Chapter 5, data on
current stand management structure retention practices is meagre, but
estimates are of between 5-15% of total merchantable volume is retained in
deciduous stands and typically less than 5% in coniferous stands. Fibre
discrimination during harvesting may be practiced in spruce dominated
mixedwood stands managed for conifer volume. Typically aspen is
preferentially retained due to its lower commercial value and/or in an attempt
to restrict aspen regeneration by maintaining apical dominance. However,
since both deciduous and coniferous volumes are usually allocated, the
volume losses of either species are significant.
In addition to these retained merchantable trees, areas of non-commercial
trees species, undersized commercial trees, and sensitive areas (riparian and
low lying wet areas) are also routinely preserved from harvesting. Retention
of such areas will have little to no impact on current harvestable volume but
might contribute to future volume if retained.
Retention of immature commercial trees may represent an increase in total
available volume at the next scheduled entry over simply removing them
during the initial harvest. Where such immature trees remain alive until the
next entry they will represent additional volume in that they will be older than
the regenerated forest. Though such retention strategies may provide for a
greater total volume, this volume may be at the expense of the regenerated
tree species volume. For example, if understorey spruce are preferentially
retained in harvested aspen dominated mixedwood stands, then in as much as
these stems remain through to rotation, a shift in final stand volume from
aspen towards spruce is likely. While this may represent an apparent volume
loss for a local forest operation that utilizes predominantly a single species, at
the forest level, such practices will serve to maximize the productive capacity
of the forest

Undersized trees retained for
stand structure may provide a
volume gain at second entry as
they will be older and larger
than the average regenerated
tree.

ALBERTA RESEARCH COUNCIL

The fate of the retained merchantable trees at the scheduled second harvest of
stands is largely speculative given our current lack of data, but whatever the
outcome, there is likely to be an impact on harvestable volume. Assuming that
there is an intention to again leave residual material to survive into the third
rotation, managers will be faced with the decision of whether or not to
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intervene in the original residual patches or, if possible, simply retain them
again.
In the best-case scenario, the originally retained patches may have developed
into high value timber (relative to the harvested portion of the stand) for
example if mature white spruce had been initially retained. Harvesting of
these areas and retaining additional new areas would have a net volume cost
equivalent to the opportunity cost of not harvesting the retained trees in the
original entry, less the volume gained due to their additional size (above that
had they been cut originally).
The volume cost of the second
rotation structure retention
would be nearly double that of
the initial retention if volume
in the initial retention areas is
minimal and new areas are
added at the second harvest.

If residual areas have low volume at the second entry and are to be harvested
in an attempt to bring them back into the productive landbase, and equivalent
areas of merchantable wood (new retention patches) were set aside to meet
retention targets, the volume cost of the second rotation structure retention
would be nearly double that of the initial retention.
The greatest volume cost of structure retention would occur if the originally
retained patches had converted into non-merchantable shrub/herb
communities at the second entry (i.e. no harvestable volume) and additional
areas of mature trees are retained. Such is likely to be the case where large
patches of mature aspen are retained in the first entry that will not likely be
sustained into the second rotation. The choice in such cases will depend upon
the role of a particular stand in a landscape context and the non-timber values
of the retained structure.
KEY MANAGEMENT IMPLICATIONS
•
•
•
•
•
•
•
•
•
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Current practices that retain 5 to 15% deciduous structure (by volume)
left in single trees and clumps will have little to no impact on aspen
regeneration and growth
High amounts of residuals, especially if uniformly distributed, or if
composed mainly of conifers may decrease aspen suckering and growth
If larger amounts of residuals and vigorous aspen regeneration are
desired, structure should be retained in clumps
Scattered residuals can be used to decrease aspen suckering in
conjunction with planted/seeded spruce if a mixedwood stand is desired
Retention of mature structure in wet areas and ephemeral draws will
result in a strong localized balsam poplar seed source to re-vegetate
heavily disturbed areas
Preferential retention of deciduous and/or immature conifer structure will
minimize spruce seed source strength and reduce spruce recruitment
Large mature, evenly distributed spruce should be retained if natural
spruce regeneration is desired
Harvest operations and wildfires produce inadequate and poorly spaced
seedbeds – interventions to increase mineral soil seedbeds will maximize
spruce recruitment
Timber supply planning must recognize that highly variable seed
production and a 3-5 yr seedbed receptive window will result in variable
natural spruce stocking
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•
•
•
•
•
•

Allowable cut calculations should assume all retained mature deciduous
structure is removed from the harvestable volume
Deciduous structure retained in small clumps is likely to result in nonproductive gaps in the regenerating forest
Deciduous structure retained in large clumps may facilitate deciduous
regeneration, though shrub and brush communities may compete heavily
with any regenerating trees
Originally retained mature deciduous areas present as gaps at the second
rotation and this loss of harvestable volume will be additive to any new
stand structure retained
Retained mature white spruce will most likely remain to the second
rotation and will provide harvestable volume
Retained immature understorey white spruce may achieve merchantability
and contribute to the total harvestable volume at the next rotation but
must be protected from wind

KEY INFORMATION GAPS
•
•
•
•
•
•
•

Developmental patterns and interspecies competition during the juvenile
and growth stand development phase (age 5-50)
Relative cost versus risk of natural spruce regeneration systems from
natural stocking achieved from spruce seed tree retention systems
Basic understanding of recruitment, persistence and growth of balsam
poplar and paper birch in post-wildfire and post-harvest stands
Tree composition changes in regenerating stands as a function of harvest
practice and structure retention
Persistence of retained stand structure and relationship to vegetation
community development within retained patches in both post-harvest and
post-wildfire stands
Successional stand trajectories of deciduous dominated over-mature
stands (ages 90+) without understorey spruce
Role of salvage logging and related loss in stand structure on the
regeneration of spruce into burn areas
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CHAPTER 9: RESPONSES OF BOREAL BIRDS TO WILDFIRE AND
HARVESTING
Jim Schieck and Samantha J. Song
INTRODUCTION
In choosing to move away from clearcutting harvest practices, forest
managers can select from a variety of practices that can benefit a variety of
biota. Through a combination of review and analysis of existing studies, we
have examined the response of boreal birds to both fire and harvesting, with
the intent of identifying key practices at the stand level that could more
closely resemble the effects of natural disturbance, specifically wildfire. The
structure of songbird communities (e.g. composition, abundance, richness) is
often strongly linked with the structural attributes of their habitat (MacArthur
& MacArthur 1961, Karr 1968, Recher 1969, Willson 1974). Accordingly,
bird communities in boreal mixedwood forest change throughout succession
as structural attributes of these forests change (Westworth & Telfer 1993,
Schieck et al. 1995, Welsh & Lougheed 1996). We have reviewed both
harvest practices of clearcutting and retention of live residual trees, as these
residuals may produce structural conditions in the block that are more similar
to those created by forest fires, especially as the forest regenerates (see
Chapter 1; also Franklin et al. 1997 provide a good overview of the roles of
residuals for wildlife).

Species focus is primarily on
woodpeckers and songbirds.

This chapter reviews current
published and unpublished
literature on boreal birds.

ALBERTA RESEARCH COUNCIL

In this chapter, we have focused primarily on woodpeckers and songbirds.
These species are diurnally active, and relatively easy to census without
trapping, and are the focus of many studies on birds in boreal areas. These
species also operate at similar scales to forestry and can be good biological
indicators of forest condition (Schmiegelow & Hannon 1993). Until very
recently, knowledge of boreal birds was extremely data poor; it is only with
the expansion of large-scale forestry and the research that has accompanied it
that more information has become available. Thus most of studies we have
reviewed were recently conducted and long-term studies are lacking.
Descriptions of bird communities living within different types of boreal
forests can be found in Appendix 9.1. Data on species other than woodpeckers
and songbirds are included in these lists; however, as data were collected
using techniques designed to survey songbirds, results for shorebirds,
waterfowl and raptors are highly variable. We have included them and will
allow the reader to judge their usefulness. We use these lists, plus descriptions
from other published and unpublished studies, to describe bird communities
and how they change throughout succession following fire and harvest. Each
section on a seral stage contains a summary of the comparison of fire and
harvest and comparison of the harvested stand at that stage to the old growth
state. We have concluded with a review of the response of boreal birds to
forest edge and riparian areas, including the creation of riparian buffer zone
during harvest.

9-1

BOREAL BIRDS

INITIATION STAGE: 0-10 YEARS POST-DISTURBANCE
Parallel Successional Development between Fires and Logging
Burned Stands Without Residual Live Trees

Early post-fire habitats are
dominated by AMKE, TTWO,
BBWO and NOFL.

Immediately after a fire, stands are dominated by high densities of snags, and
in areas where fire has burned intensively, little live vegetation is present.
During the next 10 years shrubby vegetation and a new cohort of aspen trees
regenerate. Not surprisingly, bird communities in these early post-fire habitats
are dominated by species that nest and forage in large snags. American
Kestrel, Three-toed Woodpecker, Black-backed Woodpeckers, and Northern
Flicker have higher densities in these early post-fire habitats than in any other
period (Hoyt 2000, Schieck & Hobson 2000). These early post-fire habitats
may be critical to persistence of these species in boreal landscapes (Bock &
Bock 1974, Short 1982, Raphael & White 1984, Raphael et al. 1987, Hutto
1995, Murphy & Lehnhausen 1998, Hobson & Schieck 1999, Hoyt 2000,
Schieck & Hobson 2000, Stepnisky & Schmiegelow unpubl., Stambaugh &
Schmiegelow unpubl.). In addition, Black-capped Chickadee, Brown Creeper,
White-throated Sparrow have high densities in these early post-fire habitats
although they also have high densities in later periods and other forest types
(Schieck & Hobson 2000).
To the southeast, in Minnesota, a different pattern was found. Shrubs were
abundant in these aspen/spruce mixedwood sub-boreal forests by three years
post-fire. Sparrows that nest and forage in open areas, and flycatchers and
warblers that nest and forage in shrubs, dominated the bird community
(Schulte & Niemi 1998). Bird communities 3-years post-fire in Minnesota
were more similar to bird communities 15 years post-fire in Alberta.

Few studies have been
conducted on white spruce
stands after fire.

Few studies have been conducted on white spruce stands after fire. However,
in surveys by Verbisky and Sykes (1999) in Northern Alberta the bird
community was dominated by species associated with open areas, spruce and
large snags1. Surveys were not conducted in early spring so the response of
key fire species, Black-backed Woodpeckers and Three-toed Woodpeckers
could not be evaluated.
Cut Stands Without Residual Trees (Clearcuts)

Birds associated with open and
shrubby habitats are common
0-10 y post-harvest.

After clearcut harvest, all merchantable trees have been removed, and the
understorey of shrubs and herbs are released. These shrubs regenerate quickly
and are common along with regenerating trees during the next 10 years (see
Chapters 6 and 8). Although differences between studies exist, bird
communities present in 0-10 years after harvest of aspen stands include many
sparrows and other species that typically nest and forage in open meadows,
riparian, and shrubby habitats2 (Westworth et al. 1984, Westworth & Telfer
1
White-throated sparrows, Swainson's Thrush, Hermit Thrush, Gray Jays, Northern Flickers, Brown
Creepers, Olive-sided Flycatchers, and Western-wood Peewee
2
Solitary Sandpiper, Common Snipe, Common Yellowthroat, Chipping Sparrow, Clay-coloured Sparrow,
Savannah Sparrow, LeConte’s Sparrow, Song Sparrow, Lincoln’s Sparrow, White-throated Sparrow,
White-crowned Sparrow, Dark-eyed Junco, Rusty Blackbird, and American Goldfinch
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1993, Pojar 1995, Kirk et al. 1996, Norton & Hannon 1997, Merkens &
Booth 1998, Song 1998, Steventon et al. 1998, Hobson & Schieck 1999,
Schieck & Hobson 2000, Schieck 2000, Lance & Phinney 2001, Tittler et al.
2001). This bird community changes through the 10 year period post-harvest
as new trees grow and shrubs regenerate in the harvest areas; for example,
Dark-eyed Junco and Solitary Sandpiper became less common whereas Alder
Flycatcher, Common Yellowthroat, Clay-coloured Sparrow became more
common in Merkens and Booth (1998) study in British Columbia Robichaud
et al. (in press) mist-netted forest species3 in clearcuts as soon as 3 years postharvest but none of these species actually held territories within the cutblocks.
Many open country bird species can remain present throughout the entire
period from 0-10 years post harvest (Merkens & Booth 1998, Lance &
Phinney 2001).
Reproductive success data are
lacking for birds surveyed 0-10 y
clearcuts.

Data are lacking for boreal
species in 0-10 y old spruce
clearcuts.

Most studies have recorded patterns of songbird habitat use but few have
documented effects on reproductive success. Hannah’s (2000) study noted
that even though densities of White-throated Sparrows in clearcut stands were
similar to those within the interior of older aspen forests, indices of
reproductive success were significantly lower within clearcuts.
All the above results are from surveys of cutblocks that were dominated by
aspen, or aspen/white spruce prior to harvest. In Western Canada, few stands
that were white spruce dominated prior to harvest have been surveyed for
birds. In the one existing study, three years post-harvest, blocks were
dominated by shrub and open habitat species such as White-throated sparrow,
Tennessee Warbler, Dark-eyed Junco, and Song Sparrow (Verbisky & Sykes
1999). Focusing on late spring, this survey was not able to document effects
of cutting in spruce cutblocks on resident species, particularly Picoides
woodpeckers, in spruce cutblocks. However, three years following harvest of
spruce-fir forests of New Brunswick, and five years following harvest of pinespruce-fir forests in Maine, many of the bird species that were common
following deciduous harvest in Western Canada4 were common along with
Chestnut-sided Warbler (a species that is uncommon in western Canada) and
a few additional species (e.g. Nashville Warbler) that do not live in western
Canada (Morgan & Freedman 1986, Parker et al. 1994, Hagan et al. 1997).
However, warblers and thrushes that nest and forage in shrubs or small trees
were common by 10 years post-harvest in these eastern cutblocks (Morgan &
Freedman 1986) whereas that was not true in western Canada. In west central
British Columbia, harvested stands of hybrid white/engelman spruce and
lodgepole pine had a bird community similar to that found following
deciduous harvest; however, Dark-eyed Junco and Yellow-rumped Warbler
are more abundant (MacKenzie & Steventon 1996).
Burned Stands With Different Amounts and Patterns of Residual Live Trees
Within boreal forests, the pattern, degree, and intensity of fires is
heterogeneous. Post-fire forests often have areas that are unburned with large,
3
Least Flycatcher, Black-capped Chickadee, Hermit Thrush, Tennessee Warbler, Yellow-rumped Warbler,
Connecticut Warbler, Western Tanager
4
Alder Flycatcher, American Robin, Common Yellowthroat, Song Sparrow, Mourning Warbler, Lincoln’s
Sparrow, White-throated Sparrow, Dark-eyed Junco, American Goldfinch
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live trees (Kelsall et al. 1977). These residual trees may be scattered
throughout the burned area, but most often they are in patches, or fire skips
(Smyth et al. subm.). As a further complication, some of the trees within the
residual patches may have been killed by fire (Hunter 1993, Eberhart &
Woodard 1987, DeLong & Tanner 1996, Smyth et al. subm.). These residual
large live trees, and live tree patches, provide resources that otherwise would
not be present immediately post-fire.

Immediately post-fire, bird
communities do not differ
greatly in burned stands with
no live residual trees versus
those with live residual trees.

Three-toed Woodpeckers are at
higher abundance in burned
habitats if large live residual
white spruce trees are present
than if these trees are absent.

In studies conducted in boreal Alberta immediately post-fire, within areas
having scattered single residual live trees, or patches of <10 residual live trees
have bird communities that did not differ greatly from those found when no
large residual live trees were present (Hobson & Schieck 1999, Schieck &
Hobson 2000). Bird communities in these areas were dominated by species
that nest and forage in large snags. However, a few bird species that use both
large live and dead trees5 were present when there were scattered residual live
trees within the burned areas (Hobson & Schieck 1999, Hoyt 2000, Schieck &
Hobson 2000). When large residual patches of live trees were present,
however, the post-fire forest had a few additional bird species (e.g. Hermit
Thrush) that typically are associated with large trees and closed canopy stands
and other species (e.g. Yellow-bellied Sapsucker, Hairy Woodpecker, Threetoed Woodpeckers, Winter Wren) were at higher densities (Schieck & Hobson
2000).
Little research has been conducted in white spruce stands with residual live
trees following fire. The types of trees, snags and downed woody material,
and decay trajectories for snags and downed woody material are expected to
be different for these stands (see Chapter 5) and as such bird communities
post-fire may differ from those present after fire in aspen or mixedwood
stands. For example, Three-toed Woodpeckers are at higher abundance in
burned habitats if large live residual white spruce trees are present than if
these trees are absent (Hoyt 2000).
Cut Stands With Different Amounts and Patterns of Residual Live Trees

Cutblocks with live residual
trees can have open country
birds as well as species
associated with older forest
structures (large trees, snags).

Birds that are present in clearcut stands can also be present in cutblocks with
scattered residual trees (Norton & Hannon 1997, Steventon et al. 1998,
Hobson & Schieck 1999, Schieck et al. 2000, Lance & Phinney 2001, Tittler
et al. 2001, Schieck unpubl.). In addition, some birds that nest in large snags6,
in large live trees7 and in areas where there are both shrubs and large trees8
can be present immediately post-harvest when large trees and snags have been
retained (Dickson et al. 1983, Norton & Hannon 1997, Joy & van den
Driessche 1998, Merkens & Booth 1998, Steventon et al. 1998, Schieck et al.
2000, Hobson & Schieck 1999, Schieck 2000, Lance & Phinney 2001, Tittler
et al. 2001). These bird communities change somewhat between 0 and 10
5

Yellow-bellied Sapsucker, Hairy Woodpecker, Brown Creeper, Winter Wren, Yellow-rumped Warbler
Yellow-bellied Sapsucker/Red-breasted Sapsucker, Downy Woodpecker, Hairy Woodpecker, Blackbacked Woodpecker, Northern Flicker, Tree Swallow, Black-capped Chickadee, House Wren, Mountain
Bluebird
7
Gray Jay, Swainson’s Thrush, Yellow-rumped Warbler, Warbling Vireo, Philadelphia Vireo, Red-eyed
Vireo, Western Tanager, Rose-breasted Grosbeak, Pine Siskin
8
Western Wood Peewee, Least Flycatcher, Alder Flycatcher, American Robin, Yellow Warbler, American
Redstart, Mourning Warbler
6
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years post-harvest as new trees grow and shrubs regenerate in the harvest
areas, with species that nest and forage in shrubs and small trees9 becoming
more common by 3-years post harvest (Tittler et al. 2001).

Higher levels of retention in
harvested stands will increase
the number of forest bird
species found there.

Larger patches (>0.5 ha) of
large, live residual trees are
more effective for retaining
forest species in block than
smaller patches (<0.5 ha).

Not surprisingly, as higher densities of scattered trees and snags are retained
at harvest, birds associated with large trees and snags (see previous
paragraph) become more common, and conversely, birds associated with open
meadows and shrubs (see descriptions within Cut Stands Without Residual
Trees) became less common (Norton & Hannon 1997, Schieck et al. 2000,
Hobson & Schieck 1999). However, additional species that nest or forage in
association with large trees10 were present when 30-40% of the trees were
retained post-harvest (Norton & Hannon 1997). Thus, as found in other
geographic areas (Hansen et al. 1995b, Kirk et al. 1996, Steventon et al.
1998), many birds associated with large trees and snags have some plasticity
in their habitat use, and may be present in cutblocks that have sufficient
densities of large trees and snags. Changes in bird communities, as density of
residual trees increased, appeared to be due to continuous change in the
communities (some bird species appearing to have thresholds and other bird
species having gradual changes in density), rather than sudden changes for all
bird species at a threshold of residual tree density (Hansen et al. 1995b,
Schieck et al. 2000).
During the first few years post-harvest, bird communities in and near residual
patches smaller than 0.05 ha were dominated by sparrows and warblers that
are present in cutover areas (Schieck & Hobson 2000, Schieck unpubl.) (see
descriptions within Cut Stands Without Residual Trees). This probably
occurred because small residual patches were greatly influenced by the
surrounding cutblock. However, a few bird species that use large trees and
snags (e.g. Yellow-bellied Sapsucker, Yellow-rumped Warbler) were also
present at low densities in these small residual patches. As patch size
increased, bird communities became less dominated by open country species
and more dominated by forest species. Although, shrub and grassland birds
were still present in residual patches >0.5 ha, birds that nest or forage in large
trees and snags11 or that nest or forage in areas with shrubs intermixed with
large trees (e.g. Least Flycatcher, Yellow Warbler, American Redstart), had
higher densities than they had in smaller residual patches (Schieck & Hobson
2000, Schieck unpubl.). These larger residual patches have forest structures
(see Chapter 5) and microclimates (Chen et al. 1995) that are not present in
very small residual patches and tend to have additional bird species that are
not present in small patches (Schmiegelow et al. 1997, Schieck et al. 2000,
Schieck & Hobson 2000, Schieck unpubl.). In studies of residual patches of
0.5-25 ha from other geographical areas and forest types, most birds that nest
or forage in or near large trees and snags, or in forests with a combination of
large trees and shrubs, had at least low densities in large residual patches
within cutblocks (Cameron 1986, Gyug & Summers 1995, MacKenzie &
9
Alder Flycatcher, Yellow Warbler, Common Yellowthroat, Lincoln’s Sparrow, Clay-coloured Sparrow,
LeConte’s Sparrow
10
Red-breasted Nuthatch, Winter Wren, Swainson’s Thrush, Black-throated Green Warbler, Canada
Warbler, Western Tanager
11
American Kestrel, Yellow-bellied Sapsucker, Downy Woodpecker, Hairy Woodpecker, Red-breasted
Nuthatch, Brown Creeper, Red-eyed Vireo, Yellow-rumped Warbler
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Steventon 1996, Gyug 1997, Seip & Parker 1997, Joy & van den Driessche
1998, Merrill et al. 1998). Similar to that found in boreal mixedwood forests,
most of these forest birds did not use cutover areas outside the residual
patches (Schieck unpublished data). Within mixed deciduous and coniferous
forests of eastern Canada, residual patches were more likely to have cavity
nests if trees were >20 cm dbh (Cameron 1986).
Cutblocks with low levels of
retention (1%) tend to be
dominated by open country
birds.

Some of the forest birds in
residual patches may have low
reproductive success, and
residual patches may act as
population sinks.

Most snag-dependent birds are
not observed in cutblocks with
retained snags.

ALBERTA RESEARCH COUNCIL

Within the cut areas around the residual tree patches, bird communities were
dominated by species commonly found in open areas (MacKenzie &
Steventon 1996, Merrill et al. 1998, Schieck 2000, Schieck & Hobson 2000).
Thus, with only 1% (range of 0-20%) of the live trees retained at harvest, as is
typical for structured cutblocks in Alberta, most of the area within cutblocks
has bird communities typical of cutover areas. Therefore, with low retention
levels, there is very little difference, at the cutblock scale, between bird
communities in cutblocks with few large versus many small residual patches
(Schieck unpubl.). Retaining large patches in cutblocks, however, results in
more site-to-site variation in bird communities within blocks (MacKenzie &
Steventon 1996, Schieck unpubl.).
Even when 30-45% of the large trees that were present prior to harvest were
retained in cutblocks, those cutblocks did not incorporate all bird species that
were present in old forest, and many bird species that use large trees and
snags were at very low densities relative to forested areas (Hansen et al.
1995b, Norton & Hannon 1997, Steventon et al. 1998, Tittler et al. 2001).
Tittler et al. (2001) caution that singing males recorded in residual patches
may have been unmated males, males without territories, or birds with
territories in adjacent continuous forest simply using the patches as songposts.
They note that these phenomena have been documented in suboptimal
habitats in other studies (Gibbs & Faaborg 1990, Van Horn et al. 1995,
Lambert 1998). Possibly, some of the forest birds in residual patches may
have low reproductive success, and residual patches may act as population
sinks. However, predation rates on artificial nests did not differ significantly
between stands with retention that varied from 10-414 trees/ha (Tittler &
Hannon 2000). Again, these results should be treated as preliminary because
artificial nest experiments do not measure the impacts of nestlings
depredation from raptors that may also use residual patches (McCallum &
Hannon 2001).
Within cutblocks where scattered snags were retained, some of the bird
species that nest or forage on large snags had low densities, but most snag
dependent birds were not observed (Gyug & Summers 1995, Hobson &
Schieck 1999). Many birds are associated with specific types of snags in
natural forests (Schmiegelow 1997), and the types of snags retained within
cutblocks may affect their use by birds. The effect of snag type, however, has
not been evaluated for cutblocks within boreal forests. In other forest types
and geographic areas (Dickson et al. 1983, Bennett 1992, Lambert 1992,
Gyug & Summers 1995, Hansen et al. 1995b, Taylor & Haseler 1995,
Annand & Thompson 1997, Gyug 1997) retaining stubs in cutblocks has
resulted in those cutblocks being used by a few bird species (most notably
cavity nesting species) that otherwise would not have been present. However,
bird communities in “stub-retention” treatments did not differ greatly from
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those in typical clearcut blocks. In addition, for some species stubs may have
been used for foraging only and these may not have been used without old
forest close by (Gyug & Summers 1995, Gyug 1997).

There are no conclusive links
between downed woody material
and bird communities.

Similar responses to retention
are observed in other forest
types and geographic areas.

Effect of tree size and species
in retention patches has
received little study.

There is no conclusive evidence that variation in bird communities is related
to variation in amounts of downed woody material in cutblocks. Although
relationships between bird density and amount of downed woody material are
present (Schieck et al. 1995, Hobson & Schieck 1999), those relationships are
weaker than relationships with live canopy trees and ground vegetation, and
the relationships are confounded because amount of downed woody material
is correlated with other vegetation characteristics in cutblocks.
In cutblocks in other forest types and other geographic areas, (western
hemlock/Douglas fir forests in Oregon: Hansen et al. 1995b; in British
Columbia: Beese & Bryant 1999; mixed oak-pine forests of Missouri: Annand
& Thompson 1997) gradients in bird communities were noted as density of
residual trees changed. Generally, bird communities in cut stands with tree
retention are more diverse than those communities in clearcut stands (Webb et
al. 1977, Szaro & Balda 1979, Freedman et al. 1981, Merrill et al. 1998), but
this also varies with tree composition and geographic area. In Oregon small
patch selection logging was most effective for retaining forest-dependent
songbird species, whereas dispersed retention resulted in bird communities
that were largely undifferentiated from clearcut blocks (Chambers et al.
1999).
There is little study about how bird communities are affected when different
tree species, or different tree sizes, are retained in cutblocks. Large diameter
scattered residual trees in cutblocks incorporated more birds that nest and
forage in large trees than did small diameter residuals within hemlock/fir
forests in Oregon (Hansen et al. 1995b). Following aspen harvest in Alberta,
residual trees were usually large aspen or balsam poplar, although a few
residual white spruce were present in one study (Schieck et al. 2000). In this
study, variation in bird communities was more closely related to variation in
the density of large deciduous trees than to variation in density of large
coniferous trees (Schieck et al. 2000), but differences among tree types were
difficult to evaluate because density of large deciduous trees and large white
spruce trees were highly correlated. Within Alberta, the consequence of
retaining trees following white spruce harvest has not been studied for birds.
Comparison Between Burned and Harvested Stands

Bird communities differ
greatly in species and density
between early post-fire and
early post-harvest stands.

As a direct reflection of differences in vegetation post-fire versus post harvest,
bird communities immediately post-fire differed greatly from those present
immediately post harvest. Immediately post-fire, bird communities were
dominated by species that nest and/or forage in large snags12 (Hobson &
Schieck 1999, Schieck & Hobson 2000, Stepnisky & Schmiegelow unpubl.,
Stambaugh & Schmiegelow unpubl.). Two species, Black-backed and Threetoed Woodpeckers, known to be strongly associated with young post-fire
12
Black-backed Woodpecker, Three-toed Woodpecker, Hairy Woodpecker, Downy Woodpecker, House
Wren, Brown Creeper, Winter Wren, American Kestrel
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forests (Bock & Bock 1974, Short 1982, Hutto 1995, Murphy & Lehnhausen
1998, Hobson & Schieck 1999, Hoyt 2000) reach high densities in post-fire
habitats and have only low densities in other habitat types. In contrast,
immediately post-harvest, bird communities were dominated by sparrows and
warblers that typically live in grass, shrubby, and parkland habitats13
(Westworth et al. 1984, Westworth & Telfer 1993, Pojar 1995, Kirk et al.
1996, Norton & Hannon 1997, Merkens & Booth 1998, Song 1998, Steventon
et al. 1998, Hobson & Schieck 1999, Schieck et al. 2000, Schieck & Hobson
2000, Schieck unpubl., Lance & Phinney 2001, Tittler et al. 2001). Cutblocks
dominated by grass, herbs, shrubs, and regenerating trees that were usually
less than 1-m tall created suitable habitat for these species. Similarly, within
other north-temperate forests, post-harvest bird communities were dominated
by species that typically are associated with open or shrubby habitats (e.g.
Welsh 1987, McGarigal & McComb 1995).

Higher shrub densities in postfire stands in Minnesota
increased similarity of stands
post-disturbance.

Salvage logging of standing
dead and live trees in burned
forests has a strong negative
effect on bird communities.

A different pattern was found in sub-boreal forests in Minnesota (Schulte &
Niemi 1998). There, many parkland sparrows and warblers were observed at
higher densities post-fire than they were post-harvest. In this forest system,
however, aspen stands were harvested, but high densities of live trees,
especially red maple (Acer rubrum), were left in the blocks. Densities of these
trees were much higher than in post-fire stands. Schulte and Niemi (1998)
attribute their results to the presence of these residual trees.
The relative uniqueness of early post-fire communities is linked to the unique
set of structure and ecological dynamics, especially bark beetle infestations,
occurring here. Salvage logging of standing dead and live trees in burned
forests has a strong negative effect on bird communities (Stepnisky &
Schmiegelow unpubl., Stambaugh & Schmiegelow unpubl.). Densities of
Three-toed Woodpeckers, Black-backed Woodpeckers, Downy Woodpeckers
and Hairy Woodpeckers are greatest in the year immediately post-fire,
compared with unburned forests and salvage logged burns (Stepnisky &
Schmiegelow unpubl.). These species probably are at high densities because
the boring and bark beetle that they feed on are at high densities in burned,
dead trees immediately post-fire (Hoyt 2000, Stepnisky & Schmiegelow
unpubl.). Secondary cavity nesters also benefit from the habitat created by
these Picoides woodpeckers. House Wrens, American Kestrels and Brown
Creepers were at high densities in burned forests than in unburned forests and
salvage logged burns (Stepnisky & Schmiegelow unpubl., Hannah in press).
Songbird densities were significantly lower in salvage logged areas in the 2
years immediately post-harvest than in unburned or burned forests
(Stambaugh & Schmiegelow unpubl.). Preliminary analysis of nesting data
suggests that more nests of primary, weak primary and secondary cavity
nesting species were found within burned areas than in unburned and salvage
logged, burned forests (Stambaugh & Schmiegelow unpubl.).
Retention of live trees within post-fire and post-harvest habitats increases the
similarity of bird communities between these disturbance types, with degree
of similarity positively related to percentage of trees retained. The presence of
13
Common Yellowthroat, Chipping Sparrow, Clay-coloured Sparrow, Savannah Sparrow, LeConte’s
Sparrow, Song Sparrow, Lincoln’s Sparrow, White-throated Sparrow, White-crowned Sparrow, Dark-eyed
Junco, Rusty Blackbird, and American Goldfinch
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Retention of live trees within
post-fire and post-harvest
habitats increases the
similarity of bird communities
between these disturbance
types.

Retention of pre-harvest trees
and structure cannot replace
habitat created in early postfire stands.

residuals tends to increase the presence of forest species within the block; we
do not have reproductive information on the quality of these residuals for
maintaining songbirds. Within both post-fire and post-harvest habitats, small
residual patches of live trees had little effect on the bird communities within
and around them and bird communities differed greatly between post-fire and
post harvest sites (Schieck & Hobson 2000). However, when residual tree
patches greater than 0.5 ha were present, bird communities in post-fire and
post-harvest stands were more similar. Within and near these moderate-sized
residual tree patches, many species typically associated with large trees and
snags (e.g. Downy Woodpecker, Hairy Woodpecker, Brown Creeper, Yellowrumped Warbler) were present (Schieck & Hobson 2000). Thus, there are
natural analogues to justify the retention of large residual patches in harvest
areas because large patches have similar bird communities post-fire and postharvest. However, larger residual patches also had birds that are common
outside the patches (Schieck & Hobson 2000). Creation of residual tree
patches on cutblocks of >10 trees/ha has also been suggested by others (Tittler
et al. 2001), but this would be only to maintain some old forest biota within
the cutblock as a potential lifeboat (see also below) and not to the exclusion of
older forest reserves elsewhere on the landscape.
Although it may be possible to retain 15-40% of the trees as live residuals
post-harvest so that these cutblocks have similar densities of residual as found
post-fire (Smyth et al. subm., Chapter 13), it will not be possible to modify
harvest practices to produce areas that have as many snags, and the associated
wood-boring insect prey, as found post-fire. Thus, most cutblocks will not
resemble post-fire areas, and birds that require abundant large snags for
nesting or foraging will be a management concern within harvest blocks
(Raphael & White 1984, Raphael et al. 1987, Hutto 1995, Hobson & Schieck
1999, Schieck & Hobson 2000, Hoyt 2000, Stepnisky & Schmiegelow
unpubl.). Even if some fires are allowed to burn through cutblocks, those
post-fire habitats may not resemble post-fire habitats that occurred historically
because the mean age of the forest will be less than rotation age in managed
stands, whereas some stands are older and have larger trees in natural
landscapes. In addition, as detailed above, salvage logging following these
burns will greatly reduce the quality of these habitats. Thus, management
strategies to maintain post-fire habitats that are similar to natural post-fire
habitats, and that are spared from salvage logging, are needed (Hutto 1995,
Murphy & Lehnhausen 1998, Hobson & Schieck 1999, Schieck & Hobson
2000, Hoyt 2000). Implementation will be a major challenge for forest
managers.
Old-Growth Characteristics of Harvested Stands

Bird communities in clearcuts
are dominated by open country
species. Even high retention
levels do not shift community
dominance towards forest
species.

ALBERTA RESEARCH COUNCIL

Clearcut stands with no retained trees have few bird species that nest, forage,
or live in aspen forests >75 years old (Westworth et al. 1984, Westworth and
& Telfer 1993, Pojar 1995, Kirk et al. 1996, Machtans et al. 1996, Norton &
Hannon 1997, Merkens & Booth 1998, Song 1998, Steventon et al. 1998,
Hobson & Schieck 1999, Schieck et al. 2000, Schieck & Hobson 2000,
Schieck unpubl., Lance & Phinney 2001, Tittler et al. 2001). There was a
positive relationship between the density of trees retained at harvest and the
similarity between bird communities in structured blocks and old mixedwood
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forest areas (Norton & Hannon 1997, Schieck et al. 2000, Tittler et al. 2001).
However, even when 40% of the trees were retained scattered throughout the
cutblock, bird communities post-harvest were dominated by species that
typically are present in grass and shrub areas, with species that use large trees
and snags present at only low densities. Similar patterns have been found
within in a variety of other forest types in North America (Dickson et al.
1983, Lambert 1992, Hansen et al. 1995ab, MacKenzie & Steventon 1996,
Annand & Thompson 1997, Steventon et al. 1998) and in Tasmania (Taylor
& Haseler 1995).

Aggregating residual trees
rather than leaving them as
single trees can be more
effective for retaining old
forest species in block.

Aggregating residual trees, especially in patches >0.5 ha, resulted in bird
communities in and near those patches that were more similar to bird
communities in old forest than if trees had been retained as scattered
individuals (Schieck et al. 2000). In addition, within the mixedwood boreal
forest in central Alberta, patches with >100 residual trees had bird
communities that were more similar to old forest than did patches with ≤10
residual trees (Schieck & Hobson 2000). In the same region and forest type,
bird communities within residual patches 1 and 10 ha, but not bird
communities in 40 ha patches, differed from those found in 100 ha areas of
old forest (Schmiegelow et al. 1997). In aspen-dominated forests in western
Alberta, a gradient of bird communities was found from those in harvest areas
with no residual trees, to those in and near harvest areas with residual patches
20, 40, and 80 m in diameter, to those in continuous old forest (Schieck
2000). Gradients in bird communities that are associated with gradients in size
of residual patches probably were due to external environmental conditions
(Chen et al. 1995) and biota (DellaSala & Rabe 1987, Laurance 1991,
Saunders et al. 1991, Brothers & Spingarn 1992) not penetrating to the centre
of larger patches.
Similar patterns were found in other geographic areas. In aspen-dominated
forests in Minnesota, all of the bird species that were present at the edge of
large continuous forests were also present in patches of 0.8 ha in cutblocks
(Merrill et al. 1998). In coniferous forests in central British Columbia,
Canada, most of the bird species that were present in continuous old forests
also were present in patches of 0.5-14.0 ha that had become isolated during a
fire or by harvest (Seip & Parker 1997).

Small cutblocks with low levels
of tree retention can strain the
potential for large residual
patches.

ALBERTA RESEARCH COUNCIL

The relatively small cutblock sizes, coupled with the low levels of tree
retention, that are commonly observed in harvest operations in North America
greatly constrain the potential to retain large residual patches in cutblocks. For
example, a 30 ha cutblock with 1% retention can only create a residual patch
of 0.3 ha. These small residual patches never have bird communities that are
similar to those in old forest. Many of the bird species associated with large
trees were absent, or at low densities in these small residual patches, and some
open country bird species were present (Schieck & Hobson 2000, Schieck
unpubl.). To have residual patches with bird communities that are similar to
those found in unharvested forest it may be necessary have larger residual
patches. This can only be accomplished by i) retaining larger amounts of
residual trees at harvest, ii) amalgamating retention from either larger or more
cutblocks, or iii) managing leave areas between cutblocks as reserves
excluded from harvesting.
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There was abundant variability
in bird communities between
patches that were the same
size, and among studies.

Although patterns were present, there was abundant variability in bird
communities between patches that were the same size, and among studies.
Those differences may have been due to the types of residual that was present.
For example, bird communities present post-harvest may differ between
forests of aspen, white spruce, balsam poplar or any combination of these,
simply because different types and mixtures of residual trees will be retained.
These differences however, are difficult to evaluate rigorously within
descriptive studies due to colinearity among variables. Within an
experimental study Schieck (unpubl.), created residual patches in a systematic
pattern throughout a cutblock and bird communities within these residual
patches were related to the type of residual within the patches and the amount
of non-merchantable vegetation retained within the block. At the block level,
retaining residual trees in association with non-target vegetation at edge of the
block had greater influence on bird communities than retaining large patches
(Schieck unpubl.), probably because birds also use the adjacent intact forest.
Given that many bird species had higher densities in old forest than they had
in structured cut-blocks, even when large patches or >100 large trees per ha
had been retained, these structured blocks may be low quality habitat for
forest birds (Hansen et al. 1991, Lindenmayer & Franklin 1997, Schieck et al.
2000, Schieck & Hobson 2000). Thus, managers should not rely on residual
trees within cutblocks as the only source of old forest habitat within
landscapes.
ESTABLISHMENT STAGE: 11-25 YEARS POST DISTURBANCE
Parallel Successional Development between Fires and Logging
Burned Stands Without Residual Live Trees
Within mixedwood boreal forests most snags fall within 20 years of dying
(Lee 1998). That results in the initial high densities of large snags that were
created by the fire decreasing rapidly 10-25 years post-fire (see Chapter 5). In
addition, new trees and shrubs grow within the burned areas, and by 20-years
post-fire those new trees are approximately 10 m tall with a closed canopy
(see Chapter 8).

During establishment stage,
densities of open country birds
and some cavity-nesting birds
decrease and densities of
species associated with shrubs
and young trees increase in
stands 11-25 y post-wildfire.
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Changes in vegetation are paralleled by changes in bird communities. In
burned areas that had no live residual trees, Black-backed and Three-toed
Woodpeckers disappeared by 15 years post-fire (Hobson & Schieck 1999,
Hoyt 2000). However, American Kestral, Northern Flicker, Tree Swallow,
and Mountain Bluebird remained at high densities to at least 15 years post fire
(Schieck et al. 1995, Hobson & Schieck 1999). A few birds that nest and
forage in open areas (e.g. Lincoln’s Sparrow, Dark-eyed Junco) had moderate
density 15 years-post-fire, after most of the post-fire snags had fallen and
while regenerating trees were small (Hobson & Schieck 1999, but see
Westworth et al. 1984). However, by 30 years post-fire these open country
bird species had much lower density than they had during earlier seral stages
(Westworth et al. 1984, Schieck et al. 1995, Hobson & Schieck 1999). Many
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bird species that nest and forage in young forests with shrubs and small trees14
had high densities in stands by 25-30 years post-fire (Erskine 1977, Francis &
Lumbis 1979, Westworth et al. 1984, Hobson 1994, Schieck et al. 1995,
Hobson & Schieck 1999), with some of these species were present at high
density by 15 years post-fire (Westworth et al. 1984, Hobson & Schieck
1999).
Similarly, in 16 year old white spruce burned stands that were dominated by
small spruce trees, species associated with shrubby habitats were found15 as
well as those more associated with spruce (Magnolia Warbler, Swainson's
Thrush, Yellow-rumped Warbler; Verbisky & Sykes 1999).
Cut Stands Without Residual Trees (Clearcuts)

Similarly, densities of open
country birds decrease and
densities of spp. associated
with shrubs and young trees
increase in stands 11-25 y postharvest.

Similar patterns are found in
other types of boreal and subboreal forests in North
America.

During the period between 11 and 25 years after harvest of deciduous and
mixedwood boreal forests of western North America, birds typically
associated with riparian, grassland, and meadow habitats16 decreased in
density, and birds that nest and forage in shrubs and small trees17 increased in
density (Pojar 1995, Hobson & Schieck 1999, Schieck & Hobson 2000). A
few other species (e.g. Song Sparrow, Chipping Sparrow, Dark-eyed Junco),
that had been common immediately post-harvest, remained common 11-25
years post-harvest (Pojar 1995, Hobson & Schieck 1999, Schieck & Hobson
2000). In addition, a few bird species that were common in many ages of
deciduous forest (e.g. Black-capped Chickadee, White-throated Sparrow)
become common between 11 and 25 years post-harvest (Hobson & Schieck
1999, Schieck & Hobson 2000). Many of the changes in bird communities
throughout this period occurred by 15 years post-harvest, with bird
communities differing little between 15 and 30 years post-harvest (Hobson &
Schieck 1999, Schieck & Hobson 2000). However, a few species (e.g. Redeyed Vireo, Ovenbird) did not became common until the new cohort of trees
were approximately 25 years old, and a few other species (e.g. Common
Yellowthroat, Lincoln’s Sparrow) became rare in stands 25 years post-harvest
(Hobson & Schieck 1999, Schieck & Hobson 2000).
Similar patterns have been found following deciduous harvest in other types
of boreal and sub-boreal forest in North America. Bird communities present
11-15 years after deciduous (maple/birch) harvest in Nova Scotia, were
dominated by the same species as found following aspen and mixedwood
harvest in western Canada (Morgan & Freedman 1986). However, a few
additional species (e.g. Black-throated Blue Warbler, Northern Parula) that do
not live in western Canada were present in these eastern forests, and one
species that is associated with large coniferous trees in western Canada
(Black-throated Green Warbler) was abundant 11-15 years after deciduous
harvest in Nova Scotia (Morgan & Freedman 1986).
14
Ruffed Grouse, Alder Flycatcher, Black-capped Chickadee, American Robin, Red-eyed Vireo, Ovenbird,
Mourning Warbler, Connecticut Warbler, White-throated Sparrow
15
Orange-crowned Warbler, Alder Flycatcher, Dark-eyed Junco, White-throated Sparrow, Chipping
Sparrow
16
Solitary Sandpiper, Common Snipe, Clay-coloured Sparrow, Savannah Sparrow, LeConte’s Sparrow,
Lincoln’s Sparrow, White-crowned Sparrow
17
Alder Flycatcher, American Robin, Cedar Waxwing, Tennessee Warbler, Orange-crowned Warbler,
Connecticut Warbler, Mourning Warbler
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In conifer stands, 11-25 y postharvest, bird communities
responded similarly to those in
deciduous stands; however
additional species associated
with small and large conifer
trees were also present.

The above results were from surveys of cutblocks that had been dominated by
deciduous trees, or a mix of deciduous and coniferous trees, prior to harvest.
Sixteen years post-harvest of white spruce stands, blocks were dominated by
small aspen trees (85% < 12.5 cm DBH), and common species18 (Verbisky &
Sykes 1999). By 10-20 years after harvest of spruce-pine forests in Maine,
many of the bird species19 that were common 10-20 years after deciduous
harvest in western Canada were also common in here (Hagan et al. 1997).
Additional species that nest and forage in young coniferous trees20, and some
species that nest and forage in large coniferous trees (e.g. Red-breasted
Nuthatch, Winter Wren, Swainson’s Thrush, Blue-headed Vireo, Yellowrumped Warbler) were also common 10-20 years post-harvest in these
coniferous cutblocks in Maine (Hagan et al. 1997).
Burned Stands With Different Amounts and Patterns of Residual Live Trees

Bird communities within 11-25 y
burned areas that had large
patches of live residual trees
contained more spp and higher
densities of birds associated with
large trees.

During the period between 11 and 25 years post-fire virtually all of the birds
found in areas with no residual live trees (see above) were also found in
burned areas that contained some single live trees, or small residual patches of
live trees (Schieck & Hobson 2000, Schieck unpubl.). However, additional
bird species were also present when residual large live trees were present
post-fire. Three woodpecker species (Yellow-bellied Sapsucker, Downy
Woodpecker, Hairy Woodpecker) and some additional cavity nesting species
(e.g. Black-capped Chickadee, Red-breasted Nuthatch) were present at low
densities when there were some large residual live trees (Westworth et al.
1984, Hobson & Schieck 1999, Schieck & Hobson 2000, Schieck unpubl.).
However, two woodpecker species (Black-backed Woodpecker and Threetoed Woodpecker) were absent during this period even when large live
residual trees were present (Hobson & Schieck 1999, Hoyt 2000). In addition,
species that are associated with large trees, or in areas with both shrubs and
large trees21 were present at low densities 11-25 years post-fire when scattered
residual live trees were present in the burned area (Westworth et al. 1984,
Hobson & Schieck 1999, Schieck & Hobson 2000).
Bird communities within burned areas that had large patches of residual live
trees contained more species, and higher densities of individuals that nest and
forage in large live and dead trees22 than did bird communities in burned
forest having only small residual patches of live trees (Schieck & Hobson
2000).

18
White-throated sparrow, Tennessee Warbler, Swainson's Thrush, Alder Flycatcher, Red-eyed Vireo,
Black-and-White Warbler, Chipping Sparrow and Magnolia Warbler
19
Northern Flicker, Alder Flycatcher, Black-capped Chickadee, Veery, Hermit Thrush, American Robin,
Cedar Waxwing, Red-eyed Vireo, Black-and-white Warbler, American Redstart, Common Yellowthroat,
Canada Warbler, Chipping Sparrow, Song Sparrow, Lincoln’s Sparrow, White-throated Sparrow
20
Yellow-bellied Flycatcher, Magnolia Warbler, Chestnut-sided Warbler, Palm Warbler, Nashville
Warbler, Wilson’s Warbler, Dark-eyed Junco
21
Least Flycatcher, Tennessee Warbler, Mourning Warbler, Red-eyed Vireo, Warbling Vireo, Yellow
Warbler, Black-and-white Warbler, American Redstart
22
Yellow-bellied Sapsucker, Downy Woodpecker, Hairy Woodpecker, Red-breasted Nuthatch, Brown
Creeper, Golden-crowned Kinglet, Ruby-crowned Kinglet, Swainson’s Thrush, Magnolia Warbler, Yellowrumped Warbler, Black-throated Green Warbler, Western Tanager
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Cut Stands With Different Amounts and Patterns of Residual Live Trees

Stands 11-25 y post-harvest
with residual live trees have
bird communities similar to
those stands without residuals;
however they also have spp
associated with large trees and
shrub understorey. Some spp
associated with snags
disappear in this stage.

Data are lacking for spruce
stands with residual live trees.

During the period 11-25 years
post-harvest, both scattered
residual trees and small
patches of residual trees
provide only a few large trees
as resources for birds.

Between 11 and 25 years post-harvest, all of the bird species that are present
following clearcut harvest (see cutblocks without residual trees) were also
present in blocks with scattered residual trees. Similar to that found for the
period 0-10 years post-harvest, bird communities in cutblocks with scattered
residual live trees also had low to very low densities of species that are
typically associated with large trees and snags (e.g. Yellow-bellied Sapsucker,
Hairy Woodpecker, Black-capped Chickadees, Red-breasted Nuthatch;
Hobson & Schieck 1999, Schieck & Hobson 2000). These bird species that
nest and/or forage in large trees are expected to have higher density as the
density of scattered residual trees increases, but that has not been evaluated
within any study for the period between 15-30 years post-harvest. In addition,
species that are associated with forests with large trees and a shrub
understorey (e.g. Ruffed Grouse, Least Flycatcher, Yellow Warbler, Blackand-white Warbler, American Redstart, Canada Warbler) were present
between 15 and 30 years post-harvest in cutblocks with scattered residual
trees (Lance & Phinney 2001, Hobson & Schieck 1999, Schieck & Hobson
2000, Schieck unpubl.). Three bird species that commonly nest in snags in
cutblocks immediately post-harvest (Northern Flicker, Tree Swallow,
Mountain Bluebird), however, were rare or absent during the period 11-25
years post-harvest even though many large snags remained at that time
(Hobson & Schieck 1999, Schieck & Hobson 2000, Lance & Phinney 2001).
Reductions in density for these three cavity nesting species is probably due to
few open areas remaining for foraging.
The above results were from surveys of cutblocks that had been dominated by
aspen, or a mix of aspen and white spruce, prior to harvest. No white spruce
cutblocks with residual trees have been surveyed for birds in western Canada.
However, 10-20 years after harvest in spruce/pine forests in Maine, cutblocks
with scattered residual trees had many of the same bird species that were
common following clearcut harvest (Hagan et al. 1997). In addition, some
species that nest and forage in areas with large deciduous and coniferous
trees23 were also common in coniferous cutblocks having large residual trees
10-20 years post-harvest (Hagan et al. 1997).
When small patches of residual trees were excluded from harvest, by 11-25
years post-harvest, the bird communities in and near those patches were
similar to the bird communities found in cutblocks with scattered residual
trees (Schieck & Hobson 2000). These communities included birds that were
common in cutover areas 11-25 years post-harvest (see above), birds that
were associated with forest with large trees and a developed shrub
understorey (see above), and low densities of birds that were associated with
large trees and snags (see above, Schieck & Hobson 2000). Similarities in
bird communities between cutblocks with small residual patches and
cutblocks with scattered residual trees is understandable, because habitats
within small residual patches are greatly influenced by wind and insolation
condition in the surrounding cutover, and the understorey vegetation in small
23

Yellow-bellied Sapsucker, Black-capped Chickadee, Black-throated Blue Warbler, Black-throated Green
Warbler, Blackburnian Warbler, Ovenbird
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residual patches is similar to the vegetation surrounding the patch (see
Chapter 6). In addition, during the period 11-25 years post-harvest, both
scattered residual trees and small patches of residual trees provide only a few
large trees as resources for birds.

In 11-25 y post-harvest stands,
larger patches of residual trees
are more effective for retaining
species associated with large
trees in cutblocks…

…however, differences
between large and small
patches by 15 y post-harvest
were not as great as those
found 2 y post-harvest.

As found during 0-10 years post-harvest, residual patches >0.5 ha had
additional bird species that were not present in small residual patches
(Schieck & Hobson 2000). As patch size increased, bird communities
changed from those dominated by birds typically found in the young
regenerating cutover areas (see description above), to those dominated by
birds that are associated with large trees and snags (e.g. Yellow-bellied
Sapsucker, Hairy Woodpecker, Red-breasted Nuthatch, Pine Siskin), and
birds typically associated with closed canopy forests (e.g. Swainson’s Thrush,
Yellow-rumped Warbler, Black-throated Green Warbler). There did not
appear to be a threshold patch size to this change, but rather a gradual
accumulation of additional bird species as patch size increased (Schieck &
Hobson 2000). Within cutover areas around residual patches, bird
communities were dominated by birds that are typically found in young
forest. Thus, with retention rates of 1-5% in cutblocks, a large proportion of
the cutblock will have bird communities that are typical of young forest.
Although a few species that nest or forage in large trees or shrubs will be
present in and near residual tree patches.
Differences between large and small patches by 15 years post-harvest were
not as great as those found 2 years post-harvest (Schieck & Hobson 2000).
Partial convergence of the bird community between small and large patches
was due to bird communities from all patch sizes having species typical of
young forest by 11-25 years post-harvest. However, forest structures and
microhabitats within small and large residual patches also may have
converged during this period as the new trees grew in the cutover and
modified the environmental characteristics around the patches.
The above results are for residual patches within deciduous or mixedwood
cutblocks. For birds, the consequences of retaining patches following white
spruce harvest has not been evaluated 11-25 years post-harvest in boreal
forests of North America. However, in spruce/fir forests in central British
Columbia, many of the birds that nest or forage in large trees or snags also
were present in 0.5-10 ha patches 20-40 years post-harvest (Seip & Parker
1997).

No studies on different species
of tree retention on bird
communities.
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There are no studies evaluating the consequences to birds of retaining
different types of residual trees for the period 11-25 years post-harvest.
Residual trees that remain standing post-harvest (e.g. larger trees and aspen
trees; see Chapter 8) are expected to have larger effects on bird communities
than do trees that die or fall because many bird species require large standing
trees. In addition, residual aspen and white spruce trees are expected to have
larger effects on bird communities because these trees are used preferentially
by many bird species. Finally, trees that have extensive centre-rot, or that
develop it by 11-25 years post harvest, and have capacity for cavity
formation, are expected to have greater effect on cavity nesters than do
standing trees with little decay.
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Comparison Between Burned and Harvested Stands

Initially large differences
between bird communities
post-fire and post-harvest
diminish through time.

The large initial differences between bird communities post-fire versus postharvest, diminished greatly by 15 years post-disturbance, and diminished even
further by 30 years post-disturbance (Schieck & Hobson 2000). Although
cause and effect are difficult to determine from correlative studies (Eberhardt
& Thomas 1991), increasing convergence of bird communities between these
two disturbance types probably occurs due to convergence of vegetation
within the stands, particularly structural characteristics such as trees and
shrubs that affect vertical heterogeneity. Many of the large snags that were
created by the fire fall by 25 years post-fire. In addition, post-harvest stands
gain large snags over time as some of the standing residual trees die. Thus, by
25 years post-disturbance, there was somewhat similar densities of snags
following both types of disturbance (see Chapter 5). In addition, over time
there was convergence in the shrubs and new trees between post-fire and postharvest stands. Following both disturbance types, new trees were 5-10 m tall
and have a closed canopy by 25 years post-disturbance (see Chapter 8). Postharvest stands, however, had a more rapid shrub regeneration than post-fire
stands, and that shrub density was maintained compared to post-fire stands
even after 25 years (see Chapter 6).
Concomitant with that convergence in vegetation structure, bird communities
in post-fire and post-harvest stands also converged over time. Much of that
convergence was due to changes within the post-fire bird community because
in post-harvest stands, bird communities were reasonably similar between
forests 11 and 25 years old. In post-fire stands birds associated with large
snags (see description above) tend to decrease in density between 11 and 25
years as snags fell. With the growth of the young trees between 11 and 25
years after both fire and harvest, it was not surprising that bird communities in
both of these habitats became dominated by species that are typical of young
forest by 25 years post-disturbance (see description above). However, when
residual patches of live trees were present following either disturbance type,
some birds that typically are associated with old forest were present at low
density.

The absence of complete
convergence may be due to a
variety of possible structural
differences in stands.

The absence of complete convergence in bird communities between 25 year
old post-fire versus 25 year post-harvest stands may be related to differences
between disturbance of shrubs, differences in the amount of herbaceous cover,
or differences in the abundance of large live residual canopy trees post-fire
versus post-harvest. Unfortunately, detailed habitat requirements of most
boreal forest birds are poorly known; therefore it is not clear which habitat
features caused differences (in bird communities) between disturbance types.
As habitat needs of bird species become better understood, it may be possible
to create 25 year-old post-harvest stands that have bird communities very
similar to those in 25 year-old post-fire.
Old-Growth Characteristics of Harvested Stands
Bird communities 11-25 years after clearcut harvest differed greatly from bird
communities in old deciduous and mixedwood forests (Pojar 1995, Hobson &
Schieck 1999, Schieck & Hobson 2000, Lance & Phinney 2001). Within
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Bird communities 11-25 years
after clearcut harvest differed
greatly from bird communities
in old deciduous and
mixedwood forests.

Bird communities in residual
patches 15 and 30 y postdisturbance were more similar
to bird communities from old
forest than were bird
communities from residual
patches within the first 10
years post-disturbance.

cutblocks where residual patches of live trees had been retained at harvest,
bird communities were more similar to those in old forest – many bird species
that were common in old forest, and virtually all of the bird species that were
common in 15 and 30 year old cutblocks, had at least low density within
residual patches of live trees 15 and 30 years after harvest (Schieck & Hobson
2000, see descriptions above). Not surprisingly, similarities were greater
within and near residual patches of 1-3 ha than around scattered residual trees
or within small residual patches (Schieck & Hobson 2000). Although
untested, it may be necessary to have residual patches that are greater than 10
ha before bird communities in 25 year-old residual patches are similar to
those found in old forest. However, it will be difficult to create residual
patches >10 ha in cutblocks of 20-60 ha unless >10% of the trees are retained
in these patches. Forest managers may need to create residual patches in
association with riparian buffers and non-target vegetation at edge of the
block to have larger effective patch sizes and thus have greater effect on bird
communities.
Bird communities in residual patches 15 and 30 years post-disturbance were
more similar to bird communities from old forest than were bird communities
from residual patches within the first 10 years post-disturbance. However, few
of the bird species (e.g. Ruby-crowned Kinglet, Swainson’s Thrush, Blackthroated Green Warbler, Chipping Sparrow) that were common in old forest,
were absent or had lower densities within and near residual patches even 15
and 30 years post-disturbance (Schieck & Hobson 2000).
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE
Parallel Successional Development Between Fires and Logging
Burned Stands Without Residual Live Trees

Outline of structural of stands
26-75 years post-fire.

Most of the fire-killed trees that were standing 26 years post-fire fall by 75
years post-fire with the result that large snags are relatively scarce in these
mature forests (see Chapter 5). Many new snags are created by self-thinning
of trees that grew following the fire, but these snags are relatively small (see
Chapter 5). Large downed logs were abundant during the early portion of this
period as a result of the fire-killed trees falling during the first 30 years postfire (see Chapter 5). To a large degree, however, these large downed logs are
incorporated into the litter layer by 50 years post-fire, resulting in 50-75 yearold stands that primarily have only small downed logs.
Throughout the period 26-75 years post-fire, new trees grew to >20 m tall.
Forests are characterised by trees that are healthy, do not have large boles and
little centre rot (Peterson & Peterson 1992). In addition, the canopy was
reasonably complete and shaded the forest floor (see Chapter 8). Thus, during
the period between 26-75 years post-fire, bird communities are manly
influenced by the new cohort of healthy trees and to a lesser degree by the few
snags and downed woody materials that are still present from the fire.
Bird communities in aspen-dominated or mixedwood stands 26-75 years postfire are dominated by a small number of species that can occur in a wide
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Bird communities in aspendominated or mixedwood
stands 26-75 years post-fire are
dominated by a small number
of species that can occur in a
wide variety of forest ages.

Birds that require large trees
or snags are absent or at low
densities 50-75 y post fire.

variety of forest ages24 (Erskine 1977, Westworth & Telfer 1993, Hobson
1994, Pojar 1995, Schieck et al. 1995, Kirk et al. 1996, Schieck & Hobson
2000, Song 2001). However, some species that use large trees for nesting,
foraging, or as songposts25 used the stands once the trees were > 15 m high,
and became more common in stands 50-75 years post-fire (Westworth &
Telfer 1993, Hobson 1994, Pojar 1995, Schieck et al. 1995, Kirk et al. 1996,
Schieck & Hobson 2000). In addition, a few species that are typically
associated with shrubs and small trees26 were present in stands 50-75 years
post-fire (Hobson 1994, Westworth et al. 1984, Pojar 1995, Schieck et al.
1995, Schieck & Hobson 2000). When white spruce was abundant in these
stands, a few bird species that are typically associated with large white spruce
trees27 were also present 50-75 years post-fire (Westworth & Telfer 1993,
Schieck et al. 1995, Kirk et al. 1996, Schieck & Hobson 2000, Song 2001).
Most birds that require large trees and/or large snags28 were absent or present
at low densities in stands 50-75 years post-fire in the boreal forest of western
North America (Westworth & Telfer 1993, Hobson 1994, Pojar 1995, Schieck
et al. 1995, Kirk et al. 1996, Schieck & Hobson 2000) unless large trees
survived the fire and remained standing during the following 50 years of
succession (see below).
Similar to that found in boreal forests, maple-beech-birch forests 50-75 years
post-fire in Nova Scotia and Maine were dominated by bird species that live
in a wide variety of forest ages (e.g. Black-capped Chickadee, American
Robin, Red-eyed Vireo, Ovenbird), and birds that nest and forage in shrubs
and small trees (e.g. Least Flycatcher, American Redstart; Morgan &
Freedman 1986, Hagan et al. 1997). However, a few bird species that are
associated with large trees (e.g. Yellow-bellied Sapsucker, Hermit Thrush,
Blackburnian Warbler) also were abundant during this period (Morgan &
Freedman 1986, Hagan et al. 1997). In addition, in 50-75 year-old mixed
pine-spruce-maple-beech forests in New Brunswick and Maine species that
nest and forage in large coniferous trees29 were present (Hagan et al. 1997).
Finally, a few bird species that are absent (e.g. Black-throated Blue Warbler,
Northern Parula) or relatively uncommon in western boreal Canada (e.g.
Veery, Bay-breasted Warbler, Blackburnian Warbler, Magnolia Warbler),
were common in these eastern deciduous and mixedwood forests 50-75 years
post-fire (Morgan & Freedman 1986, Hagan et al. 1997).
The only study we found on post-fire spruce stands in this seral stage in the
western boreal forest was a survey of a 27 year-old post-fire stand (Verbisky
& Sykes 1999). However, post-fire, this stand was dominated by small aspen
and thus many of the species were those associated with small trees and
24

Black-capped Chickadee, Hermit Thrush, American Robin, Red-eyed Vireo, Ovenbird, Chipping
Sparrow, White-throated Sparrow, Dark-eyed Junco
25
Least Flycatcher, Gray Jay, Warbling Vireo, Philadelphia Warbler, Yellow-rumped Warbler, Rosebreasted Grosbeak
26
Western Wood-pewee, Tennessee Warbler, American Redstart, Connecticut Warbler, Mourning Warbler,
Canada Warbler
27
Swainson’s Thrush, Red-breasted Nuthatch, Yellow-rumped Warbler, Black-throated Green Warbler,
Pine Siskin
28
Yellow-bellied Sapsuckers, Hairy Woodpecker, Red-breasted Nuthatch, Brown Creeper, Winter Wren
29
Red-breasted Nuthatch, Winter Wren, Hermit Thrush, Swainson’s Thrush, Golden-crowned Kinglet,
Blue-headed Vireo, Yellow-rumped Warbler, Black-throated Green Warbler
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Data are lacking for bird
communities in 25-75 y postfire spruce stands; some
studies may be mixedwoods at
this age.

shrubs30 as well as both Swainson's and Hermit Thrush. In 50-75 year pinespruce-fir forests in New Brunswick and Maine, bird communities included
high densities of some species that nest and in small coniferous trees31, and
high densities of birds that nest and forage in habitats with large coniferous
trees32 (Parker et al. 1994, Hagan et al. 1997). Most species that nest and
forage in stands with large deciduous trees, small deciduous trees, and
shrubs33 were at low densities or absent from these 50-75 year-old coniferous
forests in eastern North America (Parker et al. 1994, Hagan et al. 1997).
Cut Stands Without Residual Trees (Clearcuts)

In 26-75 y post-harvest stands,
bird communities are
dominated by generalists and
species associated with large
trees and little understorey.

Spruce stands were mainly
mixedwood by 26 y postharvest and dominated by
generalist, mixedwood species.

Only one study (Schieck & Hobson 2000) has documented the changes in bird
communities during the period between 26 and 75 years following aspen, or
aspen/white harvest in western North America. In that study, bird
communities did not differ greatly between 30 and 60 years post-harvest.
Birds that were present in many different types of forest (Black-capped
Chickadee, American Robin, Chipping Sparrow, White-throated Sparrow)
and some of the bird species that are typically associated with large deciduous
trees34 were relatively common both 30 and 60 years post-harvest (Schieck &
Hobson 2000). However, in parallel with the decreases in density of shrubs,
and the growth of trees between 30 and 60 years post-harvest, bird species
that nest and forage in forests with shrubs and small trees, (Ruffed Grouse,
Orange-crowned Warbler, Tennessee Warbler, Black-and-white Warbler)
were at lower density by 60 years post-harvest than they were 30 years postharvest (Schieck & Hobson 2000). In addition, a few species that vocalize,
forage, or nest in large trees (Least Flycatcher, Warbling Vireo) were at
higher density by 60 years post-harvest than they were 30 years post-harvest.
Finally, Swainson’s Thrush, Yellow-rumped Warbler, and Black-throated
Green Warbler became more abundant between 30 and 60 years post-harvest,
probably due to the presence of small and moderate sized white spruce that
had developed by 60 years post-harvest.
In northern Alberta, 27 years post-harvest of spruce stands, cutblocks were
dominated by a mix of spruce and aspen with 65% of trees under 17.5 cm
DBH. The most abundant birds here were typical of mid-seral mixedwood
stands35. Bird communities in cutblocks 35 years after white spruce harvest in
montane forests in west central Alberta (Farr 1995) differed slightly from bird
communities found following mixedwood harvest. Montane cutblocks had
abundant white spruce, subalpine fir, and lodgepole pine trees by 35 years
30
Alder Flycatcher, Tennessee Warbler, Orange-crowned Warbler, White-throated Sparrow, Chipping
Sparrow, Fox Sparrow
31
Yellow-bellied Flycatcher, Magnolia Warbler, Nashville Warbler, Mourning Warbler, Dark-eyed Junco
32
Gray Jay, Boreal Chickadee, Red-breasted Nuthatch, Brown Creeper, Winter Wren, Swainson’s Thrush,
Golden-crowned Kinglet, Cape May Warbler, Yellow-rumped Warbler, Bay-breasted Warbler, Blackpoll
Warbler, Blackburnian Warbler
33
Ruffed Grouse, Yellow-bellied Sapsucker, Downy Woodpecker, Alder Flycatcher, Least Flycatcher,
Blue Jay, Black-capped Chickadee, Veery, American Robin, Red-eyed Vireo, Philadelphia Vireo,
Tennessee Warbler, Black-and-white Warbler, American Redstart, Ovenbird, Northern Waterthrush,
Mourning Warbler, Common Yellowthroat, Canada Warbler, Rose-breasted Grosbeak, White-throated
Sparrow
34
Hermit Thrush, Red-eyed Vireo, Ovenbird, Connecticut Warbler, Mourning Warbler, Rose-breasted
Grosbeak
35
Gray Jay Swainson's Thrush, Tennessee Warbler, , Magnolia Warbler, Chipping Sparrow, and Dark-eyed
Junco
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post-harvest, and bird species typically found in conifer forests36 were
abundant, along with the bird species typically found following aspen and
mixedwood harvest (see above). A few bird species (Warbling Vireo, Orangecrowned Warbler) typically found in deciduous dominated forests were more
abundant in the 35 year-old coniferous cutblocks in Farr’s study than in
deciduous cutblocks of similar age (Schieck & Hobson 2000).
Burned Stands With Different Amounts and Patterns of Residual Live Trees

At low, small patch or single
tree retention, by 50-75 y postfire, only a few additional
species are retained that differ
from the no-residual state.

Larger patches (>1 ha) that
contain large white spruce
trees can introduce species
associated with spruce, 50-75 y
post-fire.

Data are lacking for post-fire
conifer stands with retention.

Bird communities that were present in 50-75 year-old post-fire areas without
residual live residual trees (see above) were also present in 50-75 year old
post-fire areas with scattered residual live trees and small residual patches of
live trees (Pojar 1995, Schieck & Hobson 2000). Scattered residual live trees
and small patches of residual live trees incorporated a few additional bird
species into these forests, but the effects are not dramatic. Densities of species
associated with stands with large trees and snags were slightly higher when
scattered residual live trees were present (Lance & Phinney 2001, Pojar 1995,
Schieck & Hobson 2000). In addition, a few bird species that nest and forage
in white spruce were present where residual white spruce trees were present
(Lance & Phinney 2001, Schieck & Hobson 2000). The effects of live
residual trees on bird communities may greater in post-fire areas where higher
densities of residual trees are present, but that has not been tested.
Bird communities in residual patches (fire skips) of >1ha, 50-75 years postfire, differed from those communities in smaller residual patches (Schieck &
Hobson 2000). Large residual patches had high densities of bird species that
nest and forage in large white spruce trees37 and only moderate densities of
species that are typically found in deciduous-dominated 50-75 year-old
forest38. Differences in bird communities between small and large residual
patches probably were related to differences in the types of trees that were
present – large residual patches had mainly large live and dead trees, whereas
smaller residual patches had only a few large live trees surrounded by many
moderate sized trees. In addition, residual patches may be dominated by white
spruce trees by 50-75 years post-fire even though they started as mixedwood
simply because many of the residual aspen trees may have died and fallen by
50 years post fire.
Birds have not been surveyed 50-75 years after fires in white spruce boreal
forests of western Canada. In spruce/fir forests in central British Columbia,
most of the bird species that nested or foraged in large trees, or in closed
canopy forests also were present in residual patches that had become isolated
during fires 60 years prior to the survey (Parker et al. 1997, Seip & Parker
1997). Two-thirds of these bird species were had higher densities in residual
patches that were >15 ha than they had in smaller residual patches, and many
36

Yellow-bellied Flycatcher, Gray Jay, Boreal Chickadee, Ruby-crowned Kinglet, Swainson’s Thrush,
Yellow-rumped Warbler, Wilson’s Warbler, Dark-eyed Junco
37
Red-breasted Nuthatch, Brown Creeper, Swainson’s Thrush, Ruby-crowned Kinglet, Yellow-rumped
Warbler, Black-throated Green Warbler, Western Tanager
38
Least Flycatcher, Black-capped Chickadee, Hermit Thrush, American Robin, Warbling Vireo, Red-eyed
Vireo, Yellow Warbler, Ovenbird, Connecticut Warbler, Mourning Warbler, Rose-breasted Grosbeak,
White-throated Sparrow, Dark-eyed Junco
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of the bird species had higher densities in residual patches if deciduous trees
were present in those patches (Parker et al. 1997).
Cut Stands With Different Amounts and Patterns of Residual Live Trees

The presence of scattered
residual trees does not greatly
alter bird communities in
either deciduous or conifer
stands 26-75 y post-harvest.

Large patches of residual trees
were dominated by white
spruce and few aspen 50-75 y
post-harvest and bird
communities there included
species associated with large
spruce.

Only Schieck and Hobson (2000) have described bird communities in residual
patches during the period 26-75 years following aspen or aspen/white spruce
mixedwood harvest in western Canada. Birds that were present 26-75 years
after clearcut harvest (see above) were also present when scattered residual
live trees were retained. The presence of scattered residual trees 26-75 years
after harvest resulted in slightly higher densities of birds that nest or forage in
large trees (Warbling Vireo, Ovenbird, Black-and-white Warbler, Red-eyed
Vireo), large snags (Yellow-bellied Sapsucker, Black-capped Chickadee), or
areas with shrubs and large trees39. Within montane coniferous pine-spruce-fir
35 year-old cutblocks where residual live trees had been retained at harvest,
also had slightly higher density of bird species that nest and forage in large
trees40 into the harvest area (Farr 1995). However, the presence of scattered
residual trees did not greatly alter the bird communities in either the
deciduous dominated or coniferous dominated cutblocks (Farr 1995, Schieck
& Hobson 2000).
As found 11-25 years post-disturbance, bird communities 26-75 years postharvest varied in relation to the size of residual patch that was present
(Schieck & Hobson 2000). Bird communities in and near residual patches
with fewer than 10 trees were dominated by species that were found in areas
with no residual trees (see description above) although densities of some
species that nest and forage in large white spruce trees (Boreal Chickadee,
Swainson’s Thrush, Yellow-rumped Warbler, Black-throated Warbler) were
slightly higher. However, bird communities within and around residual
patches between 0.25-2 ha, included more species and higher densities of
species that use large white spruce trees (the preceding species plus Redbreasted Nuthatch, Brown Creeper, Ruby-crowned Kinglet, Western Tanager)
than did small residual patches (Schieck unpubl.). Increased density of birds
associated with large white spruce trees probably occurred because many of
the large deciduous trees in the residual patches had died and fallen during the
first 60 years after harvest, resulting in the residual patches being pockets of
large white spruce trees surrounded by a matrix of 60 year-old deciduous
forest. The few residual aspen trees that remained standing 50-75 years postharvest were large and had extensive centre-rot-these should have created
abundant resources for cavity-nesting birds. However, most cavity nesting
birds were absent or at low density in these large residual patches 60 years
post harvest. This suggests that residual patches <2 ha may not have enough
resources for most cavity-nesting bird species and could limit the potential to
create habitat for old forest birds in cutblocks.
There are no studies 26-75 years post-harvest evaluating the consequences to
birds of retaining different types of merchantable trees. If residual white
39
Least Flycatcher, Yellow Warbler, White-throated Sparrow, Rose-breasted Grosbeak, Tennessee
Warbler, Canada Warbler, Mourning Warbler, Yellow-rumped Warbler, Swainson's Thrush
40
Red-breasted Nuthatch, Ruby-crowned Kinglet, Yellow-rumped Warbler, Wilson’s Warbler, Pine
Grosbeak
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spruce trees are in wind-firm areas, they are expected be live for up to 200
years, and although untested abundant large residual white spruce trees would
be expected to have large effects on bird communities.
Comparison Between Burned and Harvested Stands

By 75 years post-disturbance,
bird communities had
converged greatly between
post-fire and post-harvest
stands.

By 75 years post-disturbance, bird communities had converged greatly
between post-fire and post-harvest stands. This convergence is a likely
product of increased similarity in vegetation structure and composition
between disturbance types. There were however, small but significant,
differences between bird communities post-fire and those found post-harvest.
Those differences were present both within the disturbed areas and within and
around residual patches of live trees 60 years post-disturbance. Differences
were due to a few species (e.g. Warbling Vireo) that were more abundant
post-harvest than they were post-fire and vice versa for other species (e.g.
Connecticut Warbler). These differences may have been maintained by small
differences in herb and shrub communities that were still present 60 years
post-disturbance (Crites 1998). It may be possible to enhance convergence by
burning post-harvest areas so that the understorey vegetation post-harvest
becomes more similar to that found post-fire (Crites 1998).
Old-Growth Characteristics of Harvested Stands

25-75 y stands differ greatly
from old-growth stands.

Bird communities in residual
patches are more likely to be
similar to old-growth stands.

Bird communities in areas that had been disturbed by fire 60 years previously
(Schieck et al. 1995, Schieck & Hobson 2000) and disturbed by harvest 60
years previously (Schieck & Hobson 2000) differed greatly from bird
communities in continuous (i.e. large tracts) old forests. However, within
residual patches 60 years after fire or harvest, bird communities had at least
low densities of many bird species that were common in continuous old forest
(Schieck & Hobson 2000). Similarities were greater for large residual patches
than small residual patches, but bird communities overlapped greatly among
residual patch sizes.
Bird communities in residual patches 60 years post-disturbance were more
similar to bird communities from old forest than were bird communities from
residual patches during earlier seral stages. However, few of the bird species41
that were common in continuous old forest, still remained at low densities
within and near residual patches 60 years after disturbance than they were in
continuous forest.
MATURE STAGE: 76-125 YEARS POST DISTURBANCE
Parallel Successional Development between Fires and Logging
Burned Stands Without Residual Live Trees
The period 76-125 years post-fire is a transition period – deciduous trees that
became established after the fire become less healthy and some die and fall
41
Yellow-bellied Sapsucker, Hairy Woodpecker, Red-breasted Nuthatch, Winter Wren, Brown Creeper,
Hermit Thrush, Least Flycatcher, Yellow-rumped Warbler, Magnolia Warbler, American Redstart,
Mourning Warbler, Canada Warbler, Western Tanager, Rose-breasted Grosbeak, Chipping Sparrow
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(see Chapter 8). As such, by 100 years post-fire many stands have abundant
large deciduous snags and downed logs. In addition, in areas where deciduous
trees die, abundant shrubs may develop in the understorey (see Chapter 8).

The combination of large trees
and snags, and canopy gaps
that allow the release of the
forest understorey create
conditions for a higher
diversity and density of forest
bird species than any younger
forest ages.

Stands that are mixedwoods or
white spruce dominated by 25 y
post-fire will have a bird
community primarily
dominated by mixedwood or
conifer spp.

Within boreal forests of western North America, most birds that occur in mid
seral deciduous forests42 were present in old deciduous forests 76-125 years
post-fire (Martin 1960, Flack 1976, Erskine 1977, Francis & Lumbis 1979,
Finch & Reynolds 1987, Westworth & Telfer 1993, Hobson 1994, Schieck et
al. 1995, Kirk et al. 1996, Norton & Hannon 1997, Tittler 1998, Schieck &
Hobson 2000, Lance & Phinney 2001). That pattern was also true in other
geographic areas (Martin 1960, Flack 1976, Finch & Reynolds 1987). In
addition, many birds that use large dead or dying trees for foraging or
nesting43 became more common in deciduous forests 76-125 years post-fire as
aspen trees developed centre-rot and died (Westworth et al. 1984, Finch &
Reynolds 1987, Westworth & Telfer 1993, Hobson 1994, Schieck et al. 1995,
Kirk et al. 1996, 1997, Norton & Hannon 1997, Song 1998, 2001, Tittler
1998, Lance & Phinney 2001). Finally, birds that are associated with large
deciduous trees or a combination of large deciduous trees with a welldeveloped shrub understorey44 were common in stands >100 years old (Flack
1976, Erskine 1977, Francis & Lumbis 1979, Spindler & Kessel 1980, Finch
& Reynolds 1987, Hobson 1994, Pojar 1995, Schieck et al. 1995, Kirk et al.
1996, 1997, Norton & Hannon 1997, Schmiegelow 1997, Merkens & Booth
1998, Song 1998, 2001, Tittler 1998, Lance & Phinney 2001). The
combination of large trees and snags, and canopy gaps that allow the release
of the forest understorey create conditions for a higher diversity and density
of forest bird species than any younger forest ages.
As a complicating factor, if white spruce trees were common in the
understorey during earlier periods, the composition of canopy trees in
mixedwood stands may changes from being dominated by aspen to having
similar densities of aspen and white spruce, or to becoming dominated by
white spruce by 125 years post-fire. In stands where large white spruce
comprises a significant portion of the canopy, birds associated with white
spruce45 were common (Francis & Lumbis 1979, Hobson 1994, Schieck et al.
1995, Kirk et al. 1996, 1997, Schmiegelow 1997, Merkens & Booth 1998,
Song 1998, 2001, Tittler 1998). This pattern was also found in other
geographic areas in North America (Martin 1960, Theberge 1976, Spindler &
Kessel 1980, Finch & Reynolds 1987). However, many of the bird species
associated with old deciduous forest46 remain common in 125-year old forests
42

Black-capped Chickadee, Hermit Thrush, American Robin, Red-eyed Vireo, Ovenbird, Chipping
Sparrow, White-throated Sparrow, Dark-eyed Junco
43
Yellow-bellied Sapsucker, Downy Woodpecker, Hairy Woodpecker, Northern Flicker, White-breasted
Nuthatch, House Wren
44
Least Flycatcher, Western Wood-pewee, Hermit Thrush, Warbling Vireo, Philadelphia Vireo, Tennessee
Warbler, Yellow Warbler, Chestnut-sided Warbler, Black-and-white Warbler, American Redstart,
Mourning Warbler, Canada Warbler, Rose-breasted Grosbeak, Evening Grosbeak
45
Pileated Woodpecker, Gray Jay, Boreal Chickadee, Red-breasted Nuthatch, Brown Creeper, Winter
Wren, Golden-crowned Kinglet, Ruby-crowned Kinglet, Swainson’s Thrush, Blue-headed Vireo, Magnolia
Warbler, Cape May Warbler, Yellow-rumped Warbler, Black-throated Green Warbler, Blackburnian
Warbler, Bay-breasted Warbler, Blackpoll Warbler, Western Tanager, Purple Finch, Pine Siskin
46
Yellow-bellied Sapsucker, Downy Woodpecker, Hairy Woodpecker, Northern Flicker, White-breasted
Nuthatch, Least Flycatcher, Western Wood-pewee, Warbling Vireo, Redstart, Canada Warbler, Rosebreasted Grosbeak, Ovenbird, White-throated Sparrow, Philadelphia Vireo, Red-eyed Vireo, Yellow
Warbler, Chestnut-sided Warbler, American Evening Grosbeak, Northern Oriole, Purple Finch
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as long as large aspen remains a component of the canopy (Francis & Lumbis
1979, Hobson 1994, Kirk et al. 1996, 1997, Schmiegelow 1997, Song 1998,
2001, Tittler 1998). As aspen trees become less abundant in the canopy, bird
species associated with aspen also become less common (Finch & Reynolds
1987, Hobson 1994, Farr 1995, MacKenzie & Steventon 1996). In addition,
since less light is present in the understorey of forest dominated by white
spruce than in forests dominated by aspen, shrubs and small deciduous trees
become less common (see Chapter 6) and birds that nest or forage within
shrubs and small trees (see above) are also less common.
Cut Stands Without Residual Trees (Clearcuts)

Although no studies exist, postharvest stands are expected to
be similar to post-fire stands by
75-125 y post-disturbance.

We were unable to find studies that described bird communities in boreal
forests 76-125 years post-harvest. However, there was strong similarity for
vegetation (see Chapter 6) and bird communities (Schieck & Hobson 2000)
60 years post-fire and 60 years post harvest when no residual trees are
present. We expect that this similarity will increase throughout the period 76125 years because in both types of stands the major changes to forest structure
are due to changes in trees that grew after the disturbance – most of the snags
produced by the fire have fallen and decayed by 125 years post disturbance
(see Chapter 5). Thus, bird communities 76-125 years post-harvest are
expected to be similar to those described above for bird communities 76-125
years post-fire. This hypothesis, however, has not been tested.
Burned Stands With Different Amounts and Patterns of Residual Live Trees

Although there are no studies
on residual trees in burned
stands in this seral stage,
residual may create small-scale
spatial variation that, in turn,
may affect variation in bird
communities.

No studies have evaluated how bird communities are affected by different
amounts and patterns of residual live trees 76-125 years post-fire. The effects
of residual live trees in these stands, however, are easily overlooked because,
by 75 years, many of the residual trees would have died and fallen (see
Chapter 5) and their presence could only be discerned from historical records.
As a further complication, due to the growth and death of the post-fire cohort
of trees, many large live trees, snags, and downed logs are present in all
stands by 125 years post-fire (see Chapter 5). Thus, fewer effects on bird
communities are expected from having live residual trees within the burned
areas, during the period 76-125 years post fire than was found during earlier
periods. However, to the degree that live residual trees post-fire, especially
live residual white spruce trees, affect regeneration and growth of the new
cohort of trees (see Chapter 8), there may be higher spatial variability within
the stand even 76-125 years post-harvest (see Chapter 8). This small-scale
spatial variation in species composition and size of trees is expected to create
small-scale spatial variation in bird communities throughout the burned areas.
Only by tracking both residual trees and bird communities, from disturbance
all the way through these late seral stages can the effects of residual trees be
determined with certainty. That will require very long-term studies.
Bird species that are abundant in mature and old white spruce dominated
stands47 are expected to be common if abundant live white spruce trees are
47
Three-toed Woodpecker, Yellow-bellied Flycatcher, Gray Jay, Boreal Chickadee, Red-breasted
Nuthatch, Winter Wren, Brown Creeper, Golden-crowned Kinglet, Ruby-crowned Kinglet, Swainson’s
Thrush, Varied Thrush, Blue-headed Vireo, Magnolia Warbler, Cape May Warbler, Yellow-rumped

ALBERTA RESEARCH COUNCIL

9-24

BOREAL BIRDS

present post-fire. Alternatively, bird species common old deciduous
dominated stands48 will be common if forests regenerated primarily as aspen
and few white spruce established following fire (Hobson 1994, Schieck et al.
1995, Kirk et al. 1996, Schmiegelow et al. 1997, Song 1998, Schieck &
Hobson 2000).
Cut Stands With Different Amounts and Patterns of Residual Live Trees
Again, no studies of residuals
in harvested stands exist for
this seral stage but similar
effects are expected as outlined
for burned stands.

The effects of retaining different amounts and types of residual trees at
harvest on birds 76-125 years post-harvest have not been studied. We expect
similar outcomes as related above if retention of residuals affect stand
composition in the long term. Again, this discussion, however, is only a
hypothesis; only by tracking both residual trees and bird communities, from
disturbance through these late seral stages can the importance of residual trees
be determined with certainty.
Comparison Between Burned and Harvested Stands

Although studies are lacking,
bird communities in 75-125 y
post-harvest and post-fire
stands are expected to be
similar.

We were not able to compare bird communities between 76-125 years postfire with those 76-125 years post-harvest due to the absence of information
about bird communities 76-125 years post-harvest. However, there was strong
similarity in bird communities between these two disturbance types 60 years
post-disturbance when no residual trees are present, and when similar
amounts of residual trees were present (Schieck & Hobson 2000, see above).
We expect that similarity to increase throughout the period 76-125 years postdisturbance as the stands become dominated by trees that grow after the
disturbance. This hypothesis, however, has not been tested.
Old-Growth Characteristics of Harvested Stands
Due to the absence of harvesting activity 76-125 yrs ago, as well as studies of
those stands, there is no information about bird communities 76-125 years
post-harvest. However, some live residual white spruce trees could be present
as live trees or snags 76-125 years later (see above). This could create smallscale spatial variability in tree composition throughout the cutblock, which in
turn is expected to create small-scale variation in bird communities. Thus,
residual trees may result in stands that have bird communities similar to those
found in very old forests (see below). However, this idea remains untested.

Warbler, Black-throated Green Warbler, Blackburnian Warbler, Bay-breasted Warbler, Wilson’s Warbler,
White-winged Crossbill, Pine Siskin
48
Yellow-bellied Sapsucker, Hairy Woodpecker, White-breasted Nuthatch, Least Flycatcher, Western
Wood-pewee, Hermit Thrush, Warbling Vireo, Philadelphia Vireo, Yellow Warbler, Chestnut-sided
Warbler, American Redstart, Ovenbird, Canada Warbler, Rose-breasted Grosbeak, Evening Grosbeak,
Northern Oriole, Purple Finch
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OLD-GROWTH STAGE: >125 YEARS POST-DISTURBANCE
Parallel Successional Development Between Fires and Logging
Burned Stands Without Residual Live Trees

Stands older than 125 y old are
characterised by large trees,
falldown and increased
presence of white spruce.

Old-growth stands have largeand small-scale spatial
variability in bird communities.

Old-growth mixedwood stands
have the most diverse bird
communities of any forest type
in the boreal.

ALBERTA RESEARCH COUNCIL

The most noticeable successional change in aspen and mixedwood stands
older than 125 years in the boreal forests of Alberta, is the death, decay, and
fall-down of deciduous trees, coupled with the increased presence of white
spruce into the canopy (see Chapter 5). The exact timing and degree of
changes in species composition, however, are not tightly coupled with stand
age, and that results in large variation within and among old
aspen/mixedwood stands. Accompanied with the change in tree species
composition, litter from white spruce trees accumulates on the forest floor,
lower light levels are present on the forest floor, herbs, shrubs, and small trees
become less abundant in the understorey, and mosses dominating the forest
floor under a white spruce canopy (see Chapters 6 and 7).
Although many old aspen/mixedwood forests have been surveyed for birds
(e.g. Francis & Lumbis 1979, Hobson 1994, Farr 1995, Schieck et al. 1995,
2000, Kirk et al. 1996, 1997, Schmiegelow et al. 1997, Merkens & Booth
1998, Song 1998, Tittler 1998, Hobson & Bayne 2000, Schieck & Hobson
2000, Machtans & Latour subm.), variation in bird communities in relation to
stand age has not been well documented in these old forests, because ages of
old stands are difficult to determine. Stands older than 125 years that remain
dominated by aspen, or composed of both aspen and white spruce, have bird
communities similar to those found in 100 year old deciduous and mixedwood
stands (see above). However, there is abundant large and small scale spatial
variability in bird communities in these old post-fire stands (Schieck &
Hobson 2000), due to non-random patterns of tree death and decay that result
in spatial variation of the amount and pattern of snags and down woody
material (see Chapter 5). In addition, spatial variation in regenerating white
spruce (see Chapter 8) and spatial variation in the death of aspen trees results
in tree composition varying spatially. Finally, additional spatial variability in
these old stands is caused by variability in amount and pattern of live residual
trees that are present post-fire.
The large amount of spatial variability in trees, shrubs, herbs, and forest
structures found in old mixedwood stands results in these stands having the
most diverse bird communities of any forest type in the boreal forest (Hobson
1994, Schieck et al. 1995, 2000, Kirk et al. 1996, Hobson & Bayne 2000,
Schieck & Hobson 2000, Machtans & Latour subm.). Birds that typically live
in 76-125 year-old aspen dominated stands, and 76-125 year old white spruce
dominated stands (see above), have high densities in mixedwood stands >125
years old (Hobson 1994, Schieck et al. 1995, Hobson & Bayne 2000). In
addition, most bird that typically live in younger deciduous and mixedwood
stands (see above) also have at least low densities in mixedwood stands >125
years old (Schieck et al. 1995, 2000, Hobson & Bayne 2000, Schieck &
Hobson 2000, Machtans & Latour subm.). Finally, the few species that are
abundant immediately post-fire (Three-toed Woodpecker, Black-backed
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Woodpecker) are also present at low densities in old mixedwood stands (Hoyt
2000, Schieck & Hobson 2000).
In at least some of these mixedwood stands >125 year-old, white spruce
becomes prevalent in the canopy over time (see Chapter 8). In these stands,
bird community are expected to become more and more similar to those found
in old white spruce stands. Bird species that are highly associated with very
old spruce stands will be more common49 but some species that are associated
with mixedwoods will also be present50 (Hobson 1994, Farr 1995, Schieck et
al. 1995, Song 1998, 2001, Schieck et al. 2000, Hobson & Bayne 2000, Hoyt
2000, Schieck & Hobson 2000, Machtans & Latour subm.).
Cut Stands Without Residual Trees (Clearcuts)
We were unable to find studies that described bird communities >125 years
post-harvest. However, based on the strong convergence between bird
communities in stands 60 years post-fire compared to bird communities 60
years post-harvest (see above), we expect that post-fire and post-harvest bird
communities may be indistinguishable after 125 years. This hypothesis,
however, has not been tested.
Burned Stands With Different Amounts and Patterns of Residual Live Trees

Although not previously
evaluated, bird communities in
burned stands with residual
trees are expected to be similar
to those without residuals,
depending on how residual
trees affect canopy conversion
to white spruce.

Variation in bird communities in stands >125 years post-fire have not been
evaluated in relation to differences in the amounts, patterns, and types of
residual live trees that were present post-fire. Results are expected to be
similar to that found during the period 76-125 years post-fire (see above),
although variability within and among stands, may decrease over time as large
white spruce trees dominate most of these very old stands. Decreases in
spatial variability in forest composition and structure, and the resulting
decreases in the variability in bird communities, will probably occur most
quickly in stands that have many large live residual white spruce trees present
post-fire. These residuals will accelerate the conversion of the stand to white
spruce. As with the previous sections, this hypothesis also remains untested.
Cut Stands With Different Amounts and Patterns of Residual Live Trees
The effects of retaining different amounts and types of residual trees at
harvest on birds, has not been studied >125 years post-harvest. However,
regardless of the type and amount of residual retained at harvest, all of these
stands will have large trees, and many of the stands are expected be
undergoing a conversion from a mixedwood canopy to a white spruce
dominated canopy when >125 years post-harvest (see above). Canopy
conversion from deciduous to coniferous is expected to occur more quickly in
cutblocks where abundant white spruce was retained, because the residual
white spruce trees may enhance white spruce regeneration (see above). Thus,
49
Three-toed Woodpeckers, Gray Jay, Boreal Chickadee, Brown Creeper, Winter Wren, Ruby-crowned
Kinglet, Blue-headed Vireo, Cape May Warbler, Magnolia Warbler, Blackburnian Warbler, Bay-breasted
Warbler, Wilson’s Warbler, Western Tanager, Red Crossbill, White-winged Crossbill, Pine Siskin
50
Yellow-bellied Sapsucker, Chipping Sparrow, Black-throated Green Warbler, Yellow-rumped Warbler,
Magnolia Warbler, Varied Thrush, Swainson's Thrush, Golden-crowned Kinglet, Ovenbird
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Cut stands with residual live
trees are expected to have
similar bird communities as
was outlined for burned stands
with residuals.

in many stands >125 years old, especially stands where abundant white spruce
had been retained at harvest, bird communities are expected to be dominated
by species (see above) that are common in very old white spruce forest. In
cutblocks where few trees were retained at harvest, or most of the trees
retained at harvest were aspen, deciduous dominated or mixedwood stands
may be present 150 or more years later. Those very old aspen dominated
stands are expected to have bird that are common in very old deciduous
forest51 (Hobson 1994, Schieck et al. 1995, Kirk et al. 1996, Song 1998, 2001,
Hobson & Bayne 2000, Schieck & Hobson 2000) or very old mixedwood
stands52 (Hobson 1994, Farr 1995, Schieck et al. 1995, 2000, Kirk et al. 1996,
Song 1998, Hobson & Bayne 2000, Schieck & Hobson 2000, Machtans &
Latour subm.). Only by tracking both residual trees and bird communities,
from disturbance through these late seral stages can the importance of residual
trees be determined with certainty.
Comparison Between Burned and Harvested Stands
We were not able to compare bird communities between >125 years post-fire
with those >125 years post-harvest due to the absence of information about
bird communities >125 years post-harvest. However, few differences are
expected in bird communities if both disturbance types have similar types and
amounts of residual trees. Again, this hypothesis has not been tested.
Old-Growth Characteristics of Harvested Stands
No harvest cutblocks in the boreal forest of western North America have been
studied >125 years post harvest. However, harvested stands >125 years old
are expected to have old growth characteristics and thus, to have bird
communities characteristics of old growth stands.
BIOTIC RESPONSES TO FOREST EDGES
Background

Differences in vegetation
structure between forest edge
and interior can predict
whether bird communities will
also be different.

Historically, the edge of a forest has been considered a habitat distinct from
the forest interior. Leopold’s (1933) observation that game tended to increase
at the forest edge spurred a series of studies on songbirds. Songbird density,
species richness and diversity are often higher at forest edges than in the
forest interior within a variety of forest types in eastern North America (e.g.
Lay 1938, Johnston 1947, Anderson et al. 1977, Gates & Gysel 1978, Strelke
& Dickson 1980, Morgan & Gates 1982). The vegetation structure that
develops at edges, especially edges next to clearings, is often characterised by
51

Yellow-bellied Sapsucker, Hairy Woodpecker, White-breasted Nuthatch, Least Flycatcher, Western
Wood-pewee, Hermit Thrush, Warbling Vireo, Philadelphia Vireo, Yellow Warbler, Chestnut-sided
Warbler, American Redstart, Ovenbird, Canada Warbler, Rose-breasted Grosbeak, Evening Grosbeak,
Northern Oriole, Purple Finch
52
Yellow-bellied Sapsucker, Hairy Woodpecker, Downy Woodpecker, Northern Flicker, White-breasted
Nuthatch, House Wren, Black-capped Chickadee, Hermit Thrush, American Robin, Least Flycatcher,
Western Wood-pewee, Warbling Vireo, Red-eyed Vireo, Philadelphia Vireo, Tennessee Warbler, Yellow
Warbler, Chestnut-sided Warbler, Black-and-white Warbler, American Redstart, Ovenbird, Mourning
Warbler, Canada Warbler, Rose-breasted Grosbeak, White-throated Sparrow, Chipping Sparrow, Evening
Grosbeak
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a dense understorey that grows in response to increased light conditions
(Ranney et al. 1981, Fraver 1994). Frequently, the increase in songbird
abundance and species richness is due to songbird species that are attracted to
the “shrubby” vegetation or areas of high vertical heterogeneity (e.g.
Anderson et al. 1977, Gates & Gysel 1978, Strelke & Dickson 1980, Helle &
Helle 1982, Kroodsma 1984). Therefore, the change in vegetation conditions
between the edge and the interior, i.e., whether that change develops and how
marked the difference is, provides a basis for predicting whether a change in
songbird density, richness and composition will occur.

Studies of forest edge in the
Canadian boreal is a relatively
new area of focus.

Gates and Gysel’s (1978) landmark study marked a change in perception of
edges and their effect on birds. In their work, densities of nesting songbirds
increased at the edge of forests adjacent to fields, a response attributed to the
availability of suitable habitat for nesting and foraging. However, productivity
of birds was low due to high levels of parasitism by cowbirds and predation
on eggs and nestlings. Thus, the edge was deemed to act as an “ecological”
trap as birds were miscued by vegetation structure. Subsequently, more
research has focused on studying process as well as pattern at edges, although
work within boreal systems, especially Canada, is a relatively new area of
focus.
The majority of studies focus on the forested portion of the edge, where the
forest is greater than 80 years of age and harvesting has occurred within 0-10
years. We review these studies but also look at bird responses to the harvested
portion of the edge.
Initiation Stage: 0-10 Years Post-Disturbance
At the Disturbance Side of the Edge
Fires

Feathered edges and residual
patches may increase songbird
use of cutblock edges.

Degree of burning may vary
with distance to edge and may,
in turn, affect bird
communities within burned
stands.

ALBERTA RESEARCH COUNCIL

Currently there are no studies of songbirds occupying burned edges adjacent
to forest stands. Burned stands can have feathered edges, limiting the
boundary effect that clearcut edges create (Song 1998, Desrochers & Fortin
2000). Residual patches of live trees may enhance use of the cutblock by birds
holding territories in the adjacent forest and cause an increased use of patches
near the cutblock edge. Small and medium sized residual patches of live and
dead trees tend to remain standing longer nearer the edge of burned stands
(Harper 1999, Crites & Hanus 2001), thus densities of woodpeckers and
songbirds attracted to these patches may occur in higher densities near the
edge within the cutblock. This difference does not hold for larger patches, i.e.,
patches persist throughout the stand.
Depending on how burns are classified, there may be less burned material
near the designated boundary of the burn. Degree and amount of burned tree
stems will affect bird response (Hoyt 2000, Stepnisky & Schmiegelow
unpubl.) and thus, bird community composition and density may change at the
edge. Densities of Picoides woodpeckers respond to beetle availability that
can be affected by burn characteristics of tree stems (Hoyt 2000, Stepnisky &
Schmiegelow unpubl.).
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Cutblocks

Bird densities at cutblock edges
maybe higher than cutblock
centres dues to birds that are
using the adjacent forested
stands.

Reproductive success of birds
at cutblock edges is unknown.

Within cutblocks, there can be an edge effect on bird density with birds using
residual patches near the cutblock edge more than those in the cutblock
centre. Preferential use of residual structure (i.e. trees, snags, and tall shrubs)
within the edges of cutblocks has been observed in both deciduous and
conifer-dominated landbases (Joy & van den Driessche 1998, Schieck
unpubl.). However, exceptions exist: Schieck et al. (2000) found bird
communities at cutblock edges were similar to those found distant from
cutblock edges. Edge effects tended to occur for species that were associated
with trees, snags and tall shrubs. The higher densities observed at the cutblock
edge may have been individuals that were also using the adjacent forest and
moved out to use the cutblocks for foraging or for songposts. Detailed
mapping of territories would be required to test this.
Reproductive success of birds within cutblock edges was not evaluated in the
above study. However, Hannah (2000) demonstrated that reproductive
success for White-throated Sparrow within cutblocks was significantly lower
than in intact forest. This effect may be continuous throughout the block.
At the Forest Side of the Edge
Fires
There are no studies of burned forest edge currently. Potentially if species are
utilising both the burned forest and the adjacent live forest, densities may be
higher at the forest edge than in the live interior. Burned edges require further
study.
Cutblocks

There are no species unique to
edges and generally, densities
of bird communities are
similar at forest edges and
interior.

Within the first year post-harvest in boreal mixedwood forests, densities of
songbirds increased in aspen stands adjacent to cutblocks relative to the forest
interior probably due to crowding by birds displaced from lost habitat (Song
1998). By the second year post-cut, birds were re-distributed and their
densities were similar to those in the forest interior. At the individual species
level, no species had significantly increased densities at aspen/clearcut edges
except Canada Warbler in the first year post-cut (Song 1998). A few species
tended to have their territories placed closer to the edge than expected by
chance: Least Flycatcher, White-throated Sparrow and Mourning Warbler
(Song & Hannon unpubl.). These were also species that made use of the
adjacent clearcuts. Species such as Red-breasted Nuthatch, Red-eyed Vireo,
Tennessee Warbler, Yellow-rumped Warbler, Yellow Warbler, American
Redstart, Ovenbird and Connecticut Warbler were neither attracted to nor
avoided forest edges in two years of study (Song & Hannon unpubl.). No
species avoided the edge and there were no species that were unique to the
edge habitat, i.e., there are no “edge” and “interior” species associated with
the boreal forest (Song 1998, Villard 1998).
Further south in Minnesota’s aspen forests, nesting success of songbirds was
also not affected by distance to edge (Hanski et al. 1996). Results did not
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differ when analysed at the species level for the 3 most abundant species,
Red-eyed Vireo, Least Flycatcher and American Redstart.

Forest/clearcut edge probably
has little effect on boreal bird
communities and are not the
“ecological trap” that has been
observed in eastern North
America.

Lack of evidence for higher
predation at forest edges than
the interior may be due to the
composition of the predator
community.

Forest/clearcut edge probably has little effect on boreal bird communities and
are not the “ecological trap” that has been observed in eastern North America,
where edge effects can penetrate 300 m (Flaspohler et al. 2001). There is not
the increased vertical heterogeneity of vegetation structure at the edge that
would increase densities. Although arthropod abundance can be affected by
edges in the boreal, food abundance does not appear to be a strong
determinant for territory placement (Song 1998, Van Wilgenburg et al. 2001).
Further, artificial nest predation studies demonstrated no effect of forest edge
on nest predation rates (Cotterill & Hannon 1999, Song & Hannon 1999) and
this conclusion was confirmed by studies of nests of White-throated Sparrow
(Hannah 2000) and American Redstarts (Hannon & Villard unpubl.).
The apparent lack of edge effect on egg and nestling predation results from
composition and response of the predator community found there. The major
mammalian predators in this system are red squirrels, red-backed voles, and
deer mice and neither the density nor the activity of these opportunistic
species increase in density at forest edges (Bayne & Hobson 1997, Cotterill &
Hannon 1998, Song 1998, Song & Hannon 1999, Chapter 10). Avian
predators include forest-based raptors: Northern Goshawks, Cooper’s Hawks
and Sharp-shinned Hawks, (McCallum & Hannon 2001). More information is
needed about the response of these species to edges. Corvids, an important
predator in Scandanavian boreal landscapes (Møller 1987, Andrén 1992), are
at low densities in western Canadian boreal forests (Cotterill 1996, Song &
Hannon 1999) and are not considered important nest predators in forestdominated landscapes. These predators do not tend to increase in density in
new clearcuts and the rapid regeneration of aspen stands likely limits invasion
of species (Black-billed Magpie, Blue Jay, House Wren) that tend to be a
problem in agricultural landscapes (Hannon & Cotterill 1998).

There are few studies of the
effects of forest edge on birds
within conifer stands in
Canada’s boreal.

There are few studies of the effects of forest edge on birds within conifer
stands in Canada’s boreal. Studies in Quebec and Newfoundland have a
conifer (balsam fir, Abies balsamifera) focus but have dealt with riparian
habitats and thus, these studies are discussed in the following section (e.g.
Darveau et al. 1995, Whitaker & Montevecchi 1999). Gray Jays and red
squirrels are nest predators associated with white spruce stands. Any effect of
edge on predation rates of songbird is unknown.

Some studies in Scandanavia
in conifer forests show an edge
effect related to food.

In coniferous forests of Scandanavia, songbirds increased in abundance at the
forest edge (Hansson 1983, Helle 1985). However, this increase was linked to
increases in food availability at the edge and not changes in vegetation
structure (Hansson 1983). While Helle (1985) documented species that
preferred or avoided the edge, Hansson (1983) determined that no species
were entirely unique to the edge or the interior.
Based on the few studies here, edges of boreal forest stands are not distinct
from the interior of forest-dominated landscapes (Song 1998). However, most
data are based on density measurements and this may be a poor indicator of
habitat quality in the boreal forest (Hannah 2000). Conclusions about the
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edges of spruce stands are more difficult to draw. Further study should be
supported to determine whether they result in the loss of habitat for species
that use old growth spruce habitat in the first 10 years post-harvest.
Establishment Stage: 11-25 Years Post-Disturbance
At the Disturbance Side of the Edge
Fires and Cutblocks

No data exist for burned or
cutblock edges between 11-25 y.

Cutblock edges are expected to
have less effect on birds by 25 y
post-harvest.

There are no studies evaluating changes in bird communities at burned or
cutblock edges 11-25 years post-harvest. However, many forest birds that use
large trees and snags probably will also use edges of post-fire stands adjacent
to older intact forest, because the new trees in the cutblock will provide some
resources for forest birds. A similar result for cutblock edges is expected
where large trees and snags have been retained within block.
Cutblock edges between first and second pass blocks, however, are expected
to have much less effect on birds by 25 years post-harvest. Unique vegetation
footprints near these block edges probably will decrease after second pass
blocks have been removed, with the result that bird communities here
probably will be similar to those found near the centres of blocks. The only
lasting effects at cutblock edges will be the presence of residual trees that
have become windfirm. That may result in higher densities of birds associated
with large trees and snags.
At the Forest Side of the Edge

Although no studies have been
conducted, bird densities at
older aspen/clearcut edges are
not predicted to differ from
those in the aspen interior.

Although no studies have been conducted, bird densities at older
aspen/clearcut edges are not predicted to differ from those in the aspen
interior. Studies of vegetation in aspen stands adjacent to 15 year-old
clearcuts demonstrate little change in tree and shrub structure from edges
immediately post-harvest (Song 1998, Harper 1999). Between 80 year and 15
year aspen forests, however, there was a doubling of deciduous saplings at the
edge of the 80 year forest (Song 1998). There may be an increased response
by shrub nesting or foraging species at these mature forest edges but further
study is necessary. For many cutblocks, second pass cutblocks will be
removed by 11 years post-harvest, thus the period where edge effects in
mature and old growth forest stands could occur will be limited.
Aggradation Stage: 26-75 Years Post-Disturbance
By 26 years, regenerating trees should be well-established on cutblocks. The
adjacent forest will have either continued on its particular successional
trajectory or, may have been reset by harvesting or natural disturbance. There
are no studies of bird response to older edges in boreal forests, however, any
differences in vegetation structure at the edge are expected to diminish with
time. Differences between communities on either side of the edge are likely to
become increasing similar over time, more territories may straddle the edge
and, the cutblock community will shift towards species that live in forests.
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BIOTIC RESPONSES TO RIPARIAN BUFFER STRIPS
Upland vs. Riparian Forests

In studies of old growth aspen
stands in the western boreal
forest, many bird species were
found at higher abundances
adjacent to boreal lakes than
upland forests.

Similarly, in balsam-fir forests
in Quebec, richness, diversity
and abundance of birds was
higher in riparian forests than
in upland forests.

Differences in avian
communities between riparian
and upland forests have been
explained by differences in
vegetation structure and food
supply.

Avian communities in forests adjacent to waterbodies often differ from those
found in upland forests because riparian areas provide unique resources for
nesting and foraging habitats (Stauffer & Best 1980, Murray & Stauffer 1995,
Steel et al. 1999, Whitaker et al. 1999). In studies of old growth aspen stands
in the western boreal forest, many bird species were found at higher
abundances adjacent to boreal lakes than upland forests, including Common
Yellowthroat, Western Wood-peewee, Clay-coloured Sparrow, LeConte’s
Sparrow (Machtans 1996). Several species were only found within lakeside
forests53. Machtans (1996) characterised these species as associated with open
and/or riparian habitats. Overall, 25.8% more species inhabited lakeside
forests vs. upland forests. For most forest-dependent species, abundances
were similar in upland and riparian forests.
Within eastern boreal forests of Quebec, where forests are dominated by
balsam fir, species richness, diversity and abundance of birds were higher
within riparian forests than in upland forests (LaRue et al. 1995). Here, as in
the western boreal, there were species only found in riparian forests compared
with upland sites. Again these were species associated with aquatic habitats
(e.g. Northern Waterthrush, Red-winged Blackbird and Rusty Blackbird) and
with wet or open shrubby habitats (e.g. Common Yellowthroat, Eastern
Kingbird, Veery). Similarly in balsam fir forests in Newfoundland, there were
species unique to riparian habitats as compared with upland forest, including
Spotted Sandpiper, Belted Kingfisher, Black-and-white Warbler, Yellow
Warbler and Rusty Blackbird (Whitaker & Montevecchi 1997). Abundance of
Northern Waterthrush was also significantly higher in riparian forests than in
the uplands. Meanwhile, some species54 were highest in interior forests.
In these boreal studies, as well as many studies in other riparian systems (e.g.
Stauffer & Best 1980, Meiklejohn & Hughes 1999), differences in avian
communities at riparian forests from the upland forests were explained by
differences in vegetation structure, including the development of shrubby
margins (willow or alder) or sedge/reed/grass margins. The higher species
richness and abundances in riparian forests was maintained even when
analyses controlled for differences in vegetation (Machtans et al. 1996).
Whitaker et al. (1999) also demonstrated that higher abundances of insects,
especially large-bodied insects, were found within riparian forests and linked
this with higher abundances of insectivorous species, including the species
considered forest dependent in the western boreal such as Yellow-rumped
Warbler and Blackpoll Warbler.
Whitaker and Montevecchi (1997, 1999) point out the necessity to protect
forest habitat within the upland and within the riparian zone to protect forest
interior and riparian communities. This is a sensible course of action given
that their respective community structures are distinct.
53

Red-winged Blackbird, Lincoln’s Sparrow, Song Sparrow, Swamp Sparrow and Alder Flycatcher
Red-breasted Nuthatch, Black-throated Green Warbler, Ovenbird, Yellow-bellied Flycatcher and
Swainson’s Thrush
54
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Songbird Communities in Riparian Buffer Strips
The majority of research on riparian buffer strips and forest birds has focused
immediately post harvest and then is further divided by a focus on deciduous
forests in the western boreal and coniferous forests in the eastern boreal.
Currently, there is no research on avian response to burned riparian forests
and thus this subject will not be dealt with here.

Decreasing buffer widths in
aspen stands next to lakes can
have a negative effect on bird
communities, particularly at
the 20 m width.

Existing surveys of
reproductive activity tends to
confirm studies of pattern in
buffer strips.

In coniferous buffer strips in
Quebec, densities of birds
decreased over time. This
effect was exacerbated by
decreasing buffer width.

Buffer strips left around water courses can maintain forest species of birds. In
100 m deciduous buffer strips around lakes in boreal Alberta, songbird
communities showed no difference in species abundance, richness or turnover
between pre-cut and 1 year post-cut data (Machtans 1996). At the species
level, only Ovenbirds were affected: densities decreased and territory size
increased in the linear strips (Machtans 1996). In comparisons of 100, 200,
and 800 m buffer strips, where surveys focused in the forested portion of the
strip, decreasing buffer strip width did not affect songbird abundances at the
community level, nor did it affect abundances of forest species in 1 and 3
years post-harvest (Hannon et al. in prep.). Once buffer strips are reduced to
20 m, a dramatic crowding effect occurred. Although species richness
declined, abundances increased substantially in the 1st (220%) and 3rd (62%)
years post-harvest, relative to reference grids (Hannon et al. in prep.). Species
with large or specific territory requirements were lost55. Hannon et al. also
note that species with even larger territory requirements, such as Picoides
woodpeckers and raptors, will not be maintained in even 200 m buffer strips.
Thus, forest managers should not rely only on buffer strip to maintain upland
forest bird communities.
Using breeding evidence rather than density surveys provided similar
conclusions about buffer strip widths. In the 100 m strips, detailed studies of
Ovenbirds showed that territories shifted lakewards compared with those in
pre-cut sites and in 200 m strips; however, there was no effect on pairing
success (Lambert & Hannon 2000). Community level studies in the same
area, using spotmapping and playbacks to determine evidence of breeding,
showed breeding activity in 200, 100 and 20 m buffer strips (Hannon et al. in
prep.). However, within 20 m buffer strips, breeding activity was more often
detected for generalist or shrub nesting species, rather than forest species. Of
common forest species, only Yellow-rumped Warbler and Black-capped
Chickadee were observed breeding in 20 m strips. Other effects of buffer strip
width on reproductive success of these birds are, as yet, unknown.
In balsam fir dominated boreal forests in Quebec, after an initial crowding
effect in the first year post-cut, the density of songbird territories decreased in
buffer strips over time (Darveau et al. 1995). As buffer strip widths narrowed
from >300 m to 20 m, the rate of decrease in densities accelerated. Within 20
and 40 m widths, territories of forest-dwelling species declined over the 3
years post-harvest while generalist species (e.g. Lincoln’s Sparrow, Whitethroated Sparrow, Dark-eyed Junco) remained relatively stable. The 20 m
buffer strips were particularly detrimental to songbird communities where
species such as Golden-crowned Kinglets, Swainson’s Thrush, Blackpoll
55

Western Tanager, Ovenbird, Black-throated Green Warbler, Rose-breasted Grosbeak, and Swainson’s
Thrush
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Warblers and Black-throated Green Warblers were lost. In Newfoundland, the
creation of buffer strips (20-50 m) caused a turnover from forest species
towards generalist and open, shrub habitat species56. For some forest species57
and riparian species (e.g. Northern Waterthrush, Rusty Blackbird), buffer strip
width had no effect on abundance.

Artificial nest studies in
Quebec didn’t show an
increasing risk of predation
associated with decreasing
buffer width.

Forest buffer strips can have
an important role in
conserving landscape
connectivity.

The connectivity role of buffer
strips may decrease over time
for some, but not all, forest
bird species.

Artificial nest studies in Quebec did not show an increasing risk of predation
on artificial nests associated with decreasing buffer width (Darveau et al.
1997). Similar to literature on predation at forest edges, here, the lack of
predation associated with clearcut habitat was attributed to a forest-dominated
landscape. Darveau et al. (1997) make the excellent point that the
opportunistic predators often associated with forests in urban and agricultural
landscapes such as skunks, raccoons and crows are frequently the result of
human occupation and the food sources generated thereby. Therefore, we may
not expect elevated predation at riparian or clearcut edges as long as human
settlement does not expand within the boreal landscape.
Forested buffer strips around lakes may be important for conserving
landscape connectivity immediately post-harvest as they are used as
movement corridors by songbirds (Machtans et al. 1996, Robichaud et al. in
press). Both adult and juvenile birds moved through 100 m buffer strips
preferentially to adjacent clearcuts in boreal mixedwood forest. Furthermore,
birds are more likely to move near riparian edges than the clearcut edge
within forested buffer strips. Waterbodies tend to act as a barrier to movement
so birds are funnelled around them through riparian areas. Further, riparian
areas generally have high abundances of insects, thus they act as a good
source of insect prey (Jackson & Fisher 1986, Gray 1993, Whitaker et al.
1999).
As cleared forest adjacent to buffer strips begins to regenerate, buffer strips
may become less vital for movement of juvenile songbirds. Robichaud et al.
(in press) observed declining rates of movement in buffer strips and
increasing rates of movement within regenerating forest over a 4 year period
post-harvest. Movement in early successional forest by these post-fledgling
birds peaked in early August, even for some species associated with older
seral stages. Immediately post-fledging, juveniles may select densely
vegetated areas for protection from predation and possibly high food
availability (Anders et al. 1998, Pagen et al. 2000). Robichaud's result was
not consistent for all species, however, as Red-eyed Vireo, Philadelphia
Vireo, Red-breasted Nuthatch and Ovenbird still used the buffer strip as a
movement corridor and were not captured in the adjacent regeneration. For
these species, landscape connectivity could be disrupted through large-scale
industrial forest practices if connected patches of older mixedwood forest are
not maintained. Long-term effects of connectivity on songbird populations
through structures such as buffer strips have yet to be established.
56
Species such as Red-breasted Nuthatch, Black-throated Green Warbler, Black and White Warbler, Hairy
Woodpecker, Golden-crowned Kinglet, Pine Grosbeak, Swainson’s Thrush disappeared from the buffer,
while species such as Northern Flicker, White-throated Sparrows, American Robin, Magnolia Warbler,
Mourning Warbler, Dark-eyed Junco increased their abundances.
57
Yellow-bellied Flycatcher, Boreal Chickadee, Golden-crowned Kinglet, Winter Wren, Black-and-white
Warbler
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KEY FINDINGS AND MANAGEMENT IMPLICATIONS
Overall Patterns
Some species of boreal forest birds are present throughout most successional
stages following fire and harvest and no species are unique to one disturbance
type or one forest age. For many species however, there are clear peaks in
density within a specific disturbance type, stand age and vegetation
composition. Particularly important for forest management is the distinctive
difference between early post-fire and post-harvest communities. Early postfire habitats possess a unique bird community, i.e. a unique combination of
species and abundances, that cannot be emulated through harvesting.
Communities in burned and harvested stands tend to converge (as defined by
density and species composition measures) over time, particularly by 50-60
years post-disturbance. For forest birds, densities and species richness tends to
be highest at older seral stages for both conifer and deciduous stands.
The schematics below summarise how bird communities vary over time
following fire and harvesting.
Differences Immediately Post-Fire Versus Immediately Post-Harvest
Bird communities immediately post-fire differ greatly from those present
immediately post-harvest (Figures 9.1 and 9.2). Most of these differences
were due to differences in vegetation structure: burned stands were dominated
by many, large fire-killed trees while cutblocks had the large trees removed.
Ground vegetation also differed between post-fire and post-harvest stands –
fire-adapted herbs dominate early post-fire stands while shrubs, grasses and
herbs dominated cutblocks – and these differences may have influenced bird
communities. Post-fire bird communities were dominated by cavity nesting
species (particularly Black-backed Woodpecker, Three-toed Woodpecker,
Hairy Woodpecker, Mountain Bluebird), whereas post-harvest bird
communities were dominated by open country species.
Although controlled burning of cutblocks can make ground vegetation more
similar to post-fire conditions, it cannot create the high densities of burned
trees and snags that are key habitat for birds in early post-fire stands. As long
as natural fires remain on the landscape, these post-fire habitats will be
created naturally. To maintain post-fire bird communities, we recommend that
forest managers ensure adequate amounts of burned forests of all types are not
salvage-logged. At present the proportion and pattern of burned habitats that
needed to retain post-fire wildlife communities in the landscape is not known.
Convergence Between Post-Fire And Post-Harvest Stands During Mid
Seral Stages
By 11 years post-harvest, bird communities were more similar to those postfire than they had been immediately post-disturbance. Convergence continued
between 11 and 25 years post-disturbance, with few differences in bird
communities remaining by 30 years post-disturbance and very few differences
by 80 years post-disturbance (Figures 9.1 and 9.3). Convergence of bird
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communities probably was due to convergence of vegetation characteristics
between the disturbance types. Most fire killed trees fall during the first 30
years post-fire, and many new trees regenerate following both disturbance
types. Convergence of bird communities, however, was not complete, since
even by rotation age a few bird species differed in density between postharvest and post-fire stands (e.g. American Kestrel and Mountain Bluebird
were more common post-fire).

a. Fire with deciduous or mixedwood-conifer trajectory
Cavity
nesting
birds

Cavity
nesting
birds
Open country
birds

Birds associated with
shrubs and young forest
Birds associated with
mature forests
Birds associated with old
deciduous forests

Birds associated with old
mixedwood forests

Birds associated with old
white spruce forests

0

25

50

75

100

Time since disturbance
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Figure 9.1 A simplified series of schematics describing changes in bird communities over
time following a. fire, b. harvest, (with the fire trajectory shadowed in behind for comparison),
and c. the effects of retaining live residual trees shown by arrows. Bird species were
categorized by breeding habitat (Appendix 9.2). Arrows in figures a. and b. suggest the
possible trajectories through varying mixedwood and conifer states. In figure c. arrows suggest
how residuals can increase densities of species to levels similar to later seral stages.
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0-10 Years Post-Disturbance
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-1

0

1
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Correspondence Function 1
Figure 9.2 Correspondence analyses of bird communities 0-10 years post-fire and
post-harvest (see Appendix 9.1 for data set). (Within this, and the following CA’s:
each species density per 100 ha was included in the analyses so that information was
comparable among studies; rare species were down-weighted and tests were
conducted by coding groups using dummy variables and evaluating statistical
differences based on a Monte Carlo simulation with 999 iterations.) Post-fire bird
communities differed from those post-harvest (F = 4.72, p < 0.001).

The high degree of similarity between post-harvest and post-fire stands 11-80
years after disturbance suggests that creating cutblocks with low amounts
(<5%) of residual live trees may be a reasonably effective strategy for
managing birds during these seral stages. However, most post-fire studies of
birds were conducted in areas with few live residual trees. Presence of live
residuals is more variable after fires; between 0-90% of trees remain alive
(mean of 25%) (Smyth et al. subm.). To enhance this similarity, managers
may wish to retain similar amounts and patterns of live residual trees as are
found after fire (Hunter 1993). In managed landscapes where it is not possible
to retain this high amount of residual, or this level of variability across the
landscape, cutblocks may not support the types and diversity of bird
communities found post-fire. In these circumstances, management of forest
reserves and salvage harvest will play a critical role to maintain bird
communities not maintained within cutblocks.
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Live Residual Trees Make all Stands More Similar to “Old Forest”
Similarities between bird communities in harvested stands to those in old
forest increased as the amount of residual live trees increased, as patch size of
residual live trees in the harvest area increased, and, over time, as the new
cohort of trees grew around these residual trees (Figures 9.1 and 9.4). Large
patches of residual trees were necessary to achieve even modest similarity to
bird communities in old forest in harvest areas <30 years old, but small
patches achieved modest similarity to bird communities in old forest when
harvest areas were >60 years old.
With current rotation ages of 70-100 years, old forests will become less
common on the landbase. Consequently, the unique bird communities that

11-80 Years Post-Disturbance

Correspondence Function 2

2
1.5
Post-Fire

1

Post-Harvest

0.5
0
-0.5
-1
-1.5
-2

-1

0

1

2

Correspondence Function 1
Figure 9.3 Correspondence analyses of bird communities 11-80 years post-fire and
11-80 years post-harvest. Post-fire bird communities differed from those post-harvest
(F = 1.93, p < 0.01), but there was a great deal of overlap between disturbance types.
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Figure 9.4 Correspondence analyses of bird communities within 11-80 year old
stands post-harvest as compared to those bird communities within continuous forests
(aspen dominated, mixedwood, and white spruce dominated) >125 years old. Harvest
areas were categorized based on amount of live residual trees that were present.
Although there was extensive overlap, bird communities differed among residual
categories (F = 2.02, p = 0.02). In addition, all residual categories differed from bird
communities found in old forest (F = 4.53, p < 0.01).

live in old forests are of concern in managed landscapes. Retaining live
residual trees in cutblocks may allow some birds that are typically found at
their highest densities in older forest to exist in harvested areas. However, at
all ages, residual tree patches need to be greater that 10 ha to have bird
communities that are similar to those in continuous old forest. Species that
require large areas for foraging such as many forest-dwelling raptors, will
require even larger areas. Even in large residual patches, reproductive success
of birds may be lower than in old forest.
Although managers may wish to create old-growth forest characteristics in
some cutblocks, that management strategy probably is not desirable for all
cutblocks. A trade-off exists between managing cutblocks for post-fire
patterns and managing the same cutblocks for old forest characteristics.
Management for old forest characteristics entails retaining more residual
trees, and larger patches of residual trees than management to emulate for
post-fire attributes. However, since the current percentage of merchantable
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trees retained within managed landscapes is less (usually much less) than that
found after fire, managers are unlikely to be successful at retaining the
complete array of old forest characteristics in block anyway. Old growth may
be most effectively managed at the landscape scale where some very large
patches (these will maintain bird communities) can be retained. The minimum
amount of old forest needed to manage wildlife populations within
landscapes, and the optimum spatial distribution of these old forest
characteristics for wildlife, are not known at present. Those relationships will
need to be determined in the future.
Bird Communities Differ Among Old Deciduous, Mixedwood, and White
Spruce Stands
Next to stand age and structure, species composition of forests has the largest
impact on the density and composition of songbird communities.
Mixedwoods (deciduous and coniferous mix) possess a unique community
structure from that found in either deciduous or white spruce stands. Along
with variation in the compositional gradient, there is also regional and
structural variation. Representative habitats that can maintain the complete
spectrum of compositions and structures of tree species should be maintained
to protect these communities.
Bird Communities are Unlikely to Experience Edge Effects in Forests
Adjacent to Wildlife or Harvests
Songbird communities respond strongly to structural changes in their habitat,
particularly within the understorey layer. Within the forest-dominated
landscape of the boreal zone, structural changes in understorey at forest edges
are limited, probably by the rapid regeneration of adjacent cutblocks that limit
insolation differences at the edge. Accordingly, there are few differences in
songbird communities in forests next to edges versus the interior of the forest
in the boreal. Our conclusions are based mainly on densities rather than
reproductive success information and appropriate caution should be applied
until further evidence is gathered.
Riparian Areas Support Unique Bird Communities
Avian communities in riparian areas are distinct from those found in upland
forests. The wet and shrubby habitats found in riparian areas are used by some
species almost exclusively (Red-winged Blackbird, Northern Waterthrush,
and Rusty Blackbird), or preferentially (Common Yellowthroat, Eastern
Kingbird). Riparian areas are used by a host of aquatic species that have
generally not been well-surveyed in boreal forests such as Spotted Sandpiper,
Great Blue Heron, White Pelican and Belted Kingfisher.
Maintenance of bird communities within buffer-strips is primarily limited by
the need for sufficient area for territories. Most forest species are lost when
buffers are 20 m wide or less. Birds with large territories (~5 ha), such as
Rose-breasted Grosbeak and Western Tanager may need buffers greater than
100 m. For some woodpeckers, even 200 m buffers will not be wide enough.
Thus, buffer strips cannot be relied upon to maintain all communities of
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upland forest species unless they are part of a larger reserve system. Buffer
strips in riparian areas facilitate both adult and juvenile movement in the first
2 years post-harvest. For many - but not all - species, this effect declines
rapidly with regeneration of trees within the adjacent cutblocks. Therefore,
buffer strips may be important for maintaining landscape connectivity.
POTENTIAL STRATEGY TO MANAGE BIRD COMMUNITIES
Below, we outline one potential strategy to manage for bird communities
based on our conclusions. We emphasise that this is one of many potential
strategies and it is designed with bird communities as its primary focus. The
strategy attempts to address key management issues that have large effects on
bird habitat, namely (1) burned forests, (2) retention of live trees (within
cutblocks, as larger patches for old growth forest, and within riparian areas)
and (3) mixedwood gradient. This potential management strategy is focussed
at the landscape scale (here defined as an area of 50-100 townships or
500,000-1,000,000 ha) because not all structures, or habitats can, or need to
be, maintained in every hectare within managed landscapes. Rather the intent
is to maintain sufficient habitat structures, vegetation types, seral stages and
patterns of within managed landscapes to maintain all biota (Urban et al.
1987, Angermeier 2000). The potential strategy outlined here is a “best guess”
and will need to be tested in an adaptive management framework (see below
and Chapter 12).
1. Importance of burned forests: Bird communities in early post-fire
habitats are unique. It is not possible to create these habitats post-harvest, and
consequently, we recommend excluding a portion of burned landscapes from
salvage logging. With a fire cycle of approximately 100 years (range 50-200
years; Murphy 1985, Cumming 1997, Armstrong 1999) on average 10% of a
landscape would be composed of burned forest that is <10 years old.
Although untested, we recommend that forest managers be opportunistic, and
where possible retain approximately 3% of each landscape as burnt forest that
is not salvaged. This would involve conducting salvage operations only when
the threshold of >3% of the merchantable landscape is burned. In addition,
within areas that are salvaged logged, abundant standing trees and snags
should be retained. This could be accomplished, by not salvaging trees that
are alive post-fire and by retaining the lowest quality dead trees, and some of
the high quality dead trees, within the salvage blocks.
2. Retention of live trees: Live residual trees within cutblocks can be
effective to make harvest areas more similar to burnt areas and to retain old
forest bird species within cutblocks. In addition, residual live trees in riparian
areas may help to retain the unique bird communities that are found in oldgrowth forests. These conclusions suggest that some merchantable trees
should be excluded from harvesting, for at least one rotation. Specifically, we
recommend retaining 20-30% of the merchantable trees across a landscape.
This level of retained trees matches that found as unburned live residual
within aspen/white spruce polygons following fire in the boreal forest of
Alberta (Smyth et al. subm.). However, this is less than the amount of old
forest that occurs within boreal forest landscapes. We suggest that the live
residual trees be allocated as follows:
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i) one-third of all residuals (i.e. 7-10% of all merchantable trees) should be
retained as large leave areas or reserves of 10-1000 ha between
cutblocks;
ii) one-third of all residuals (i.e. 7-10% of all merchantable trees) should be
retained as riparian buffer zones – these could be combined with large
reserves from (i) to create large leave areas located at stream/stream or
stream/lake junctions; and,
iii) one-third of all residuals (i.e. 7-10% of all merchantable trees) should be
retained within cutblocks. The majority of these trees should be left in
patches >5 ha but up to a third could be left as single trees or smaller
patches distributed throughout a cutblock.
3. Mixedwood gradient: Bird communities respond to the species
composition of forest stands. Within the mixedwood boreal forest, tree
species composition and abundance varies on a gradient from pure aspen
through mixedwood to pure white spruce stands. In contrast, most cutblocks
in Alberta are managed to regenerate pure aspen or pure white spruce, with
the latter often receiving site preparation and re-planting. We recommend that
all retention of live trees be managed to encompass the range of variability
found in natural mixedwood stands. Within cutblocks, retention of
merchantable trees should focus on both aspen and white spruce, to maintain
the contribution of these species to bird community structure. Within riparian
buffers and leave areas, the composition of retained live trees should be
similar to the composition that was present prior to harvest. Similarly, within
salvaged areas, composition of live residual trees should resemble that present
prior to burning, and as many dead trees as possible of all species left
standing.
The activity of fire can be variable and we recommend maintaining as much
of this variability as possible in managed landscapes by creating a range of
patterns of retention within cutblocks, and also by creating variability in
patterns among landscapes. We recognise that the above strategy was not
explicitly designed to incorporate the broader ecological, social, cultural and
economic goals for which many forest managers must be accountable.
However, we offer this strategy as an initial, perhaps provocative, method to
maintain native forest birds (and perhaps many other native biota) within
managed landscapes.
We stress that the ecological effectiveness of the above strategy has not been
evaluated. As such, the strategy should be treated as a hypothesis and its
implementation should occur within an active adaptive management
framework where other management strategies are also implemented so that
the relative values of each can be tested (see Chapter 12). Only by learning
from these management experiments will we be able to assess the
effectiveness of our activities and develop better strategies over time (Holling
1978, Walters 1986, Lindenmayner et al. 2000). Active adaptive management
that is coupled with an effective broad-scale long-term ecological monitoring
program will be necessary to facilitate learning. Industry, government, and the
academic community have initiated development a monitoring program for
the forested region of Alberta (Alberta Forest Biodiversity Monitoring
Program http://www.fmf.ab.ca/bm/bm.html), and it may be appropriate to use

ALBERTA RESEARCH COUNCIL

9-44

BOREAL BIRDS

the AFBMP as a basis for monitoring the effectiveness of the proposed
strategy.
SUMMARY OF RESEARCH GAPS
Research about the ecological response of boreal birds to wildlife and
harvesting practices are lacking in the following areas:
•
•
•
•
•
•
•
•
•

demographic information such as reproductive success to support
conclusions based on studies of density and pattern
data on riparian systems associated with streams and creeks
representative habitats used by boreal birds. Information is lacking for
boreal bird use of habitats outside of aspen-dominated stands,
particularly white spruce, black spruce, and wetland areas.
additional research on wildfire, particularly burned forest edges, burned
riparian areas and sustainable salvage logging levels
data on raptors, shorebirds and species using riparian shorelines
research on thresholds of habitat suitability, particularly for burned and
harvested stands throughout the mixedwood gradient
seasonality of habitat use
longer term research that can capture system variability
data for sensitive, rare and/or hard-to-survey species

ACKNOWLEDGEMENTS
Special thanks to C. Gray, P. Soldan, D. McKinnon and K. Sturgess for their
help in the research and preparation of this chapter. We thank S.J. Hannon, K.
Hobson, C.S. Machtans, F.K.A. Schmiegelow, C. Stambaugh, and D.
Stepnisky for generously providing additional data. E. Dzus, C. Found, and K.
Hobson provided thoughtful comments that greatly improved the reading of
this chapter.
REFERENCES
Anders, A.D., J. Faaborg and F.R. Thompson III. 1998. Post-fledgling
dispersal, habitat use and home range size of juvenile wood thrushes. Auk
115(2):349-358.
Anderson, S.H., K. Mann and H.H. Shugart, Jr. 1977. The effect of
transmission-line corridors on bird populations. American Midland
Naturalist 97:216-221.
Andrén, H. 1992. Corvid density and nest predation in relation to forest
fragmentation: A landscape perspective. Ecology 73:794-804.
Angermeier, P.L. 2000. The natural imperative for biological conservation.
Conservation Biology 14:373-381.
Annand, E.M. and F.R. Thompson 1997. Forest bird response to regeneration
practices in central hardwood forests. Journal of Wildlife Management
61(1):159-171.
Armstrong, G.W. 1999. A stochastic characterization of the natural
disturbance regime of the boreal mixedwood forest with implications for

ALBERTA RESEARCH COUNCIL

9-45

BOREAL BIRDS

sustainable forest management. Canadian Journal of Forest Resources.
29:424-433.
Bayne, E.M. and K.A. Hobson. 1997. Comparing the effects of landscape
fragmentation by forestry ad agriculture on predation of artificial nests.
Conservation Biology 11:1418-1429.
Beese, W.J. and A.A. Bryant. 1999. Effect of alternative silvicultural systems
on vegetation and bird communities in coastal montane forests of British
Columbia, Canada. Forest Ecology and Management 115:231-242.
Bennett, S. 1992. Wildlife use of stubs. Reference # 811-99. BC Ministry of
Environment, Lands, and Parks – Fish and Wildlife Branch, Penticton,
BC.
Bock, C.E. and J.H. Bock. 1974. On the geographical ecology and evolution
of the Three-toed woodpeckers, Picoides tridactylis and P. arcticus.
American Midland Naturalist 92:397-405.
Brothers, T.S. and A. Spingarn. 1992. Forest fragmentation and alien plant
invasion of central Indiana old-growth forests. Conservation Biology
6:91-100
Cameron, R. 1996. Wildlife use of cavity tree clumps in clearcuts. Canadian
Forest Service – Atlantic, Nova Scotia District Office, R&D Report No.
13, Fredericton, NB.
Chambers, C.L., W.C. McComb and J.C. Tappeiner II. 1999. Breeding bird
responses to three silvicultural treatments in the Oregon coast range.
Ecological Applications 9:171-185.
Chen, J., J.F. Franklin and T.A. Spies. 1995. Growing-season microclimate
gradients from clearcut edges into old-growth Douglas-fir forests.
Ecological Applications 5:74-86.
Christian, D.P., J.J. Hanowski, M. Reuvers-House, G.J. Niemi, J.G. Blake and
W.E. Berguson. 1996. Effects of mechanical strip thinning of aspen on
small mammals and breeding birds in northern Minnesota, U.S.A.
Canadian Journal of Forestry Research 26:1284-1294.
Cotterill, S.E. 1996. Effect of clearcutting on artificial egg predation in boreal
mixedwood forests in North-central Alberta. M.Sc. Thesis. University of
Alberta, Edmonton, AB.
Cotterill, S.E. and S.J. Hannon. 1999. No evidence of short-term effects of
clearcutting on artificial nest predation in boreal mixedwood forests.
Canadian Journal of Forest Research 29:1900-1910.
Crites, S. 1998. A comparison of early successional plant communities
following fire and harvesting in mixedwood stands of Alberta. Pages 8183 in G. R. Wagner and D. G. Thompson, editors. Third international
conference on forest vegetation management: popular summaries. Ontario
Ministry of Natural Resources, Ontario Forest Research Institute, Forest
Research Information Paper No. 141.
Crites, S. and S. Hanus. 2001. Succession of herbaceous, shrub, and tree
communities following combined treatments of fire and harvesting.
Alberta Research Council Inc. Vegreville, AB
Cumming, S.G. 1997. Landscape dynamics of the boreal mixedwood forest.
Ph.D. dissertation. Department of Forest Science, University of British
Columbia. Vancouver, B.C.
Darveau, M., P. Beauchesne, L. Bélanger, J. Huot and P. LaRue. 1995.
Riparian forest strips as habitat for breeding birds in boreal forest. Journal
of Wildlife Management 59:67-78.

ALBERTA RESEARCH COUNCIL

9-46

BOREAL BIRDS

Darveau, M., L. Bélanget, J. Huot, É. Mélançon and S. DeBellefeuille. 1997.
Forestry practices and the risk of bird nest predation in a boreal
coniferous forest. Ecological Applications 7:572-580.
DellaSala, D.A. and D.L. Rabe. 1987. Response of Least Flycatcher
Empidonax minimus to forest disturbances. Biological Conservation
41:291-299.
Delong, S.C. and D. Tanner. 1996. Managing the pattern of forest harvest:
lessons from wildfire. Biodiversity and Conservation 5:1191-1205.
Desrochers, A. and M.J. Fortin. 2000. Understanding avian responses to forest
boundaries: a case study with chickadee winter flocks. OIKOS 91:376384.
Dickson, J.G., R.N. Conner and J.H. Williamson. 1983. Snag retention
increases bird use of a clear-cut. Journal of Wildlife Management
47(3):799-804.
Eberhardt, L.L. and J.M. Thomas. 1991. Designing environmental field
studies. Ecological Monographs 6:53-73.
Eberhart, K.E. and P.M Woodard. 1987. Distribution of residual vegetation
associated with large fires in Alberta. Canadian Journal of Forest
Research 17:1207-1212.
Erskine, A.J. 1977. Birds in boreal Canada: communities, densities and
adaptations. Canadian Wildlife Service Report Series No. 41, Ottawa,
ON.
Farr, D.R. 1995. Forest birds and ecosystem conservation in the Rocky
Mountain Foothills of Alberta. Ph.D. Thesis. Department of Renewable
Resources, University of Alberta. Edmonton, AB.
Finch, D.M. and R.T. Reynolds. 1987. Bird response to understory variation
and conifer succession in aspen forests. Proceedings of a National
Symposium, Colorado Springs, CO. November 2-4, 1987.
Flack, J.A.D. 1976. Bird populations of aspen forests in western North
America. Ornithological Monographs No. 19 American Ornithologists’
Union.
Flaspohler, D.J., S.A. Temple and R.N. Rosenfield. 2001. Effects of forest
edges on ovenbird demography in a managed forest landscape.
Conservation Biology 15:173-183.
Francis, J. and K. Lumbis. 1979. Habitat relationships and management of
terrestrial birds in northeastern Alberta. Alberta Oil Sands Environmental
Research Program Project LS 2 2.11.
Franklin, J.F., D.R. Berg, D.A. Thornburg and J.C. Tappeiner. 1997.
Alternative silvicultural approaches to timber harvesting: Variable
retention harvest systems. Pages 113-149 in K.A. Kohm and J.F. Franklin,
editors. Creating a forestry for the 21st century. The science of ecosystem
management. Island Press, Washington, DC.
Fraver, S. 1994. Vegetation responses along edge-to-interior gradients in the
mixed hardwood forests of the Roanoke River basin, North Carolina.
Conservation Biology 8:822-832.
Freedman, B., C. Beauchamp, I.A. McLaren and S.I. Tingley. 1981. Forestry
management practices and populations of breeding birds in a hardwood
forest in Nova Scotia. Canadian Field-Naturalist 95:307-311.
Gates, J.E. and L.W. Gysel. 1978. Avian nest dispersion and fledging success
in field-forest ecotones. Ecology 59:871-883.

ALBERTA RESEARCH COUNCIL

9-47

BOREAL BIRDS

Gibbs, J.P. and J. Faaborg. 1990. Estimating the viability of Ovenbird and
Kentucky Warbler populations in forest fragments. Conservation Biology
4:193-196.
Gray, L.J. 1993. Response of insectivorous birds to emerging aquatic insects
in riparian habitats of a tall grass prairie stream. American Midland
Naturalist 129:288-300.
Gustafson, M.E., J. Hildebrand and L. Metras. 1997. The North American
Bird Banding Manual (Electronic Version) Version 1.0.
www.pwrc.usgs.gov/bbl/manual/aspeclst.htm#w [accessed 11 Mar 2002].
Gyug, L.W. 1997. Donna Creek Forestry/Biodiversity Project: Breeding bird
point counts 1995 and 1996. Peace/Williston Fish and Wildlife
Compensation Program report No.129.
Gyug, L.W. and K. Summers. 1995. Donna Creek Forestry/Biodiversity
Project: Preliminary breeding bird surveys 1993. Peace/Williston Fish and
Wildlife Compensation Program report No.41.
Hagen, J.M., P.S. McKinley, A.L. Meehan and S.L. Grove. 1997. Diversity
and abundance in a northeastern industrial forest. Journal of Wildlife
Management 61:718-735.
Hannah, K.C. 2000. Patterns in habitat quality for the White-throated Sparrow
(Zonotrichia albicollis) in a recently logged landscape. M.Sc. thesis,
Department of Renewable Resources, University of Alberta, Edmonton, AB.
Hannah, K.C. in press. The Status of the Brown Creeper in Alberta. Alberta
Sustainable Resource Development, Fisheries and Wildlife Management
Division, and Alberta Conservation Association, Wildlife Status Report,
Edmonton, AB.
Hannon, S.J. and S.E. Cotterill. 1998. Nest predation in aspen woodlots in an
agricultural area in Alberta: The enemy from within. Auk 115:16-25.
Hannon, S.J., C.A. Paszkowski, S. Boutin, J. DeGroot, S.E. MacDonald, M.
Wheatley and B.R. Eaton. in prep. Influence of varying riparian
bufferstrip widths on abundance and species composition of amphibians,
small mammals and songbirds in the boreal mixedwood forest of Alberta.
Hansen, A.J., S.L. Garman, J.F. Weigand, D.L. Urban and M.G. Raphael.
1995a. Alternative silviculture regimes in the pacific northwest:
simulations of ecological and economic effects. Ecological Applications
5:535-554.
Hansen, A.J., W.C. McComb, R. Vega, M.G. Raphael and M. Hunter. 1995b.
Bird habitat relationships in natural and managed forests in the west
cascades of Oregon. Ecological Applications 5(3):555-569.
Hansen, A.J., T.A. Spies, F.J. Swanson and J.L. Ohmann. 1991. Conserving
biodiversity in managed forests. BioScience 41:382-392.
Hanski, I.K., T.J. Fenske and G.J. Niemi. 1996. Lack of edge effect in nesting
success of breeding birds in managed forest landscapes. Auk 113:578585.
Hansson, L. 1983. Bird numbers across edges between mature conifer forest
and clearcuts in Central Sweden. Ornis Scandinavia 14:97-103.
Harper, K.A. 1999. Variability in forest structure and composition along
edge-to-interior gradients from lakeshore and clearcut edges and in
riparian buffers in the aspen-dominated mixedwood boreal forest. Ph.D.
Thesis, University of Alberta, Edmonton, AB.

ALBERTA RESEARCH COUNCIL

9-48

BOREAL BIRDS

Helle, E. and P. Helle 1982. Edge effect on forest bird densities on offshore
islands in the northern Gulf of Bothnia. Annals Zoologica Fennici 19:165169.
Helle, P. 1985. Effects of forest fragmentation on bird densities in northern
boreal forests. Ornis Fennica 62:35-41.
Hobson, K.A. 1994. Progress report for Canadian Wildlife Service forest bird
program 1993. Canadian Wildlife Service, Saskatoon, SK.
Hobson, K.A. and E. Bayne 2000. Breeding bird communities in boreal forest
of Western Canada: Consequences of "unmixing" the mixedwoods.
Condor 102:759-769.
Hobson, K.A. and J. Schieck. 1999. Changes in bird communities in boreal
mixedwood forests: harvest and wildfire effects over 30 years. Ecological
Applications 9:849-863.
Holling, C.S. 1978. Adaptive environmental assessment and management.
John Wiley & Sons, New York, N.Y.
Hoyt, J. 2000. Habitat associations of black-backed Picoides arcticus and
three-toed P. tridactylus woodpeckers in the northeastern boreal forest of
Alberta. M.Sc. thesis. Department of Biological Sciences, University of
Alberta, Edmonton, AB.
Hunter, M.L. 1993. Natural fire regimes as spatial models for managing
boreal forests. Biological Conservation 65:115-120.
Hutto, R.L. 1995. Composition of bird communities following standreplacement fires in northern Rocky Mountain (U.S.A.) conifer forests.
Conservation Biology 9:1041-1058.
Jackson, J.K. and S.G. Fisher. 1986. Secondary production, emergence, and
export of aquatic insects of a Sonoran Desert Stream. Ecology 67:629638.
Johnston, V.R. 1947. Breeding birds of the forest edge in Illinois. Condor
49:45-53.
Joy, J. and R. van den Driessche. 1998. Donna Creek Forestry/Biodiversity
Project: Habitat use of cavity nesting birds in the Donna Creek study area,
1995. Peace/Williston fish and Wildlife Compensation Program Report
No. 54.
Karr, J.R. 1968. Habitat and avian diversity on strip-mined land in east-central
Illinois. Condor 70:348-357.
Kelsall, J.P., E.S. Telfer and T.D. Wright. 1977. The effects of fire on the
ecology of the boreal forest, with particular reference to the Canadian
north: A review and selected bibliography. Canadian Wildlife Service.
Occasional Paper. No. 32.
Kirk, D.A., A.W. Diamond, K.A. Hobson and A.R. Smith. 1996. Breeding
bird communities of the western and northern Canadian boreal forest:
relationship to forest type. Canadian Journal of Zoology 74:1749-1770.
Kirk, D.A., A.W. Diamond, A.R. Smith, G.E. Holland and P. Chytyk. 1997.
Population changes in boreal forest birds in Saskatchewan and Manitoba.
The Wilson Bulletin 109(1):1-27.
Kroodsma, R.L. 1984. Effect of edge on breeding forest bird species. Wilson
Bulletin 96:426-436.
Lambert, F.R., 1992. The consequences of selective logging for Bornean
lowland forest birds. Philosophical Transactions. Royal Society of
London. Series B. Biological Sciences 335:443-457.

ALBERTA RESEARCH COUNCIL

9-49

BOREAL BIRDS

Lambert, J.D. 1998. Ovenbirds (Seiurus aurocapillus) in riparian buffer strips:
short-term response to upland timber logging in Alberta’s boreal mixedwood forest. M.Sc. Thesis, Department of Biological Sciences, University
of Alberta, Edmonton, AB.
Lambert, J.D. and S.J. Hannon, 2000. Short-term effects of timber harvest on
abundance, territory characteristics, and pairing success of Ovenbirds in
riparian buffer strips. Auk 117:687-698.
Lance, A.N. and M. Phinney. 2001. Bird responses to partial retention timber
harvesting in central interial British Columbia. Forest Ecology and
Management 142:267-280.
LaRue, P., L. Belanger, and J. Huot. 1995. Riparian edge effects on boreal
balsam fir bird communities. Canadian Journal of Forest Research
25:555-566.
Laurance, W.F. 1991. Predicting the impacts of edge effects in fragmented
habitats. Biological Conservation 55:77-92.
Lay, D.W. 1938. How valuable are woodland clearings to wildlife? Wilson
Bulletin 50:254-256.
Lee, P.C. 1998. Dynamics of snags in aspen-dominated midboreal forests.
Forest Ecology and Management 105:263-272.
Leopold, A. 1933. Game Management. Charles Scribner's Sons, New York.
Lindenmayer, D.B. and J.F. Franklin. 1997. Managing stand structure as part
of ecologically sustainable forest management in Australian mountain ash
forests. Conservation Biology 11:1053-1068.
Lindenmayer, D.B., C.R. Margules and D.B. Botkin. 2000. Indicator of
biodiversity for ecologically sustainable forest management. Conservation
Biology. 14:941-950.
MacArthur, R.H. and J.W. MacArthur. 1961. On bird species diversity.
Ecology 42(3):594-598.
Machtans, C.S. 1996. Riparian buffer strips: their values as habitat and
movement corridors for songbirds in the boreal mixedwood forest of
Alberta. M.Sc. Thesis, University of Alberta, Edmonton, AB.
Machtans, C.S. and P. Latour. Submitted. Boreal forest songbird communities
of the Liard Valley, Northwest Territories. Submitted. to Condor, January
7, 2002.
Machtans, C.S., M.A. Villard and S.J. Hannon 1996. Use of riparian buffer
strips as movement corridors by forest birds. Conservation Biology
10(5):1366-1379.
MacKenzie, K., and D. Steventon, 1996. Bird use in a patch retention
treatment in SBSmc Forests. Extension Note # PR-16, BC Ministry of
Forests, Prince Rupert, BC.
Martin, N.D. 1960. An analysis of bird populations in relation to forest
succession in Algonquin Provincial Park, Ontario. Ecology 41(1):126140.
McCallum, C.A. and S.J. Hannon. 2001. Accipiter predation of American
Redstart nestlings. Condor 103(1):192-194.
McGarigal, K. and W.C. McComb. 1995. Relationships between landscape
structure and breeding birds in the Oregon coast range. Ecological
Monographs 65:235-260.
Meiklejohn, B.A. and J.W. Hughes. 1999. Bird communities in riparian buffer
strips of industrial forests. American Midland Naturalist 141: 172-184.

ALBERTA RESEARCH COUNCIL

9-50

BOREAL BIRDS

Merkens, M. and B.P. Booth. 1998. Monitoring changes in wildlife diversity
during operational hardwood harvesting. Aspen clearcutting in the
Dawson Creek forest district (1992-1997). PAW Research Services
Burnaby, BC.
Merrill, S.B., F.J. Cuthbert and G. Oehlert. 1998. Residual tree density
patches and their contribution to forest-bird diversity on Northern
Minnesota aspen clearcuts. Conservation Biology 12:190-199.
Møller, A.P. 1987. Egg predation as a selective factor for nest design: an
experiment. Oikos 50:91-94.
Morgan, K. and B. Freedman. 1986. Breeding bird communities in a
hardwood forest succession in Nova Scotia. Canadian Field-Naturalist
100(4):506-519.
Morgan, K.A. and J.E. Gates. 1982. Bird population patterns in forest edge
and strip vegetation at Remington Farms, Maryland. Journal of Wildlife
Management 46:933-944.
Murphy, E.C. and W.A. Lehnhausen. 1998. Density and foraging ecology of
woodpeckers following a stand-replacement fire. Journal of Wildlife
Management 62:1359-1372.
Murphy, P.J. 1985. Methods for evaluating the effects of fire management in
Alberta. Ph.D. dissertation. Department of Forestry, University of British
Columbia. Vancouver, B.C.
Murray, N.L. and D.F. Stauffer. 1995. Non-game bird use of habitat in
Central Appalachian riparian forests. Journal of Wildlife Management
59:78-88.
Norton, M.R. and S.J. Hannon. 1997. Songbird response to partial-cut logging
in the boreal mixedwood forest of Alberta. Canadian Journal of Forest
Research 27:44-53.
Pagan, R.W., F.R. Thompson III and D.E. Burhans. 2000. Breeding and postbreeding habitat use by forest migrant songbirds in the Missouri Ozarks.
Condor 102:738-747.
Parker, G.R., D.G. Kimball and B. Dalzell, 1994. Bird communities breeding
in selected spruce and pine plantations in New Brunswick. Canadian
Field-Naturalist 108(1):1-9.
Parker, K.R., W.B. Kessler and D.R. Seip. 1997. Ecological significance of
remnant patches within sub-boreal spruce plateau landscapes: Diversity,
abundance, and habitat relationships of forest birds and mammals. Yearend report, May 1997. Science Council of British Columbia.
Peterson, E.B. and N.M. Peterson. 1992. Ecology, management, and use of
aspen and balsam poplar in the prairie provinces. Forestry Canada,
Special Report 1, Edmonton, AB.
Pojar, R.A. 1995. Breeding bird communities in aspen forests of the subboreal spruce (dk subzone) in the Prince Rupert Forest Region. Land
Management Handbook 33, Ministry of Forests, Victoria, BC.
Rangen, S.A. 2000. Boreal forest songbird diversity and reproductive success:
roles of vegetation, predators, and competitors. Ph.D. Thesis. University
of Saskatchewan, Saskatoon, SK.
Ranney, J.W., M.C. Bruner and J.B. Levenson. 1981. The importance of edge
in the structure and dynamics of forest islands. Pages 67-96 in R. L.
Burgess, and D. M. Sharpe, editors. Forest island dynamics in mandominated landscapes. Springer-Verlag, New York, NY.

ALBERTA RESEARCH COUNCIL

9-51

BOREAL BIRDS

Raphael, M.G. and M. White. 1984. Use of snags by cavity-nesting birds in
the Sierra Nevada. Wildlife Monograph 86:1-66.
Raphael, M.G., M.L. Morrison and M.P. Yoder-Williams. 1987. Breeding
bird populations during twenty-five years of postfire succession in the
Sierra Nevada. Condor 89:614-626.
Recher, H.F. 1969. Bird species diversity and habitat diversity in Australia
and North America. American Naturalist 103:75-80.
Robichaud, I., M.A. Villard and C.S. Machtans. in press. Effects of forest
regeneration on songbird movements in a managed forest landscape.
Landscape Ecology.
Saunders, D.A., R.J. Hobbs and C.R. Margules. 1991. Biological
consequences of ecosystem fragmentation: a review. Conservation
Biology 5:18-32.
Schieck, J. 2000. Variation in bird communities in relation to the number and
size of residual tree patches in cutblocks. Pages 96-121 in J. Schieck, S.
Bradbury, S. Crites, L. Marinelli, T. Sorensen, C. Gray and D. McKinnon,
editors, Biodiversity in cutblocks with few large versus many small
residual patches of trees and snags. Alberta Research Council Inc.
Vegreville, AB.
Schieck, J., M. Nietfeld and J.B. Stelfox. 1995. Differences in bird species
richness and abundance among three successional stages of aspen
dominated boreal forests. Canadian Journal of Zoology 73:1417-1431.
Schieck, J. and K.A. Hobson 2000. Bird communities associated with live
residual tree patches within cut blocks and burned habitat in mixedwood
boreal forests. Canadian Journal of Forest Research 30:1281-1295.
Schieck, J., K. Stuart-Smith and M. Norton. 2000. Bird communities are
affected by amount and dispersion of vegetation retained in mixedwood
boreal forest harvest areas. Forest Ecology and Management 126:239254.
Schmiegelow, F.K. 1997. The effect of experimental fragmentation on bird
community dynamics in the boreal mixedwood forest. Ph.D. Thesis.
Department of Zoology, University of British Columbia, Vancouver, BC.
Schmiegelow, F.K.A. and S.J. Hannon. 1993. Adaptive management, adaptive
science and the effects of forest fragmentation on boreal birds in northern
Alberta. Transactions. 58th North American Wildlife and Natural
Resources Conference: 584-598.
Schmiegelow, F.K.A., C.S. Machtans and S.J. Hannon. 1997. Are boreal birds
resilient to forest fragmentation? An experimental study of short-term
community responses. Ecology 78(6):1914-1932.
Schulte, L.A. and G.J. Niemi. 1998. Bird communities of early-successional
burned and logged forest. Journal of Wildlife Management 62:1418-1429.
Seip, D. and K. Parker. 1997. Use of wildlife tree patches by forest birds in
the sub-boreal spruce (SBS) zone. Extension Note # PG-08, Ministry of
Forests, Prince George, BC.
Short, L.L. 1982. Woodpeckers of the world. Monograph Series no. 4.
Delaware Museum of Natural History. Foris Publ., Cinnaminson, NJ.
Smyth, C., J. Schieck, and S. Wasel. Submitted. Pattern of live trees in
mixedwoods stands after fire. Submitted to Canadian Journal of Forest
research. Submitted March 2002.
Song, S.J. 1998. Effects of natural and anthropogenic forest edge on songbirds
breeding in the boreal mixed-wood forest of northern Alberta. Ph.D.

ALBERTA RESEARCH COUNCIL

9-52

BOREAL BIRDS

Thesis. Department of Biological Sciences, University of Alberta,
Edmonton, AB.
Song, S.J. 2001. Effect of understorey protection on boreal songbirds. Pages
47-57 in S. Bradbury, P. Lee, S.J. Song, L. Wilkinson, C. Gray, D.
McKinnon and K. Sturgess, editors, Mixedwood stand biodiversity: The
influence of understorey protection harvesting on forest structure and
biodiversity in Alberta boreal mixedwood stands. Alberta Research
Council Inc. Vegreville, AB.
Song, S.J. and S. J. Hannon. 1999. Predation in heterogeneous forests: A
comparison at natural and anthropogenic edges. Écoscience 6:521-530.
Spindler, M.A. and B. Kessel. 1980. Avian populations and habitat use in
interior Alaska taiga. Syesis 13:61-104.
Stauffer, D.F. and L.B. Best. 1980. Habitat selection by birds of riparian
communities: evaluating effects of habitat alterations. Journal of Wildlife
Management 44:1-15.
Steel, E.A., R.J. Naiman and S.D. West. 1999. Use of wood debris piles by
birds and small mammals in a riparian corridor. Northwest Science 73:1926.
Steventon, J.D., K.L. MacKenzie and T.E. Mahon. 1998. Response of small
mammals and birds to partial cutting and clearcutting in northwestern
British Columbia. Forestry Chronicle 74:703-713.
Strelke, W.K. and J.G. Dickson. 1980. Effect of forest clear-cut edge on
breeding birds in east Texas. Journal of Wildlife Management 44:559567.
Szaro, R.C. and R.P. Balda. 1979. Effects of logging ponderosa pine on nongame bird populations. USDA Forest Service Research Paper RM-212.
Taylor, R.J. and M.E. Haseler. 1995. Effects of partial logging systems on
bird assemblages in Tasmania. Forest Ecology and Management 72:131149.
Theberge, J.B. 1976. Bird populations in the Kluane Mountains, southwest
Yukon, with special reference to vegetation and fire. Canadian Journal of
Zoology 54:1346-1356.
Titterington, R.W., H.S. Crawford, B.N. Burgason. 1979. Songbird responses
to commercial clear-cutting in Maine spruce-fir forests. Journal of
Wildlife Management 43(3):602-608.
Tittler, R. 1998. Effects of residual tree retention on breeding songbirds in
Alberta’s boreal mixed-wood forest. M.Sc. Thesis Department of
Biological Sciences, University of Alberta, Edmonton, AB.
Tittler, R. and S.J. Hannon. 2000. Nest predation in and adjacent to cutblocks
with variable tree retention. Forest Ecology and Management 136:147157.
Tittler, R., M. Norton and S.J. Hannon. 2001. Residual tree retention
ameliorates negative effects of clearcutting some boreal songbirds.
Ecological Applications 11(6):1656-1666.
Urban, D.L., R.V. O’Neill and H.H. Shugart. 1987. Landscape ecology: a
hierarchical perspective can help scientists understand spatial patterns.
BioScience 37:119-127.
Van Horn, M.A., R.M. Gentry and J. Faaborg. 1995. Patterns of Ovenbird
(Seiurus aurocapillus) pairing success in Missouri forest tracks. Auk
112:98-106.

ALBERTA RESEARCH COUNCIL

9-53

BOREAL BIRDS

Van Wilgenburg, S.L., D.F. Mazerolle and K.A. Hobson. 2001. Patterns of
arthropod abundance, vegetation, and microclimate at boreal forest edge
and interior in two landscapes: implications for forest birds. Écoscience
8(4): 454-461.
Verbisky, L. and A. Sykes. 1999. Effects of natural and clearcut disturbances
on small mammal and bird diversity in conifer-dominated boreal forests.
Final Report to Manning Diversified Forest Products Research Trust Fund
MDFP7/95, October 1999.
Villard M-A. 1998. On forest-interior species, edge avoidance, area
sensitivity, and dogmas in avian conservation. Auk 115:801-805.
Walters, C. 1986. Adaptive management of renewable resources. Macmillan,
New York, N.Y.
Webb, D.L, D.F. Behrend and R. Saisorn. 1977. Effect of logging on songbird
populations in a northern hardwood forest. Wildlife Monographs 55:5-35.
Welsh, D.A. 1981. Impact on bird populations of harvesting the boreal
mixedwood forest. Pages 155-167 in R.D. Whitney and K.M. McClain, cochairmen. Boreal Mixedwood Symposium. Canada-Ontario Joint Forestry
Research Committee. Thunder Bay, ON. 16-18 September, 1980.
Welsh, D.A. 1987. The influence of forest harvesting on mixed coniferousdeciduous boreal bird communities in Ontario, Canada. Acta Oecologica
8(2):247-252.
Welsh, D.A. and S.C. Lougheed. 1996. Relationships of bird community
structure and species distributions to two environmental gradients in the
northern boreal forest. Ecography 19:194-208.
Westworth, D.A., L.M. Brusnyk and G.R. Burns. 1984. Impact on wildlife of
short-rotation management of boreal aspen stands. D. A. Westworth and
Associates Ltd. Edmonton, AB.
Westworth, D.A. and E.S. Telfer. 1993. Summer and winter bird populations
associated with five age classes of aspen in Alberta. Canadian Journal of
Forest Research 23:1830-1836.
Whitaker, D.M., A.L. Carroll and W.A. Montevecchi. 1999. Elevated
numbers of flying insects and insectivorous birds in riparian buffer strips.
Canadian Journal of Zoology 78:740-747.
Whitaker, D.M. and W.A. Montevecchi. 1997. Breeding bird assemblages
associated with riparian, interior forest, and non-riparian edge habitats in
a balsam fir ecosystem. Canadian Journal of Forest Research 27:11591167.
Whitaker, D.M. and W.A. Montevecchi. 1999. Breeding bird assemblages
inhabiting riparian buffer strips in Newfoundland, Canada. Journal of
Wildlife Management 63:167-179.
Willson, M.F. 1974. Avian community organization and habitat structure.
Ecology 55:1017-1029.

ALBERTA RESEARCH COUNCIL

9-54

BOREAL BIRDS

APPENDIX 9.1
Summary of boreal bird response to wildfire and harvest stands of different age, tree
composition and amount of residual, based on survey of studies conducted in boreal forests in North America. (All
measurements are standardised to number of birds/100 ha.)

FOOTNOTES FOR APPENDIX 9.1
1.

Residual size refers to the amount of residual left after disturbance and it may also include relative patch size
(only noted for residual specific studies).

2.

Forest type refers to the dominant forest type found post-disturbance. Codes used were: Aw – Trembling aspen,
Sw – White spruce, Sb – Black spruce, Pl – lodgepole pine, Fb – Balsam fir, Pb – Balsam poplar, Bw – White
birch, Mr – red maple, Le – Eastern larch (Tamarack), Ab – Black ash, Sh – hybrid spruce, Co - conifer.

3.

Sampling intensity refers to the total number of minutes spent surveying the sample area and calculated for each
treatment. (n/a - not enough information was provided).

4.

Total area surveyed was calculated as the survey area (ha) for each sample point or transect area based on
sampling method used in each study, e.g. 50 m point count = 0.8 ha.

5.

Use in analysis refers to whether or not studies were used in an analysis presented in Figures 9.2- 9.4.

6.

Data on species from American Bittern to Belted Kingfisher are highly variable as studies listed here were not
designed to survey these species.

7.

Species codes used in this table as well as common names of birds were taken from Gustafson et al. 1997.

8.

For transect surveys, an assumption of walking speed of 10 min/100 m was used unless otherwise stated.

9.

A 10 minute point count was assumed for the calculation sampling intensity.

10. Eight spotmap visits during the summer were assumed. P indicates the presence of a species whose territory was
not mapped.
11. There were 4-6 stations in each block; we used the average, 5, to calculate total area surveyed and sampling
intensity.
12. Hobson & Bayne unpubl. And Hobson 1994 used unlimited distance point count. To calculate total area
surveyed, we used point count of 150 m radius.
13. The terms ‘mature’, ‘med-mature’ were not adequately defined in text to describe further.
14. Only data from Terrestrial and Aquatic Environmental Managers Ltd. for Weyerhaeuser (TAEM) Candle and
Whiteswan Lakes, SK were used. 10 min/ha was assumed to calculate sampling intensity of spotmapping.
15. Number of stands for each age group was interpolated from published graph.
16. Seral stage IV was defined as increased density of hardwood regen >4.5 m tall and trees with dbh 10-15 cm.
Seral stage V was defined as dense softwood overstorey and open forest floor.
17. Exact age of stands was not defined in original publication. We categorized stands as “mature” based on habitat
variables for the conifer plots (Pojar 1995).
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Original forest type and disturbance
Age category

Aspen harvest
0-10 yrs

Author(s)

Hobson & Schieck
1999

Schieck et al. 2000

Schieck et al. 2000

Tittler et al. 2001

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Calling Lake,
AB

Lac La Biche,
AB

Calling Lake,
AB

Calling Lake,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

3% - small

3% - small

3% - medium

1996

1994/95

1995

1998/99

1999

1998/99

Residual size [1]

2-46%

Year Surveyed

1995

1998/99

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

1 yr

1 yr

1 yr

1 yr

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

Sampling method

transect [8]/point

point count

point count

point count

point count

point count

transect

point count

Sampling intensity (min.) [3]

1800

2190

600

780

1680

840

1600

840

Total area surveyed (ha) [4]

30

226

124

122.5

17

17

40

17

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Species
Code[7]

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)

AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
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<2
<2
7
<1

<1
<5
7

<1

<1

<5

<2

12

<5

<2

<5

<2

6

<2

14
8

<1

7

<1

<5

<1

10
7

<1
<1
<1

1
<1
<1
<1

20

1

<1
<1

<5

<2
<2
6

5

<5

<5
6

3
7

10

<1
<1
13
3

2
2

1
2

17

1
1

1

<1

1

5
6

<5

7

<5

<2

13

<5

<2

<1

<1
<1
3

2
2
6

<5

<2

<1

1

9-56

<5

5

<5

3

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
0-10 yrs

Author(s)

Hobson & Schieck
1999

Schieck et al. 2000

Schieck et al. 2000

Tittler et al. 2001

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Calling Lake,
AB

Lac La Biche,
AB

Calling Lake,
AB

Calling Lake,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

3% - small

3% - small

3% - medium

1996

1994/95

1995

1998/99

1999

1998/99

Residual size [1]

2-46%

Year Surveyed

1995

1998/99

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

1 yr

1 yr

1 yr

1 yr

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

Sampling method

transect [8]/point

point count

point count

point count

point count

point count

transect

point count

Sampling intensity (min.) [3]

1800

2190

600

780

1680

840

1600

840

Total area surveyed (ha) [4]

30

226

124

122.5

17

17

40

17

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

7

<1
<1

<1
2

2
5

12

14

<2
17

12

4
<1

<1
<1

<2

<5

6

<5

<2

8

4
2

2
<1
5
8

13
18

6

3
5
<2

10

<1

2

6

<5

<2

<5

Species
Code[7]

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR
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10

3
33

<1

10

4

<1
3
<1
<1

<2

5

21

<1

2

<1
1

1
5

<5

<2
<2

10

25

<5

3

12

6

5

<5

60

3
7

27

<1

3
3

<1
<1

1

4
3

27
3

13
<1

12
<1

32
2

<5

<2

8

<5

<5
<1

37

<5

<5
3

<5

<5

8

16

6

10

14

<5
<5

10
117
3
113

2
2

<1
7

3
14

60

50

49

52

26

20

63

44

73

44

99

30

3

1

3

46

22

15

34

1

1

<5

<5

13

<1
<1
17

<1
<1

9-57

<5

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
0-10 yrs

Author(s)

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Residual size [1]

3% - medium

3% - large

3% - large

Year Surveyed

1999

1998/99

1999

Schieck et al. 2000 Song unpubl.
Calling Lake,
AB

Calling Lake,
AB

1996/97

1995/96

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schulte &
Neimi 1998 [9]

Calling Lake,
AB

Slave Lake,
AB

Tower,
MN

small patch

large patch

1997/99

1997/98

1994/1995
Mr/Co/Aw

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

2 yrs

2 yrs

2-3 yrs

Sampling method

transect

point count

transect

transect/point

spotmap

point count

point count

point count

Sampling intensity (min.) [3]

1600

520

1600

2400

990

480

80

1380

Total area surveyed (ha) [4]

40

92

40

30

7

9.6

2.4

71.3

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

2

1

2

2

<2
3

2
7

4

6

4

3

3

7

3

4

8

18

5
<2

42
<5
7

3

3

13

<2
<2

<2

20

3

6
3

<5
75

<2
5

8

12
2
3

2

7

3

20
2

6
19
<1

37
94

32

7
20
26

2
2
8
<2

<2

3
<1

3

2
27

<1
3

<5

<2

2
20

1
3

13

2
<5

21
11

10

7
2
5
3
5
6

2
<1
10
<2
<2

10

<2

9-58

1

5

21
2

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
0-10 yrs

Author(s)

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

Residual size [1]

3% - medium

3% - large

3% - large

Year Surveyed

1999

1998/99

1999

Schieck et al. 2000 Song unpubl.
Calling Lake,
AB

Calling Lake,
AB

1996/97

1995/96

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schulte &
Neimi 1998 [9]

Calling Lake,
AB

Slave Lake,
AB

Tower,
MN

small patch

large patch

1997/99

1997/98

1994/1995
Mr/Co/Aw

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

2 yrs

2 yrs

2-3 yrs

Sampling method

transect

point count

transect

transect/point

spotmap

point count

point count

point count

Sampling intensity (min.) [3]

1600

520

1600

2400

990

480

80

1380

Total area surveyed (ha) [4]

40

92

40

30

7

9.6

2.4

71.3

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

No

10

16
78

5

7

3

11

2
46

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

<2

3

52
<5
13
13
<5

7
<2

5

16

3

39

<2

3

5
5

52

14
1
25

54
79

3
26

63
95

3

1

35

11

<2

4

18

32

11

<2
6
<2

13
20
10

7

13

5
3

20

<2
6

<5

59

20

48

130

17

39
7

<2

6
12
3

<2

50
11
7
41

56

18

7
10

154
6
231
3

42
<2
<2
<2

4

<2
<2

37

3

<1
1

3
<2

12
5

4
18

38

53
<2
39

2
2
52
<1
70

22

7

11
32

11
11

19

11
42

217

32
12
5
22
13

67

21
11
32

21

7
12
10

66

92

3
37

11

53

53

188
11
15
188

11

<5
<5

2
15

7

<5

4

9-59

2
44
9

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
11-25 yrs

0-10 yrs
Westworth et al. 1984 Merkens & Booth
Tittler et al. 2001
[10]
1998 [11]

Author(s)

Location of study

Calling Lake,
AB

Residual size [1]

2-46%

Year Surveyed

1997

Merkens & Booth
1998

Pojar 1995

Pojar 1995

Pojar 1995

Pojar 1995

Rocky Mountain
House, AB

Dawson Creek,
BC

Dawson Creek,
BC

Smithers,
BC

Smithers,
BC

Smithers,
BC

Smithers,
BC

1981/82

1992-97

1992-97

1991/92

1991/92

1991/92

1991/92

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

3 yrs

0-3 yrs

1-3 yrs

3-6 yrs

4-6 yrs

5-7 yrs

7-23 yrs

8-24 yrs

Sampling method

point count

spotmap

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1080

2230

1000

300

1440

1440

1440

1440

Total area surveyed (ha) [4]

170

17.4

200

60

16

16

16

16

Use In Analyses [5]

Yes

No

No

No

No

No

No

No

53

52

9

9

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

P

4

4
6
6
22
7

6
P
6

19
4
4

P
11

13

P

10

15
14

3

40
11

117
78
71

9

5

4

12

4

4

118
15

114
52

130

216

195

14

57

15

14

40
4

4

5
3

1

47

28

39

6
4
1

20

9-60

39

61

129

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
11-25 yrs

0-10 yrs
Westworth et al. 1984 Merkens & Booth
Tittler et al. 2001
[10]
1998 [11]

Author(s)

Location of study

Calling Lake,
AB

Residual size [1]

2-46%

Year Surveyed

1997

Merkens & Booth
1998

Pojar 1995

Pojar 1995

Pojar 1995

Pojar 1995

Rocky Mountain
House, AB

Dawson Creek,
BC

Dawson Creek,
BC

Smithers,
BC

Smithers,
BC

Smithers,
BC

Smithers,
BC

1981/82

1992-97

1992-97

1991/92

1991/92

1991/92

1991/92

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

3 yrs

0-3 yrs

1-3 yrs

3-6 yrs

4-6 yrs

5-7 yrs

7-23 yrs

8-24 yrs

Sampling method

point count

spotmap

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1080

2230

1000

300

1440

1440

1440

1440

Total area surveyed (ha) [4]

170

17.4

200

60

16

16

16

16

Use In Analyses [5]

Yes

No

No

No

No

No

No

No

13

34

159

65

4
79

87

14

62

34

43

148

117

97

190

4
123

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

7

1
9
2
3
8
10

22
9
57

11

20

130

11

2

11
67

11

78

9

10

70

68

63

135

103

2

1
2
3
13
48

20

18

2

7

55

146

6.5

2
14

97

188

0

21

9

53

49

33

43

4

8

19
9
27

12

16

15
11
13
1

6
27

21
2

12

4
32
5
56

4

27

177

207

6

105

112

3

4

123
41

51
35

20
51

4
51

37

43

21

17

37
230

19
221

55
152

8
151

119
232

88
209

68
104
32

94

69
4

28

87
112
9

14

109

93

14

42
P

9-61

49

4

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
11-25 yrs
26-75 yrs

Author(s)

Christian et al.
1996

Location of study

northern MN

Hobson & Schieck Schieck & Hobson Schieck & Hobson
1999
unpubl.
unpubl.
Slave Lake, AB

Residual size [1]
Year Surveyed

1990

1996

Slave Lake, AB

Slave Lake, AB

small patch

large patch

1997/98

1997/98

Hobson & Bayne
2000

Christian et al.
1996

Hobson & Schieck
1999

Prince Albert, SK

northern MN

Slave Lake, AB

1993-94

1990

1996

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

10-12 yrs

14 yrs

15 yrs

15 yrs

15-25 yrs

16-21 yrs

28 yrs

Sampling method

point count

transect/point

point count

point count

point count

point count

transect/point

Sampling intensity (min.) [3]

260

1800

360

200

1160

320

1800

Total area surveyed (ha) [4]

40

30

7.2

4

206

50

30

Use In Analyses [5]

No

Yes

Yes

Yes

Yes

No

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

3

1

37

14

3

4

32

3

<1

37

3
2

10
3
3

4

2

13
<1

6

17
10

<1

7

<1

7

6

3

<1

3
<1

20
10

7

1
2

1

7
10

4
7

6
13

3
70

25

32

13

7
<1

<1
1

10

5

17
33

2
<1

20

<1

7

4
10

6

9-62

2

17

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen harvest
11-25 yrs
26-75 yrs

Author(s)

Christian et al.
1996

Location of study

northern MN

Hobson & Schieck Schieck & Hobson Schieck & Hobson
1999
unpubl.
unpubl.

Slave Lake, AB

Residual size [1]
Year Surveyed

1990

1996

Slave Lake, AB

Slave Lake, AB

small patch

large patch

1997/98

1997/98

Hobson & Bayne
2000

Christian et al.
1996

Hobson & Schieck
1999

Prince Albert, SK

northern MN

Slave Lake, AB

1993-94

1990

1996

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

10-12 yrs

14 yrs

15 yrs

15 yrs

15-25 yrs

16-21 yrs

28 yrs

Sampling method

point count

transect/point

point count

point count

point count

point count

transect/point

Sampling intensity (min.) [3]

260

1800

360

200

1160

320

1800

Total area surveyed (ha) [4]

40

30

7.2

4

206

50

30

Use In Analyses [5]

No

Yes

Yes

Yes

Yes

No

Yes

17

11
4

6

9

<1
<1

10
10

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

1

3

1

7
3

6

4

3
13
57
153
10

7
67
56

19
63
76

30

11

57

7
6

<1
23
12
<1
<1

25

63

2
7

8
<1
<1
23

5

7
3
57
100

5
3
3

2

17

<1

<1

11
99
91

51
89

3

37
80
13

5

3
37

18

44

1

13

3

<1
2

<1
2
7

37
120
73

5
2

1

3
37

19

3

20

46

19

1
1

43

25

38

4

7

4

2
9
34

<1
2

3
<1

3
20
7
123

53
7
13
10

<1
6
42

38

3
<1
16

<1
80

13

13

1

<1
<1

<1

3

10

1
1
1

9-63

3

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
0-10 yrs

Author(s)

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Hobson & Schieck
1999

Schulte &
Neimi1998

Stambaugh &
Schmiegelow
unpubl.

Location of study

Slave Lake, AB

Slave Lake, AB

Alder Flats, AB

Alder Flats, AB

Mariana Lake, AB

Tower, MN

Chip Lake, AB

Residual size [1]

small patch

large patch

small patch

large patch

Year Surveyed

1997/98

1997/98

1997/98

1997/98

1996

1994/95

1999-2001

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Fb/Mr/Le, Ab,Aw

Aw

Age

30 yrs

30 yrs

60 yrs

60 yrs

1 yr

2-3 yrs

1-3 yrs

Sampling method

point count

point count

point count

point count

transect/point

point count

point count

Sampling intensity (min.) [3]

360

200

320

80

1800

1380

1820

Total area surveyed (ha) [4]

7.2

4

6.4

1.6

30

71.3

44

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

2
2

2
5

3

5

20
21

3

3

3
7

17

<1

2

5
3
38
4

4

13

6
16

3
30
7
23
13
3

3
7
10

27
2

6
44

13
46
28

16

10
2
12
4
2
10
2
20
17
18

2
11
4

7
10

13

4

8
8
13

32
16
32
48

6

10
13
3
23
13

4

95

10
11
8
2
22
5
3
13
43
5
57
2

10

20
5
29
<1
18
26
2
16
7

14
3
24
4

38

9-64

32

32

19

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
0-10 yrs

Author(s)

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Schieck & Hobson
unpubl.

Hobson & Schieck
1999

Schulte &
Neimi1998

Stambaugh &
Schmiegelow
unpubl.

Location of study

Slave Lake, AB

Slave Lake, AB

Alder Flats, AB

Alder Flats, AB

Mariana Lake, AB

Tower, MN

Chip Lake, AB

Residual size [1]

small patch

large patch

small patch

large patch

Year Surveyed

1997/98

1997/98

1997/98

1997/98

1996

1994/95

1999-2001

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Fb/Mr/Le, Ab,Aw

Aw

Age

30 yrs

30 yrs

60 yrs

60 yrs

1 yr

2-3 yrs

1-3 yrs

Sampling method

point count

point count

point count

point count

transect/point

point count

point count

Sampling intensity (min.) [3]

360

200

320

80

1800

1380

1820

Total area surveyed (ha) [4]

7.2

4

6.4

1.6

30

71.3

44

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

7
7

19

7
10

11
47

1
21

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

8

3
2
4

31
3

4
42
39

13

48

16

19
89

48
8

16

28

4
12
5
2
3.5
16

100
4

12

5
171
3

19
0

4

70

48

48

32

16

79

28
84
91

13
38
38

4
55

7

6
19

12

39

57

32

13

4

39

137

8

21

14

12

48
3
3

16
16

12

51

28

13

16

10

16

107

11

5
4

180

2
55

182

28

9
7

3
3
5
14

15
1

3

4

221
33
40
180

<1
46

10

74

5

12
5

46

7

6
4

2
6
19

9-65

2
42
2

34
<1

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
11-25 yrs
Westworth et al.
1984
Rocky Mountain
House, AB

Author(s)
Location of study

Westworth et al.
1984
Rocky Mountain
House, AB

Schieck &
Hobson unpubl.
Red Earth, AB

Red Earth, AB

small patch

large patch

1997/98

1997/98

Residual size [1]
Year Surveyed

1981/82

Schieck &
Hobson & Bayne
Hobson unpubl.
unpubl. [12]

1981(winter)

Hobson 1994

Aspen fire
26-75 yrs
Schieck et al.
1995

Prince Albert, SK Prince Albert, SK Lac La Biche, AB

1993-94

1993

1992/93

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

14 yrs

14 yrs

15 yrs

15 yrs

15-25 yrs

23 yrs

27 yrs

Sampling method

spotmap

spotmap

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1560

500

240

320

1360

1120

1440

Total area surveyed (ha) [4]

13.2

6.3

4.8

6.4

241

99

74.4

Use In Analyses [5]

No

No

Yes

Yes

Yes

Yes

Yes

8

14

10

5

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

2

5
P

8

26

P
P

3

4

<1

P

5
10

6

8
12
20

4

11
5

P

6
1

1
2

1

<1
<1
<1

<1
6

2

63

<1
<1

4

2

1

2

17
178

<1

37
4

5
<1
<1

6
4
12

8
8

<1
<1
2

4
21

9
6

4
12

5

4
1

4
<1
<1

16
4
P

3

P

6

11

9-66

17

6

4

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
11-25 yrs

Author(s)

Westworth et al.
1984

Westworth et al.
1984

Schieck &
Hobson unpubl.

Location of study

Rocky Mountain
House, AB

Rocky Mountain
House, AB

Red Earth, AB

Red Earth, AB

small patch

large patch

1997/98

1997/98

Residual size [1]
Year Surveyed

1981/82

1981(winter)

Schieck &
Hobson & Bayne
Hobson unpubl.
unpubl. [12]

Hobson 1994

Aspen fire
26-75 yrs
Schieck et al.
1995

Prince Albert, SK Prince Albert, SK Lac La Biche, AB

1993-94

1993

1992/93

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

14 yrs

14 yrs

15 yrs

15 yrs

15-25 yrs

23 yrs

27 yrs

Sampling method

spotmap

spotmap

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1560

500

240

320

1360

1120

1440

Total area surveyed (ha) [4]

13.2

6.3

4.8

6.4

241

99

74.4

Use In Analyses [5]

No

No

Yes

Yes

Yes

Yes

Yes

19

22

19

4
3

2

4
<1

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

3
6

5

P

26
11
42
37
26

43
29
9
57
6

4
8
67
32

<1
47
34
2
2

60
23
2

20
11

8

5

40

1
34
3
<1
<1

3
6
<1

4
2
2
2

<1

<1
<1

29
46

21
5

12
8
24

3
7
60

4
6
68

6
<1
68

37

32

17
3

2

17

24
5
<1

2
8
16
4

23
9
17

11

77
17
P
P
6
6

5
8
<1

16
5
74

16

21

4
8

20
9
6

<1

<1

24

7

48
<1

5

2

<1
<1
10
20

9-67

3
<1
3

1
1
2

2

BOREAL BIRDS
Original forest type and disturbance
Age category
Author(s)

Hobson &
Schieck 1999

Schieck &
Hobson unpubl.

Schieck &
Hobson unpubl.

Location of study

Slave Lake, AB

Slave Lake, AB

Slave Lake, AB

small patch

large patch

1997/98

1997/98

Residual size [1]
Year Surveyed

1996

Westworth et al.
1984
Rocky Mountain
House, AB

Westworth et al.
1984
Rocky Mountain
House, AB

Pojar 1995

Pojar 1995

Smithers, BC

Smithers, BC

1981/82

1981(winter)

1991/92

1991/92

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

28 yrs

30 yrs

30 yrs

30-33 yrs

30-33 yrs

50-60 yrs

51-61 yrs

Sampling method

transect/point

point count

point count

spotmap

spotmap

point count

point count

Sampling intensity (min.) [3]

1800

280

200

3800

950

3024

3024

Total area surveyed (ha) [4]

30

5.6

4

35.7

11.9

34

34

Use In Analyses [5]

Yes

Yes

Yes

No

No

No

No

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

3

4
3

23

P

5

6

P

3

57

22

P

3

3

6
13
19

7

17

<1
<1

6

50

32

13
3
7

13
14

3
4

5
2

70

66

181

171

200

208

103

69

20

18

6
3
<1
3

13
60

6

7

17

13

4

8
39

38
3

17
4

5

2

32
6

17

13

9-68

13

25

18

113

91

BOREAL BIRDS
Original forest type and disturbance
Age category
Author(s)

Hobson &
Schieck 1999

Schieck &
Hobson unpubl.

Schieck &
Hobson unpubl.

Westworth et al.
1984

Westworth et al.
1984

Pojar 1995

Pojar 1995

Location of study

Slave Lake, AB

Slave Lake, AB

Slave Lake, AB

Rocky Mountain
House, AB

Rocky Mountain
House, AB

Smithers, BC

Smithers, BC

small patch

large patch

1997/98

1997/98

1981/82

1981(winter)

1991/92

1991/92

Residual size [1]
Year Surveyed

1996

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

28 yrs

30 yrs

30 yrs

30-33 yrs

30-33 yrs

50-60 yrs

51-61 yrs

Sampling method

transect/point

point count

point count

spotmap

spotmap

point count

point count

Sampling intensity (min.) [3]

1800

280

200

3800

950

3024

3024

Total area surveyed (ha) [4]

30

5.6

4

35.7

11.9

34

34

Use In Analyses [5]

Yes

Yes

Yes

No

No

No

No

4
1

47
146

42
96
12

6

P

20
12

16

6

7

204

180

13
57

34
32
P

44

38

81

83

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

23
17

10
50
190

5
63
45

7
7

50

13

14

7

82

204
61

38

P

6

203
20

2
23
7
93

77

25

14
11
66

20
17

18
5

38
32

4
23

277

276

24

19

90

78

16

88

44

17

8
9

5
6

154
12

146

140

114

33

6

9

21

10
13

13
6

18

27

6

9
23
1

2
7
147

14

95

3

33
11

P

67

18

9-69

BOREAL BIRDS
Age category

26-75 yrs
Hobson & Bayne
2000

Author(s)
Location of study

Machtans &
Latour subm.

Prince Albert, SK Liard Valley, NWT

Pojar 1995

Pojar 1995

Smithers, BC

Smithers, BC

Schieck et al.
1995

Schieck &
Hobson unpubl.

Schieck &
Hobson unpubl.

Lac La Biche, AB Slave Lake, AB

Slave Lake, AB

Residual size [1]
Year Surveyed

1993/94

1998-2000

1991/92

1991/92

1992/93

small patch

large patch

1997/98

1997/98

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

50-60 yrs

50 yrs

50-60 yrs

50-60 yrs

60 yrs

60 yrs

60 yrs

Sampling method

point count

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1560

180

792

792

1440

8800

120

Total area surveyed (ha) [4]

277

2.3

9

9

74.4

8

2.4

Use In Analyses [5]

Yes

Yes

No

No

Yes

Yes

Yes

58

8

<1

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

2

3

<1

1
<1

21
16
16

16
16

<1
1

29
21

21

120

77

231

173

297

234

2
<1

<1

70
1
4

2
<1

28

41

10

<1
3
<1

8

13

<1
2
141

98

3

120

74

<1

21
<1
1
<1

3

8

21

93

6
6

104
8

37
48

138
16

9-70

3
6

13
3
3
3

32

3

11

6

32

BOREAL BIRDS
Age category

26-75 yrs
Hobson & Bayne
2000

Author(s)
Location of study

Machtans &
Latour subm.

Prince Albert, SK Liard Valley, NWT

Pojar 1995

Pojar 1995

Smithers, BC

Smithers, BC

Schieck et al.
1995

Schieck &
Hobson unpubl.

Schieck &
Hobson unpubl.

Lac La Biche, AB Slave Lake, AB

Slave Lake, AB

Residual size [1]
Year Surveyed

1993/94

1998-2000

1991/92

1991/92

1992/93

small patch

large patch

1997/98

1997/98

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

50-60 yrs

50 yrs

50-60 yrs

50-60 yrs

60 yrs

60 yrs

60 yrs

Sampling method

point count

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1560

180

792

792

1440

8800

120

Total area surveyed (ha) [4]

277

2.3

9

9

74.4

8

2.4

Use In Analyses [5]

Yes

Yes

No

No

Yes

Yes

Yes

2

8

173

157

16

32
16

<1
<1

6

2
41
<1

10
6
41

11
53

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

4
<1

2
26
11
<1

21
8
84
98
8

9
2

84

4

35

157

204

8

64

181

173

16

8

<1

239
58

231
32

5

25

32

<1

3

42

<1
<1
88

6
92

63

13
5

35
6

<1
<1
1

6

1

55

19
53

84
104
41

327

289

32

40

7
5
135

112

58

114

16

37

3
5

8

4

28

21

63

21

<1

3
3

24

44

35
43
37

<1
19
186
8

151

<1

1

127

85

<1

<1

29

50

<1

21

21

7

55
2
<1
4

32

9-71

53
21

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
26-75 yrs
Westworth et al.
1984
Rocky Mountain
House, AB

Author(s)
Location of study

Westworth et al.
1984
Hobson 1994
Rocky Mountain
House, AB
Prince Albert, SK

Erskine 1977
MB/SK

Erskine 1977

Aspen fire
76-125 yrs
Hobson & Bayne Merkens & Booth
unpubl.
1998

Fort Nelson, BC Prince Albert, SK

Chetwynd, BC

Residual size [1]
Year Surveyed

1981/82

1981(winter)

1993

1972/73

1974

1993/94

1992-97

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

60-63 yrs

60-63 yrs

50-80 yrs

mature [14]

mature

50-85 yrs

60-100 yrs

Sampling method

spotmap

spotmap

point count

spotmap

spotmap

point count

point count

Sampling intensity (min.) [3]

2860

952

3200

n/a

5 plots

1840

2200

Total area surveyed (ha) [4]

23.8

11.9

284

32

80

327

440

Use In Analyses [5]

No

No

Yes

No

No

Yes

No

P

<1

<1

4

4

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

<1

3
<1

P
P

8
2
3

38

1

P

1

1

<1
<1

<1
<1

<1
3
4

20

3

17

8

<1
<1

2
4

<1
<1

192

10

3

13

<1
4
3
<1
1
3
1

3
34
2

6
<1

2

2

6

9-72

4

1

6

24

<1
4
2
<1
4

5

11
6

20

7

153

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
26-75 yrs
Westworth et al.
1984
Rocky Mountain
House, AB

Author(s)
Location of study

Westworth et al.
1984
Hobson 1994
Rocky Mountain
House, AB
Prince Albert, SK

Erskine 1977
MB/SK

Erskine 1977

Aspen fire
76-125 yrs
Hobson & Bayne Merkens & Booth
unpubl.
1998

Fort Nelson, BC Prince Albert, SK

Chetwynd, BC

Residual size [1]
Year Surveyed

1981/82

1981(winter)

1993

1972/73

1974

1993/94

1992-97

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

60-63 yrs

60-63 yrs

50-80 yrs

mature [14]

mature

50-85 yrs

60-100 yrs

Sampling method

spotmap

spotmap

point count

spotmap

spotmap

point count

point count

Sampling intensity (min.) [3]

2860

952

3200

n/a

5 plots

1840

2200

Total area surveyed (ha) [4]

23.8

11.9

284

32

80

327

440

Use In Analyses [5]

No

No

Yes

No

No

Yes

No

12
3

1
3

7

13
2

24

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

P

2
<1

2
<1

7
30
45
1

3
42
7

7
76
26
1

19
6

7
1

18

5

1

5

2

9

5

17
3

2
42
7

43
34
62
20
2
95

8

6

2
14
17
37

2
42
84

P
30

9
7

17
6
<1
77
2

2
14
66
66

3
12
32

2
42
84

<1

14
7

1
6

3

3

6

3
6

9

4

5

7

39

3

18

12

3

<1
60

15

29

1

11

91
97
5

26
32

28
162

10

6
<1

P

3

6

3

3
<1

49
2
<1
1

3

9-73

2
<1
1

45

BOREAL BIRDS
Original forest type and disturbance
Age category
Westworth et al.
Hobson & Bayne
1984
Song unpubl.
2000
Rocky Mountain
House, AB
Calling Lake, AB Prince Albert, SK

Author(s)
Location of study

Stambaugh &
Schmiegelow
unpubl.
Chip Lake, AB

Schieck &
Hobson unpubl.

Machtans &
Latour subm.

1997/98

1998-2000

Schieck 2000
Grande Prairie,
Slave Lake, AB Liard Valley, NWT
AB

Residual size [1]
Year Surveyed

1981/82

1995/96

1993/94

1999-2001

1997

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

80+ yrs

80 yrs

80-110 yrs

>100 yrs

>100 yrs

109 yrs

100 yrs

Sampling method

spotmap

spotmap

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1900

7020

1480

1820

1480

840

4800

Total area surveyed (ha) [4]

11.9

56

263

44

30

10.9

120

Use In Analyses [5]

No

Yes

Yes

No

Yes

Yes

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

1
1
1
<1
1
4

3

2

1

2

8

1
1

P

2
3

12
1
6
1

<1
<1

P
P

8
P
8

60

22
3
P

29
5

<1
2

<1
10

2

10

1
1
1
16
1
4
1
1
2
1
1
1
1
26

24
3
8

12
1

2

1
1
41
4

3
26

4
5

<1
<1

1
3
7
5
15

3
6
3
9

<1
7
<1
2

1

5
1

4
4
<1
6
<1
3

23
8
35
2
8

<1

<1

13
1
7

3

21
<1

13
6

<1
1

4

8

21

8

9-74

43

1
34

74

<1
10

BOREAL BIRDS
Original forest type and disturbance
Age category
Westworth et al.
Hobson & Bayne
1984
Song unpubl.
2000
Rocky Mountain
House, AB
Calling Lake, AB Prince Albert, SK

Author(s)
Location of study

Stambaugh &
Schmiegelow
unpubl.
Chip Lake, AB

Schieck &
Hobson unpubl.

Machtans &
Latour subm.

1997/98

1998-2000

Schieck 2000
Grande Prairie,
Slave Lake, AB Liard Valley, NWT
AB

Residual size [1]
Year Surveyed

1981/82

1995/96

1993/94

1999-2001

1997

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

80+ yrs

80 yrs

80-110 yrs

>100 yrs

>100 yrs

109 yrs

100 yrs

Sampling method

spotmap

spotmap

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1900

7020

1480

1820

1480

840

4800

Total area surveyed (ha) [4]

11.9

56

263

44

30

10.9

120

Use In Analyses [5]

No

Yes

Yes

No

Yes

Yes

Yes

11

10
3

7
3

1

2
6

2
13

1
5

1

<1

9
2
12
33

4
4
44
41
1

25
4
59
51

4

5

14
4
10
2

85
1

2

43

41

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

P

P

3
2

16

8
13
17

3
80

24
19
<1
<1

13

4

8

13

4

3
6
<1

32

5

42

68

28

<1
<1

14

19
3

4

3

9

13

2

2
11
41

<1
14
32

2
37
74

13
55
100

4
2

2
33

9
28

<1
10
22
1
3
2

<1

1

<1

3

5
13

9
7
13

38
8
10

<1
7
11

3

14

24

13

13

82

P
34

<1
<1
30
8
42
P

14
10
2

14

1

8
P
51

17

P

13

<1
6

7

3

49

88

<1

7
1

14
1

5

4
1

6

<1

1

<1

2

5

2

8

6
<1
1

13
1

16
1
3

3

13

8

65

P
1
P

9-75

1

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
76-125 yrs

Author(s)
Location of study

Aspen fire
>125 yrs

Schieck 2000
Grande Prairie,
AB

Schieck 2000
Grande Prairie,
AB

Song 2001
Grande Prairie,
AB

1998/99

1997

2000

Hobson 1994

Hobson & Bayne
unpubl.

Song unpubl.

Schieck et al.
1995

Prince Albert, SK Prince Albert, SK Calling Lake, AB Lac La Biche, AB

Residual size [1]
Year Surveyed

1993

1993/94

1995/96

1992/93

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

100 yrs

100 yrs

100 yrs

100+ yrs

100+ yrs

120 yrs

>125 yrs

Sampling method

point count

transect

spotmap

point count

point count

spotmap

point count

Sampling intensity (min.) [3]

480

4800

3600

1600

800

2520

1440

Total area surveyed (ha) [4]

11.4

120

60

142

142

21

74.4

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

<1
<1

11

<1

1

1

<1

6

1

<1

<1

<1

48
<5

11
<1
<1

10

<1

8

3

3

11
<1
1

1
<1

1
<1

<1
<1

7

7

<1
31

<1

<1

2
<1

8

<1
4

<1
4

<1
4

8

11

11

2

7

7

2
<1

5
32

2
30

63

<1
2

19
<5

<1
7
<1
<1

1
<1
<1

19

18

4

4
<1
9
<1
2
<1

6

18

9-76

1

1

4

4

6

<1
8

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
76-125 yrs

Aspen fire
>125 yrs

Author(s)

Schieck 2000

Schieck 2000

Song 2001

Location of study

Grande Prairie,
AB

Grande Prairie,
AB

Grande Prairie,
AB

1998/99

1997

2000

Hobson 1994

Hobson & Bayne
unpubl.

Song unpubl.

Schieck et al.
1995

Prince Albert, SK Prince Albert, SK Calling Lake, AB Lac La Biche, AB

Residual size [1]
Year Surveyed

1993

1993/94

1995/96

1992/93

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Aw

Aw

Age

100 yrs

100 yrs

100 yrs

100+ yrs

100+ yrs

120 yrs

>125 yrs

Sampling method

point count

transect

spotmap

point count

point count

spotmap

point count

Sampling intensity (min.) [3]

480

4800

3600

1600

800

2520

1440

Total area surveyed (ha) [4]

11.4

120

60

142

142

21

74.4

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

Yes

Yes

16
19

3
4

7

10
28

10
3

16

<1
<1

4
1

4
1

5

2

1
35
51

1
35
51

4
1
1

4

1

6

25

12

21

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

11
24

9
9
2

21

11

56

<5
26
50
11
24

17
7
43
37

3

2

<1
<1

32
22

<1
4
35
3

23

11

<1

1

4
1
1

38

28

7

<1

2

1

1

3

3

<1
<1
14
19
<1
2
2

17
37
68

13
106

13
106

4
61

<1
<1
5
54

2
35

4
7

4
7

24
28

9
19

6
5
14

1

1

3
3
8
4

<1

5

<5

6

16

<1
7

3

146

76

62

16

13
<1

3

5

6

3

3

2

7

7

4
4

9

11

6

1
34

54

<1

6
<1

<1

<1

9-77

71

1
<1
6

3

<1
1
<1
6

9

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
>125 yrs

Kirk et al. 1996
(TAEM) [14]
Welsh 1981[15]
Candle &
Calling Lake, AB Lac La Biche, AB Calling Lake, AB Calling Lake, AB Calling Lake, AB Whiteswan LK, SK Mildred, ON

Author(s)
Location of study

Schieck et al.
2000

Schieck et al.
2000

Schieck et al.
2000

1997

1993

1994

Mixedwood harvest
0-10 yrs
11-25 yrs

Tittler et al. 2001 Tittler et al. 2001

Residual size [1]
Year Surveyed

1994

1994

1986/87

1980

Aw,Sw,Pl

Sb/Sw/Bf/
Bw/Aw

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Age

>125 yrs

>125 yrs

100 yrs

130 yrs

130 yrs

0-9 yrs

11 yrs

Sampling method

point count

point count

point count

point count

point count

spotmap

spotmap

Sampling intensity (min.) [3]

960

360

225

280

520

2700

7200

Total area surveyed (ha) [4]

9.6

37.2

46.5

43

81

54

72

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

No

No

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

3

22

<1

<1
3
5
<1
5

11
<1
2

2

<1

1

1

<1
1

1
1

6

3

<1

26

26

<1
12
1

3

2
<1

8

13

5

15

8

50

11
11

<1
<1

<1
4

<1

4
<1
10
<1
2

1

2

2

2

5

9

<1

4

17

2
9
13

3

9

2

<1

9

21

11

1

<1
5

67
26

8

9-78

BOREAL BIRDS
Original forest type and disturbance
Age category

Aspen fire
>125 yrs

Kirk et al. 1996
(TAEM) [14]
Welsh 1981[15]
Candle &
Calling Lake, AB Lac La Biche, AB Calling Lake, AB Calling Lake, AB Calling Lake, AB Whiteswan LK, SK Mildred, ON

Author(s)
Location of study

Schieck et al.
2000

Schieck et al.
2000

Schieck et al.
2000

1997

1993

1994

Mixedwood harvest
0-10 yrs
11-25 yrs

Tittler et al. 2001 Tittler et al. 2001

Residual size [1]
Year Surveyed

1994

1994

1986/87

1980

Aw,Sw,Pl

Sb/Sw/Bf/
Bw/Aw

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw

Age

>125 yrs

>125 yrs

100 yrs

130 yrs

130 yrs

0-9 yrs

11 yrs

Sampling method

point count

point count

point count

point count

point count

spotmap

spotmap

Sampling intensity (min.) [3]

960

360

225

280

520

2700

7200

Total area surveyed (ha) [4]

9.6

37.2

46.5

43

81

54

72

Use In Analyses [5]

Yes

Yes

Yes

Yes

Yes

No

No

9
0

10

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

3
8

<1

1
<1

2

3
8
29
66

5

7

3

3
34
3

18
4

44
39

26
77

19

11

6

20

13

<1
<1

<1
10
5
2

111
44

4
<1

406
61

6

11

2

55

23

15

50

16

16

22

16

28

30
<1
2
<1

5
95
37

<1
<1
7
53

16
4

9
36
11

2
2
24
18

2
1

28
106
28

5
48

7
22

22

48

11
27

1
7

61

6
4
5

6
6
24

3
10
24

4
<1
<1

11

11

3
4
8

16

4

4

15

15

7
7

2

6

3
29

2
42

30

1

5

4
12

7

71

3

11

60

2
35

39

5

5

<1

<1

3
1
11

<1

9-79

<1
2

72

BOREAL BIRDS
Original forest type and disturbance
Age category

Mixedwood fire
11-25 yrs

Author(s)

Welsh 1981

Location of study

Welsh 1981

Welsh 1981

Rangen 2000

Mixedwood fire Mixedwood fire
26-75 yrs
26-75 yrs
Kirk et al. 1996
(TAEM)

Kirk et al. 1996
(TAEM)

Hobson 1994

Candle &
Candle &
Whiteswan LK,
Whiteswan LK, SK
SK
Prince Albert, SK

Manitouwadge,
ON

Mildred, ON

Manitouwadge,
ON

Hinton, AB

1980

1980

1980

1995

1986/87

<1986/87

Residual size [1]
Year Surveyed
Forest Type (Check These) [2]

Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw

1993

Aw/Pl

Aw,Sw,Pl

Aw,Sw,Pl

Aw

Age

11 yrs

20 yrs

20 yrs

25 yrs

15-20 yrs

40 yrs

60-80 yrs

Sampling method

spotmap

spotmap

spotmap

spotmap

spotmap

spotmap

point count

Sampling intensity (min.) [3]

6300

4500

3600

9960

2700

1350

1520

Total area surveyed (ha) [4]

63

45

36

54ha

54

18

135

Use In Analyses [5]

No

No

No

No

No

No

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

33

22

11

4
<1

2

3
<1
<1

<1
2

<1
50
11

89

19
16

<1
21

3
<1
3

13
8

2
<1

2
1

1

5

2
1
2

2
3
<1
3
4
5
5
4

<1
6

11

<1

11
39

2

<1
1

<1

5

6

36

3

14

14

28

9-80

BOREAL BIRDS
Original forest type and disturbance
Age category

Mixedwood fire
11-25 yrs

Author(s)

Welsh 1981

Location of study

Welsh 1981

Welsh 1981

Rangen 2000

Mixedwood fire Mixedwood fire
26-75 yrs
26-75 yrs
Kirk et al. 1996
(TAEM)

Kirk et al. 1996
(TAEM)

Hobson 1994

Candle &
Candle &
Whiteswan LK,
Whiteswan LK, SK
SK
Prince Albert, SK

Manitouwadge,
ON

Mildred, ON

Manitouwadge,
ON

Hinton, AB

1980

1980

1980

1995

1986/87

<1986/87

Residual size [1]
Year Surveyed
Forest Type (Check These) [2]

Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw

1993

Aw/Pl

Aw,Sw,Pl

Aw,Sw,Pl

Aw

Age

11 yrs

20 yrs

20 yrs

25 yrs

15-20 yrs

40 yrs

60-80 yrs

Sampling method

spotmap

spotmap

spotmap

spotmap

spotmap

spotmap

point count

Sampling intensity (min.) [3]

6300

4500

3600

9960

2700

1350

1520

Total area surveyed (ha) [4]

63

45

36

54ha

54

18

135

Use In Analyses [5]

No

No

No

No

No

No

Yes

40
19

<1
<1

3
10

1
<1

Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

8

2

<1
3

55
50

100
44

44

22

11

17

67
67

72
100
22

6
6

6

2
14
17
2

2

3
19
18
4
<1
<1
<1
5

3
2

9
3
7

77

2

9

11

<1
1
<1

2

6
4

6

6

2
28

1
56

12
1

1
3

2
54
62
<1

39

28
6
11

50

<1

72

33
6
50

22

44

6

4
<1

11

17

28
11

1
3
6

28

83

<1
3
1
27

2

8

54

<1

1

1

<1

34
11

6
<1
<1

<1
3
29

56

<1
3
8
1
2
7

27
35

16
2

<1
<1

1

9-81

8
1
4

BOREAL BIRDS
Original forest type and disturbance
Age category
Author(s)

Hobson & Bayne
unpubl.

Pojar 1995

Pojar 1995

Song 2001

Kirk et al. 1996
(TAEM)

Rangen 2000

Hobson 1994

Location of study

Prince Albert, SK

Smithers, BC

Smithers, BC

Manning, AB

Candle &
Whiteswan Lk, SK

Hinton, AB

Prince Albert, SK

1993/94

1991/92

1991/92

2000

1986/87

1995

1993

Residual size [1]
Year Surveyed
Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw,Sw,Pl

Aw/Pl

Aw

Age

60-80 yrs

50-95 yrs

50-95 yrs

80 yrs

80 yrs

75-100 yrs

80-100 yrs
point count

Sampling method

point count

point count

point count

spotmap

spotmap

spotmap

Sampling intensity (min.) [3]

920

1440

1440

2520

2700

9960

320

Total area surveyed (ha) [4]

163

16

16

42

54

54

28.4

Yes

No

No

Yes

No

No

Yes

Use In Analyses [5]
Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH

2

5

50

19

1
2

2

11

17

5

4

5
4
7

1
57

5
6
9
6

17

64

63

96

76

134

199

23

17

3
<1
2

<1

2
5

1
<1

2
<1

1
76

6

<1
2
6

1
9
99

97

2

4
9

109

135

12

12

6

6

8

36

3
2
4

9
6

6

10

61

6
25

27

130
130

110
211

34

175

179

9-82

19

2
<1
8

16
<1
8
2
<1

17
11
11

BOREAL BIRDS
Original forest type and disturbance
Age category
Author(s)

Hobson & Bayne
unpubl.

Pojar 1995

Pojar 1995

Song 2001

Kirk et al. 1996
(TAEM)

Rangen 2000

Hobson 1994

Location of study

Prince Albert, SK

Smithers, BC

Smithers, BC

Manning, AB

Candle &
Whiteswan Lk, SK

Hinton, AB

Prince Albert, SK

1993/94

1991/92

1991/92

2000

1986/87

1995

1993

Residual size [1]
Year Surveyed
Forest Type (Check These) [2]

Aw

Aw

Aw

Aw

Aw,Sw,Pl

Aw/Pl

Aw

Age

60-80 yrs

50-95 yrs

50-95 yrs

80 yrs

80 yrs

75-100 yrs

80-100 yrs
point count

Sampling method

point count

point count

point count

spotmap

spotmap

spotmap

Sampling intensity (min.) [3]

920

1440

1440

2520

2700

9960

320

Total area surveyed (ha) [4]

163

16

16

42

54

54

28.4

Yes

No

No

Yes

No

No

Yes

17
127
18

5
140
11

7

7

<1
1

9
26

14
87

82

<1
3

2
4

147

145

Use In Analyses [5]
Species name [6]
Hermit Thrush (Catharus guttatus)
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
HETH
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

31

7
2

12

17

100

77

9

5

12
12
27

75
2
14
11
<1

10
37
35

6
28
56

<1

49

39

250
73

249

2

57

6
2
9

2

28

15

131

42

3
13

4
3

11
6

9
5

5

262

208

2

7
70
49

6
31

54

8

<1
4
103
9
58

43

58

57

6
36
<1
2
8

56

6

61
9

6
7
<1

11

31

2
4
14

9

9
5

7

<1

1
18

6

10

48

28

9
2

4

158

2

1

41

152

164

3

163

107

<1

2

67
32

49
6

2

11

2
2
4
<1

80

9-83

86

4

6

<1

8

BOREAL BIRDS
Original forest type and disturbance
Age category

Mixedwood fire
76-125 yrs
>125 yrs

Author(s)

Song 2001

Location of study

Grande Prairie,
AB

Conifer harvest
0-10 yrs

Hobson & Bayne
unpubl.

Machtans &
Latour subm.

Welsh 1981

Welsh 1981

Mackenzie &
Steventon1996

Prince Albert, SK Prince Albert, SK

Liard Valley,
NWT

Mildred, ON

Manitouwadge,
ON

Smithers, BC

1993/94

1998-2000

1980

1980

1991

Hobson 1994

Residual size [1]
Year Surveyed

2000

1993

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw/WSpr

Age

100 yrs

100+ yrs

100+ yrs

168 yrs

250 yrs

250 yrs

1 yr

Sampling method

spotmap

point count

point count

point count

spotmap

spotmap

point count

Sampling intensity (min.) [3]

3600

2240

1600

780

900

4500

648

Total area surveyed (ha) [4]

60

199

284

10.1

9

45

7.2

Use In Analyses [5]

Yes

Yes

Yes

Yes

No

No

No

1

6

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw

Sh/Pl/Fs

<1

3

2

3

<1

17

5

3
1
<1

3
<1

<1
2

46
1
14
3

<1
3
<1

1

28

6

1

3

<1

<1
<1
2

1
2

3
<1

2
<1

23

2
3
3
5
18

1
2
2
3
14

3

13

16

16

1
1

25

6

8

23
6

22
5

9-84

56

56
<1
<1

13

<1

16
3
9
29

6
2

<1

17

17

<1
<1
<1

17

22

<1

17

11

4
3

66

33

44

<1
<1

56

<1
<1

BOREAL BIRDS
Original forest type and disturbance
Age category

Mixedwood fire
76-125 yrs
>125 yrs

Author(s)

Song 2001

Location of study

Grande Prairie,
AB

Conifer harvest
0-10 yrs

Hobson & Bayne
unpubl.

Machtans &
Latour subm.

Welsh 1981

Welsh 1981

Mackenzie &
Steventon1996

Prince Albert, SK Prince Albert, SK

Liard Valley,
NWT

Mildred, ON

Manitouwadge,
ON

Smithers, BC

1993/94

1998-2000

1980

1980

1991

Hobson 1994

Residual size [1]
Year Surveyed

2000

1993

Forest Type (Check These) [2]

Aw

Aw

Aw

Aw/WSpr

Age

100 yrs

100+ yrs

100+ yrs

168 yrs

250 yrs

250 yrs

1 yr

Sampling method

spotmap

point count

point count

point count

spotmap

spotmap

point count

Sampling intensity (min.) [3]

3600

2240

1600

780

900

4500

648

Total area surveyed (ha) [4]

60

199

284

10.1

9

45

7.2

Use In Analyses [5]

Yes

Yes

Yes

Yes

No

No

No

5

<1

10

<1
9

<1
6

15
39

1
20
51

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

Sb/Sw/Bf/ Bw/Aw Sb/Sw/Bf/ Bw/Aw

19
3

Sh/Pl/Fs

32
<1

1

10
17
50

4
10
15
120

22
278

11
39

156

17

128
9

222
83

28
44

70
1

33

33

122

39
61

2

62
14

10
11
6
6
30

11
2

16
8

21
8

18

12

76

11

<1
2
75
<1
5
1

14
38
48
1

44

37
<1

10
2
5
84
2
5

2
63
4

<1
28

22
<1

6

<1
3
7
8

2
2

3

26
74
3

2

35

35

59

44

11

6
45

25

<1

65
24

<1
23

18

13

13

11

72

22
150

17

<1
1

<1

2

3
19

8
<1
2

9-85

8

21

3

1

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer harvest
0-10 yrs

Author(s)

Mackenzie &
Steventon1996

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Smithers, BC

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Residual size [1]

10% - patch

3% - small

3% - small

3% - medium

3% - medium

3% - large

Year Surveyed

1991

1998/99

1999

1998/99

1999

1998/99

Forest Type (Check These) [2]

Sh/Pl/Fs

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Age

1 yr

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs
point count

1998/99

Sampling method

point count

point count

point count

transect

point count

transect

Sampling intensity (min.) [3]

756

840

840

1600

840

1600

600

Total area surveyed (ha) [4]

7.2

16.4

16.4

40

16.4

40

11.7

No

Yes

No

No

No

No

No

Use In Analyses [5]
Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

<5
<1

<5
<5
5

30

24

<2

6

<2
3

<5

14

8

3
3

<5

8

20

<5

8
<5

<5
<5

<5
10

<2

<5
<5
45
<5
10
21

8

8
<5

30

5

<2
8

5
10
40

<5

<5
<2

<5

<5

<1
3

19
19

14
12

<5
<5

33
3

3
<2

<2

9-86

<5

<2

<5
<5
6
<5

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer harvest
0-10 yrs

Author(s)

Mackenzie &
Steventon1996

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Schieck 2000

Location of study

Smithers, BC

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

Residual size [1]

10% - patch

3% - small

3% - small

3% - medium

3% - medium

3% - large

Year Surveyed

1991

1998/99

1999

1998/99

1999

1998/99

Forest Type (Check These) [2]

Sh/Pl/Fs

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Pl/Sb

Age

1 yr

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs

1-2 yrs
point count

1998/99

Sampling method

point count

point count

point count

transect

point count

transect

Sampling intensity (min.) [3]

756

840

840

1600

840

1600

600

Total area surveyed (ha) [4]

7.2

16.4

16.4

40

16.4

40

11.7

No

Yes

No

No

No

No

No

32
<1

6

16

21

24

14

59

Use In Analyses [5]
Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

<5
<5

3

6

<5

19

<5

67
77

12

12

16

6

107

101
23
38
<5

102

60

14

28

23

42

22

42

36

30

19

28

17

17

<5

38

36

24

20

30

34

32

83

28

45
<5
90

3
8

6

13

23

12

8

6

11

30

41
3

130

9

23
<5

22

9-87

BOREAL BIRDS
Original forest type and disturbance
Age category
Titterington et al. Lance & Phinney Lance & Phinney Titterington et al.
1979
2001
2001
1979

Author(s)

Schieck 2000

Location of study

Whitecourt, AB

Residual size [1]

3% - large

Year Surveyed

1999

1976

Forest Type (Check These) [2]

Pl/Sb

Sw,Sb/Fb

Age

1-2 yrs

1-2 yrs

1-3 yrs

1-3 yrs

Sampling method

transect

spotmap

transect

transect

Sampling intensity (min.) [3]

1600

n/a

5280

Total area surveyed (ha) [4]

40

8 ha

17.6

Use In Analyses [5]

No

No

No

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

Moosehead Lake, Prince George,
ME
BC

Machtans &
Latour subm.

Prince George, Moosehead Lake,
BC
ME
Liard Valley, NWT

Verbisky & Sykes
1999
Manning, AB

15-22%
1996-98

1996-98

1998-2000

1998

Sw,Sb/Fb

Aw

Sw/Aw

3-5 yrs

2-4 yrs

5 yrs

spotmap

point count

point count

7680

n/a

360

200

25.6

8 ha

4.7

40

No

No

Yes

No

hyb. Sw/eng/Pl/Fs hyb. Sw/eng/Pl/Fs

1976

6

8
8

5
3
3
9
3

4

1

40

7

4
3

7

1
8

<2

3

2

23
<2
6

<2

2

25

4
8
4
4
3
31
39

81
14

50
3

1
13

20

5
3

3

22

78
38

<2
<2

10

<2

55

9-88

5
4

29
13
111
20

21

<2

3

21

4

3

4

20
18
8

10

13

BOREAL BIRDS
Original forest type and disturbance
Age category
Titterington et al. Lance & Phinney Lance & Phinney Titterington et al.
1979
2001
2001
1979

Author(s)

Schieck 2000

Location of study

Whitecourt, AB

Residual size [1]

3% - large

Year Surveyed

1999

1976

Forest Type (Check These) [2]

Pl/Sb

Sw,Sb/Fb

Age

1-2 yrs

1-2 yrs

1-3 yrs

1-3 yrs

Sampling method

transect

spotmap

transect

transect

Sampling intensity (min.) [3]

1600

n/a

5280

Total area surveyed (ha) [4]

40

8 ha

17.6

Use In Analyses [5]

No

No

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

Moosehead Lake, Prince George,
ME
BC

Machtans &
Latour subm.

Prince George, Moosehead Lake,
BC
ME
Liard Valley, NWT

Verbisky & Sykes
1999
Manning, AB

15-22%
1996-98

1996-98

1998-2000

1998

Sw,Sb/Fb

Aw

Sw/Aw

3-5 yrs

2-4 yrs

5 yrs

spotmap

point count

point count

7680

n/a

360

200

25.6

8 ha

4.7

40

No

No

No

Yes

No

248

174
3

8

10

28

30

hyb. Sw/eng/Pl/Fs hyb. Sw/eng/Pl/Fs

10

1976

8
<2

8
25
120
25

33

<2
6

27

6
6

2

34

6

2

72

18

8

4
59

5
28
8

35

30

<2
104
25
17
7

13
8

6

4
109

3
10

46

5
6

29
45

70

5
3

165

12

171
20
33

4
38

15

123

94
14

31
4

23

76
522

55

53
15

191

65

8

45

2

180
813

14
10

150

16

75

10
557

594

238

1
22
3
1

8

8
6

250

204
1

9-89

70

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer harvest
11-25 yrs

Conifer harvest
26-75 yrs

Verbisky & Sykes Titterington et al.
1999
1979

Verbisky &
Sykes 1999

Manning, AB

Moosehead Lake,
ME

Manning, AB

Year Surveyed

1999

1976

Forest Type (Check These) [2]

Sw/Aw

Age

6 yrs

Sampling method

point count

Sampling intensity (min.) [3]
Total area surveyed (ha) [4]
Use In Analyses [5]

Author(s)
Location of study

Verbisky & Sykes Titterington et al.
1999
1979

Verbisky &
Sykes 1999

Verbisky & Sykes
1999

Manning, AB

Moosehead Lake,
ME

Manning, AB

Manning, AB

1998

1999

1976

1998

1999

Sw,Sb/ Fb

Aw/Pb/Bw

Aw/Pb/Bw

Sw,Sb/Fb

Sw/Aw/Pb

Sw/Aw/Pb

7-12 yrs

18 yrs

19 yrs

seral IV [16]

29 yrs

30 yrs

spotmap

point count

point count

spotmap

point count

point count

200

n/a

200

200

n/a

200

200

40

8 ha

40

40

8 ha

40

40

No

No

No

No

No

No

No

10

15

8

8

Residual size [1]

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

3

3

3

5

5

15

5

5
10

3

3

3

105

60

105
3

28
13

10
3

13

28

18

15

48

3
13

3

10

8

35

5

3
5
10

5

8
10
18

10

13

21

10

9

10

9
5

10

12

53
3

9-90

15

90
23

19

70

148
25

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer harvest
11-25 yrs

Conifer harvest
26-75 yrs

Verbisky & Sykes Titterington et al.
1999
1979

Verbisky &
Sykes 1999

Manning, AB

Moosehead Lake,
ME

Manning, AB

Year Surveyed

1999

1976

Forest Type (Check These) [2]

Sw/Aw

Age

6 yrs

Sampling method

point count

Sampling intensity (min.) [3]
Total area surveyed (ha) [4]
Use In Analyses [5]

Author(s)
Location of study

Verbisky & Sykes Titterington et al.
1999
1979

Verbisky &
Sykes 1999

Verbisky & Sykes
1999

Manning, AB

Moosehead Lake,
ME

Manning, AB

Manning, AB

1998

1999

1976

1998

1999

Sw,Sb/ Fb

Aw/Pb/Bw

Aw/Pb/Bw

Sw,Sb/Fb

Sw/Aw/Pb

Sw/Aw/Pb

7-12 yrs

18 yrs

19 yrs

seral IV [16]

29 yrs

30 yrs

spotmap

point count

point count

spotmap

point count

point count

200

n/a

200

200

n/a

200

200

40

8 ha

40

40

8 ha

40

40

No

No

No

No

No

No

No

Residual size [1]

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

5
15
5

15

54

92
150

10

10

10

5

40

18

88
70
18

75
113
8

10

5
55
18

3
95

10

8

15

2.5

10

43

19
34

63

83

8

10

31
3

43

25

25
53

5

5
3

3

5
8

5
5
3

25
20

50

15

4

41
31
9
12

29
38

33
10
8

17

5

67

8
3

8
8
8

3

28

18

8

5

58
18

28

28

38

65

3
15

3

128

168

10

10

5
18

8

15
17

38

70

28
13
3

175

33

25

3
3
3
22

23

30

35

55

15
3

9-91

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
0-10 yrs

Conifer fire
11-25 yrs

Conifer fire
11-25 yrs

26-75 yrs

Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes
1999
1999
1999
1999
1999
1999

Author(s)

Farr 1995

Location of study

Hinton, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Year Surveyed

1991/92

1998

1999

1998

1999

1998

1999

Forest Type (Check These) [2]

mix conifer

Sw/Sb

Sw/Sb

Sw

Sw

Aw/Pl

Aw/Pl

Age

30-35 yrs

5 yrs

6 yrs

18 yrs

19 yrs

29 yrs

30 yrs

Residual size [1]

Sampling method

point count

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1260

200

200

200

200

200

200

Total area surveyed (ha) [4]

149

40

40

40

40

40

40

Use In Analyses [5]

No

No

No

No

No

No

No

13

8

3

8

5

8

13

8

10

3

3

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

8

3

<1
23

43

13

8
45

28
25

5

23

38
18

48
18

73
28

15
23

45
33

5

60

13

28

5

20

24

47

5
15
3

5

3

3

3

18

3

33

18
15

18

8
13
13

10

5

5

20

3

3

13
<1
10

80
19

3

23
5

45
45
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38
28

73
48

58
8

145
50

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
0-10 yrs

Conifer fire
11-25 yrs

Conifer fire
11-25 yrs

26-75 yrs

Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes Verbisky & Sykes
1999
1999
1999
1999
1999
1999

Author(s)

Farr 1995

Location of study

Hinton, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Manning, AB

Year Surveyed

1991/92

1998

1999

1998

1999

1998

1999

Forest Type (Check These) [2]

mix conifer

Sw/Sb

Sw/Sb

Sw

Sw

Aw/Pl

Aw/Pl

Age

30-35 yrs

5 yrs

6 yrs

18 yrs

19 yrs

29 yrs

30 yrs

Residual size [1]

Sampling method

point count

point count

point count

point count

point count

point count

point count

Sampling intensity (min.) [3]

1260

200

200

200

200

200

200

Total area surveyed (ha) [4]

149

40

40

40

40

40

40

Use In Analyses [5]

No

No

No

No

No

No

No

19
6

10

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

74

3

8
72

3
5
5
10

141

3

3

3

5

10

13

20

15

5
38
8

68
35

5
95
33

8
100
18

13
95
40

3

5

8

8

20

55

48

18

5

38

3

18

15

10

5
3

8
13
3

25
3

8
10
15

8
3
15

23
8

8
8

5
13

5
18

25
10

8
48

5

3
5

10

3
18

3

5

3

3

25
5

30

40

50

65

18

23
8

8

15
3

53

5

20

188

225

103

195

130

180

103

33

18

23

20

38

13

24

62

13
5

3

9

3

3
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BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
76-125 yrs

Author(s)

Titterington et al.
1979

Erskine 1977

Location of study

Moosehead Lake,
ME

MB/SK

Year Surveyed

1976

1972/73

Forest Type (Check These) [2]

Sw,Sb/Fb

Aw

Aw

Aw

Pl/Sb

Pl/Sb

Pl/Sb

Age

seral V

med-mature

80-110 yrs

mature

105 yrs

105 yrs

105 yrs

Hobson 1994

Erskine 1977

Prince Albert, SK Fort Nelson, BC

Schieck 2000

Schieck 2000

Schieck 2000

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

1997

1998/99

1999

Residual size [1]
1993

1974

Sampling method

spotmap

spotmap

point count

spotmap

point count

point count

transect

Sampling intensity (min.) [3]

n/a

n/a

2240

n/a

4800

480

4800

Total area surveyed (ha) [4]

8 ha

80

199

64

93.6

12.5

120

Use In Analyses [5]

No

No

Yes

No

Yes

Yes

Yes

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

<1

<1

<5

<1

<1

<1

<1

<1

7

<1

2

5

<1
1
3

3

<1
<1
1
<1

2

<1

<1

<1
<1

<1

<1

4

4

6

<1
2

10
7
2

5

10
2

12
6
5

<1
<1

19

<1
<1

16

<1
5

3
5
5

12
8

2

11

12

1

12

81

10
30

4
17

5
28

8
34

26
26

12
25

12

16

29

39

10
5

26

6
3
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BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
76-125 yrs

Author(s)

Titterington et al.
1979

Erskine 1977

Location of study

Moosehead Lake,
ME

MB/SK

Year Surveyed

1976

1972/73

Forest Type (Check These) [2]

Sw,Sb/Fb

Aw

Aw

Aw

Pl/Sb

Pl/Sb

Pl/Sb

Age

seral V

med-mature

80-110 yrs

mature

105 yrs

105 yrs

105 yrs

Hobson 1994

Erskine 1977

Prince Albert, SK Fort Nelson, BC

Schieck 2000

Schieck 2000

Schieck 2000

Whitecourt, AB

Whitecourt, AB

Whitecourt, AB

1997

1998/99

1999

Residual size [1]
1993

1974

Sampling method

spotmap

spotmap

point count

spotmap

point count

point count

transect

Sampling intensity (min.) [3]

n/a

n/a

2240

n/a

4800

480

4800

Total area surveyed (ha) [4]

8 ha

80

199

64

93.6

12.5

120

Use In Analyses [5]

No

No

Yes

No

Yes

Yes

Yes

2
1

<1

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

5
11

5

12
30

12
39

11

1

8

10
21

32

34

7

<1

<1
5

<5

<1
5

2

8

2

1

<5
13

<1

30
<1

<1

4
25
50
6
44
19
94
169

2
<5

55

53

135

46

7
18
5

42

1
3

<1
6

27

<1
<1

<1
<1

1

<1

3

<1
<1

<1

<1

<1

10
1
12

29

2
12

1

8

49

14

21

17

<1

<5

2

9

5

6

39

13

13

13

<1

<1

<1

<1

<1

20

2

1

4

12
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BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
76-125 yrs
Machtans &
Latour subm.

Author(s)

Lance & Phinney
2001

Prince George,
Liard Valley, NWT
BC

Location of study

Farr 1995

Hobson & Bayne
unpubl.

Mackenzie &
Steventon1996

Pojar 1995

Song unpubl

Hinton AB

Prince Albert, SK

Smithers, BC

Smithers, BC

Calling Lake, AB

1991/92

1993/94

1991

1992

1995/96

Residual size [1]
Year Surveyed

1998-2000

1996-98

Forest Type (Check These) [2]

Sb

hyb. Sw/eng/Fb

Sw/Pl

Aw

Sh/Pl/Fs

Aw

Sw

Age

55 yrs

>100 yrs

100 yrs

100+ yrs

120 yrs

mature [17]

130+ yrs

Sampling method

point count

transect

point count

point count

point count

point count

spotmap

Sampling intensity (min.) [3]

300

5040

2160

1120

756

576

1125

Total area surveyed (ha) [4]

3.9

16.8

256

199

7.2

6

8.8

Use In Analyses [5]

Yes

No

No

Yes

No

No

Yes

2

1

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)

ALBERTA RESEARCH COUNCIL

Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

28

10
4

16

<1

2

2

2

8
2

7

1
2

4
6

1
1
<1

25
9

55

12
5
75

50

28

41

34
111

15
7

3
5
1
12
13

8

4

14

194

4

667
113

46
36

3
25

403

58
2

32
1

4
9
4

13

34
63

4
2

9-96

9
<1

78

37

56

19
16
26

57

16

99

24

42

12

42
20

120
149

12

29
8

106

15
2

BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
76-125 yrs
Machtans &
Latour subm.

Author(s)

Lance & Phinney
2001

Prince George,
Liard Valley, NWT
BC

Location of study

Farr 1995

Hobson & Bayne
unpubl.

Mackenzie &
Steventon1996

Pojar 1995

Song unpubl

Hinton AB

Prince Albert, SK

Smithers, BC

Smithers, BC

Calling Lake, AB

1991/92

1993/94

1991

1992

1995/96

Residual size [1]
Year Surveyed

1998-2000

1996-98

Forest Type (Check These) [2]

Sb

hyb. Sw/eng/Fb

Sw/Pl

Aw

Sh/Pl/Fs

Aw

Sw

Age

55 yrs

>100 yrs

100 yrs

100+ yrs

120 yrs

mature [17]

130+ yrs

Sampling method

point count

transect

point count

point count

point count

point count

spotmap

Sampling intensity (min.) [3]

300

5040

2160

1120

756

576

1125

Total area surveyed (ha) [4]

3.9

16.8

256

199

7.2

6

8.8

Use In Analyses [5]

Yes

No

No

Yes

No

No

Yes

16

119
79

6
20

<1

12
12

141
42

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

1
9
26
6

21
56

3

75
9

3
2

5

35
12
38

6
73
71

1
8
29

1
17
18

375

198

149

92
121

5
85

3

170

17

10
16

39
2

125
21
4

3
115

<1
4

18

<1

99

15

28

35

1
7
40

28
133

28

14

14

75

44

50

4
100

2
71

40

31

16

3
27
4
11

<1

21
21

8
<1

3
46

2

<1

59

363

63

41
25

78

<1

3
4

2
6

96
54

<1
2

28

16
1
10

106

20
133

9-97
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BOREAL BIRDS
Original forest type and disturbance
Age category

Conifer fire
>125 yrs

Author(s)

Hobson 1994

Location of study

Conifer fire
>125 yrs
Machtans &
Latour subm.

Song 2001

Prince Albert, SK Liard Valley, NWT Manning, AB

Farr 1995
Hinton, AB

Edge
Aw/CC

Aw/Sw

Song unpubl.

Song unpubl.

Song unpubl.

Song unpubl.

Calling Lake, AB Calling Lake, AB Calling Lake, AB Calling Lake, AB

Residual size [1]
Year Surveyed

1993

1998-2000

2000

1991/92

1995/96

1995/96

1995/96

1995/96

Forest Type (Check These) [2]

Aw

Sw

Sw

Sw

Aw

Aw

Aw

Aw

Age

180+ yrs

179 yrs

150 yrs

200 yrs

80 yrs

120 yrs

80 yrs

120 yrs

Sampling method

point count

point count

spotmap

point count

spotmap

spotmap

spotmap

spotmap

Sampling intensity (min.) [3]

320

1440

2520

2160

2278

2948

5226

2278

Total area surveyed (ha) [4]

28.4

18.8

42

256

21

21

42

21

Use In Analyses [5]

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

11

29
1
10
8
3

Species name [6]
American Bittern (Botaurus lentiginosus)
Canada Goose (Branta canadensis)
Mallard (Anas platyrhynchos)
Blue-winged Teal (Anas discors)
Cinnamon Teal (Anas cyanoptera)
Common Goldeneye (Brucephala clangula)
Osprey (Pandion haliaetus)
Northern Harrier (Circus cyaneus)
Sharp-shinned Hawk (Accipiter striatus)
Cooper's Hawk (Accipiter cooperii)
Northern Goshawk (Accipiter gentilis)
Broad-winged Hawk (Buteo platypterus )
Swainson's Hawk (Buteo swainsoni)
Red-tailed Hawk (Buteo jamaicencis)
American Kestrel (Falco sparverius)
Merlin (Falco columbarius)
Ruffed Grouse (Bonasa umbellus)
Spruce Grouse (Falcipennis canadensis)
Blue Grouse (Dendragapus obscurus)
Killdeer (Charadruis vociferus)
Greater Yellowlegs (Tringa melanoleuca)
Lesser Yellowlegs (Tringa flavipes)
Solitary Sandpiper (Tringa solitaria)
Spotted Sandpiper (Actitis macularia)
Common Snipe (Gallinago gallinago)
Mourning Dove (Zenaida macroura)
Black-billed Cuckoo (Coccyzus erythropthalmus)
Great Horned Owl (Bubo virginianus)
Northern Hawk Owl (Surnia ulula)
Barred Owl (Strix varia)
Great Gray Owl (Strix nebulosa)
Northern Saw-whet Owl (Aegolius acadicus)
Common Nighthawk (Chordeiles minor)
Ruby-throated Hummingbird (Archilochus colubris)
Belted Kingfisher (Ceryle alcyon)
Yellow-bellied Sapsucker (Sphyrapicus varius)
Downy Woodpecker (Picoides pubescens)
Hairy Woodpecker (Picoides villosus)
Three-toed Woodpecker (Picoides tridactylus)
Black-backed Woodpecker (Picoides arcticus)
Northern Flicker (Colaptes auratus)
Pileated Woodpecker (Dryocopus pileatus)
Olive-sided Flycatcher (Contopus borealis)
Western Wood-Pewee (Contopus sordidulus)
Yellow-bellied Flycatcher (Empidonax flaviventris)
Alder Flycatcher (Empidonax alnorum)
Least Flycatcher (Empidonax minimus)
Hammond's Flycatcher (Empidonax hammondii)
Dusky Flycatcher (Empidonax oberholseri)
Eastern Phoebe (Sayornis phoebe)
Great Crested Flycatcher (Myiarchus crinitus)
Eastern Kingbird (Tyrannus tyrannus)
Tree Swallow (Tachycineta bicolor)
Gray Jay (Perisoreus canadensis)
Blue Jay (Cyanocitta cristata)
Black-billed Magpie (Pica pica)
American Crow (Corvus brachyrhynchos)
Common Raven (Corvus corax)
Black-capped Chickadee (Parus atricapillus)
Boreal Chickadee (Parus hudsonicus)
Red-breasted Nuthatch (Sitta canadensis)
White-breasted Nuthatch (Sitta carolinensis)
Brown Creeper (Certhia americana)
House Wren (Troglodytes aedon)
Winter Wren (Troglodytes troglodytes)
Sedge Wren (Cistothorus platensis)
Golden-crowned Kinglet (Regulus satrapa)
Ruby-crowned Kinglet (Regulus calendula)
Eastern Bluebird (Sialia sialis)
Mountain Bluebird (Sialia currucoides)
Townsend's Solitaire (Myadestes townsendi)
Veery (Catharus fuscescens)
Swainson's Thrush (Catharus ustulatus)
Hermit Thrush (Catharus guttatus)
Original forest type and disturbance
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Species
Code[7]
AMBI
CAGO
MALL
BWTE
CITE
COGO
OSPR
NOHA
SSHA
COHA
GOSH
BWHA
SWHA
RTHA
AMKE
MERL
RUGR
SPGR
BLGR
KILL
GRYE
LEYE
SOSA
SPSA
COSN
MODO
BBCU
GHOW
NHOW
BDOW
GGOW
NSWO
CONI
RTHU
BEKI
YBSA
DOWO
HAWO
TTWO
BBWO
NOFL
PIWO
OSFL
WEWP
YBFL
ALFL
LEFL
HAFL
DUFL
EAPH
GCFL
EAKI
TRES
GRJA
BLJA
BBMA
AMCR
CORA
BCCH
BOCH
RBNU
WBNU
BRCR
HOWR
WIWR
SEWR
GCKI
RCKI
EABL
MOBL
TOSO
VEER
SWTH
HETH

3

2

3

25

1
2
1
1
3
4

2

6

29

10

39

3

3
1
19
34

10
29

18
30

11
11
23

3
2

48

19

14

2

9

37
16

3

12

16

17

11

10

32

23

6
1

10
7

56
30

56

75

15

30

Conifer fire

Conifer fire

9-98

2

1
7
Edge

6
15

BOREAL BIRDS
Age category

>125 yrs

Author(s)

Hobson 1994

Location of study

>125 yrs
Machtans &
Latour subm.

Song 2001

Prince Albert, SK Liard Valley, NWT Manning, AB

Farr 1995
Hinton, AB

Aw/CC

Aw/Sw

Song unpubl.

Song unpubl.

Song unpubl.

Song unpubl.

Calling Lake, AB Calling Lake, AB Calling Lake, AB Calling Lake, AB

Residual size [1]
Year Surveyed

1993

1998-2000

2000

1991/92

1995/96

1995/96

1995/96

1995/96

Forest Type (Check These) [2]

Aw

Sw

Sw

Sw

Aw

Aw

Aw

Aw

Age

180+ yrs

179 yrs

150 yrs

200 yrs

80 yrs

120 yrs

80 yrs

120 yrs

Sampling method

point count

point count

spotmap

point count

spotmap

spotmap

spotmap

spotmap

Sampling intensity (min.) [3]

320

1440

2520

2160

2278

2948

5226

2278

Total area surveyed (ha) [4]

28.4

18.8

42

256

21

21

42

21

Use In Analyses [5]

Yes

Yes

Yes

No

Yes

Yes

Yes

Yes

6

2

67
85

2
14

59
37

15

2

Species name [6]
American Robin (Turdus migratorius)
Varied Thrush (Ixoreus naevius)
European Starling (Sturnus vulgaris)
Gray Catbird (Dumetella carolinensis)
Bohemian Waxwing (Bombycilla garrulus)
Cedar Waxwing (Bombycilla cedrorum)
Blue-headed Vireo (Vireo solitarius)
Cassin's Vireo (Vireo cassinii)
Warbling Vireo (Vireo gilvus)
Philadelphia Vireo (Vireo philadelphicus)
Red-eyed Vireo (Vireo olivaceus)
Tennessee Warbler (Vermivora peregrina)
Orange-crowned Warbler (Vermivora celata)
Nashville Warbler (Vermivora ruficapilla)
Yellow Warbler (Dendroica petechia)
Chestnut-sided Warbler (Dendroica pensylvanica)
Magnolia Warbler (Dendroica magnolia)
Cape May Warbler (Dendroica tigrina)
Black-throated Blue Warbler (Dendroica caerulescens)
Yellow-rumped Warbler (Dendroica coronata)
Townsend's Warbler (Dendroica townsendi)
Black-throated Green Warbler (Dendroica virens)
Blackburnian Warbler (Dendroica fusca)
Palm Warbler (Dendroica palmarum)
Bay-breasted Warbler (Dendroica castanea)
Blackpoll Warbler (Dendroica striata)
Black-and-white Warbler (Mniotilta varia)
American Redstart (Setophaga ruticilla)
Ovenbird (Seiurus aurocapillus)
Northern Waterthrush (Seiurus noveboracensis)
Connecticut Warbler (Oporornis agilis)
Mourning Warbler (Oporornis philadelphia)
MacGillivray's Warbler (Oporornis tolmiei)
Common Yellowthroat (Geothlypis trichas)
Wilson's Warbler (Wilsonia pusilla)
Canada Warbler (Wilsonia canadensis)
Western Tanager (Piranga ludoviciana)
Rose-breasted Grosbeak (Pheucticus ludovicianus)
Indigo Bunting (Passerina cyanea)
Chipping Sparrow (Spizella passerina)
Clay-colored Sparrow (Spizella pallida)
Vesper Sparrow (Pooecetes gramineus)
Savannah Sparrow (Passerculus sandwichensis)
Le Conte's Sparrow (Ammodramus leconteii)
Nelson's Sharp-tailed Sparrow (Ammodramus nelsoni)
Fox Sparrow (Passerella iliaca)
Song Sparrow (Melospiza melodia)
Lincoln's Sparrow (Melospiza lincolnii)
Swamp Sparrow (Melospiza georgiana)
White-throated Sparrow (Zonotrichia albicollis)
White-crowned Sparrow (Zonotrichia leucophrys)
Dark-eyed Junco (Junco hyemalis)
Red-winged Blackbird (Agelaius phoeniceus)
Brewer's Blackbird (Euphagus cyanocephalus)
Rusty Blackbird (Euphagus carolinus)
Brown-headed Cowbird (Molothrus ater)
Northern Oriole (Icterus galbula)
Pine Grosbeak (Pinicola enucleator)
Purple Finch (Carpodacus purpureus)
Red Crossbill (Loxia curvivostra)
White-winged Crossbill (Loxia leucoptera)
Common Redpoll (Carduilis flammea)
Pine Siskin (Carduelis pinus)
American Goldfinch (Carduelis tristis)
Evening Grosbeak (Coccothraustes vespertinus)
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Species
Code[7]
AMRO
VATH
EUST
GRCA
BOWA
CEDW
BHVI
CAVI
WAVI
PHVI
REVI
TEWA
OCWA
NAWA
YWAR
CSWA
MAWA
CMWA
BTBW
YRWA
TOWA
BTNW
BLBW
PAWA
BBWA
BLPW
BAWW
AMRE
OVEN
NOWA
CONW
MOWA
MGWA
COYE
WIWA
CAWA
WETA
RBGR
INBU
CHSP
CCSP
VESP
SASP
LCSP
NSTS
FOSP
SOSP
LISP
SWSP
WTSP
WCSP
DEJU
RWBL
BRBL
RUBL
BHCO
NOOR
PIGR
PUFI
RECR
WWCR
CORE
PISI
AMGO
EVGR

10
1

11

39

18

1
1
3

5

3
1
3
118
1

2

5

45

98
21

2
2

39

73

49

17
6

<1
<1

124

5
48
54

1

8

7

4

17

2
2

2

11

41

28

1
8
11

77

2
55
35

1

24
5

34

1

13

80

52

20
24

19

14
6

23

6
50
3

2

2

64

7

31

2
5

15

5

16

3
37

14

<1

6

10

83

9

17

70

17

21

27

1

9-99

12

64

5
2
4
12
27

38
4
84

2

10

1

White-throated Sparrow
Lincoln Sparrow

American Goldfinch

Chipping Sparrow

Dark-Eyed Junco

Wilson’s Warbler

White-crowned Sparrow

Clay-coloured Sparrow

Swamp Sparrow

Leconte’s Sparrow

Common Yellowthroat

Mourning Warbler

Chestnut-sided Warbler

American Redstart

Yellow Warbler

Orange-Crowned Warbler

Tennessee Warbler

Cedar Waxwing

Western Wood-Pewee

Least Flycatcher

Ovenbird

Connecticut Warbler

Yellow-rumped Warbler

Rose-breasted Grosbeak

Red-eyed Vireo

Philadelphia Vireo

Warbling Vireo

Evening Grosbeak

White-throated Sparrow

Canada Warbler

Black-and-white Warbler

Tennessee Warbler

Mourning Warbler

Chestnut-sided Warbler

American Redstart

Yellow Warbler

Rose-breasted Grosbeak

Hermit Thrush

Philadelphia Vireo

Warbling Vireo

Least Flycatcher

Yellow-bellied Sapsucker
Hermit Thrush

Large deciduous
trees and shrub
understorey

Large deciduous
trees

Chipping Sparrow

Dark-eyed Junco

Nashville Warbler

Magnolia Warbler

Yellow-rumped Warbler

Hermit Thrush

Magnolia Warbler
Yellow-rumped Warbler
Ovenbird
Black-throated Green Warbler
Bay-breasted Warbler

Purple Finch
Red Crossbill
White-winged Crossbill
Pine Siskin

Pine Siskin

Red Crossbill

Purple Finch

Dark-eyed Junco

Chipping Sparrow

Western Tanager

Blackpoll Warbler

Red-eyed Vireo
Western Tanager

Philadelphia Vireo

Blue-headed Vireo

Golden-crowned Kinglet

Swainson’s Thrush

Hermit Thrush

Winter Wren

Brown Creeper

Red-breasted Nuthatch

White-breasted Nuthatch

Black-capped Chickadee

Gray Jay

Yellow-bellied Flycatcher

Northern Flicker

Downy Woodpecker

Hairy Woodpecker

Mixedwood
(subcanopy/canopy
conifer trees in
3
deciduous stands)

Blackpoll Warbler

Bay-breasted Warbler

Blackburnian Warbler

Yellow-rumped Warbler

Cape May Warbler

Magnolia Warbler

Blue-headed Vireo

Swainson’s Thrush

Ruby-crowned Kinglet

Golden-crowned Kinglet

Winter Wren

Brown Creeper

Red-breasted Nuthatch

Boreal Chickadee

Gray Jay

Swainson’s Thrush

Pileated Woodpecker

Black-capped Chickadee

Large conifer trees

Yellow-bellied Flycatcher

Small conifer
trees

9-100

Species may be present in a community depending on geographical range or other habitat requirement. Categories are oversimplified to represent general trends. Species
occur in more than one category if they occur predominantly in more than one habitat type.
Species marked in italics can occur in many habitat types.
Bird communities in mixedwood habitats can be highly variable depending on tree composition and structure of conifer and deciduous species.
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White-throated Sparrow

Lincoln Sparrow

Song Sparrow

Savannah Sparrow

Dark-eyed Junco

Chipping Sparrow

Rusty Blackbird

Common Yellowthroat

American Robin

Tree Swallow

Common Snipe

Alder Flycatcher

Alder Flycatcher

Solitary Sandpiper

ALBERTA RESEARCH COUNCIL

2.
3.

1.

Mountain Bluebird

Tree Swallow

Boreal Chickadee

Black-capped Chickadee

White-breasted Nuthatch

Red-breasted Nuthatch

American Kestral

Winter Wren

Brown Creeper

Northern Flicker

Downy Woodpecker

Hairy Woodpecker

Three-toed Woodpecker

Black-Backed
Woodpecker

Young forest
(shrubs and
small deciduous
trees)

List of species in bird communities, categorized by habitat association and as used in categories in Figure 9.1. Please see text for details.

Birds associated with:
Large snags (i.e.
Open country
primary and
(small shrubs
secondary cavity
and grasses)
nesters)

APPENDIX 9.2

BOREAL BIRDS

MAMMALS

CHAPTER 10: MAMMALIAN RESPONSE TO WILDFIRE AND
HARVESTING
Jason T. Fisher and Lisa Wilkinson
INTRODUCTION

Forest disturbance can have
dramatic stand-level effects on
mammalian populations.

Forest disturbance can have dramatic stand-level effects on mammalian
populations. Changes in abundance, shifts in species dominance and
community structure, and alterations in distribution patterns are all hallmarks
of both timber harvest and fire. The nature of these changes over successional
time in burned and in harvested stands are presented in this chapter. It
summarises available literature on disturbance impacts on mammals in the
boreal forest, provides some extrapolation from other ecotypes, and identifies
gaps in our knowledge of stand-level effects. It highlights the differences
between fire and harvest, and tracks changes in mammal populations over
time. It also emphasises the differences between disturbed stands with live
residuals and without live residuals. As will be seen, the function of live
residuals in maintaining populations and facilitating recolonisation after
disturbance is considerably important.
Changes in mammal diversity and abundance are tracked through forest
successional time, through the initiation stage (0-10 years), establishment
stage (11-25 years), aggradation stage (26-75 years) and mature/old growth
stage (76-125+ years). These stages follow the same timeline used in previous
chapters with the exception of the final stage. No data could be found to
distinguish mammalian response to mature (76-125 years) stages from old
growth (125+ years) stages. Although stand structure and diversity
characteristics between these two stages may be different, leading to
differences in mammalian abundance and diversity, the studies reviewed did
not lead to a clear distinction between them. Therefore, the two stages were
combined into a single successional stage.

Mammal species are grouped
based on shared characteristics.
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There are more than 25 species of mammals included in this chapter. Some
groups of species respond similarly to a disturbance type throughout
successional time, so a species-by species analysis would in these cases be
cumbersome and uninformative. In many cases data for a particular species, at
each successional stage, and for each disturbance type, do not exist. For these
reasons, some mammal species have been grouped together based on shared
life history characteristics. Data on the response to disturbance of well-studied
species have been used to infer the response of less-studied species. Where
actual data are lacking, this has been noted, and the basis for inferences
clearly outlined. The data gaps revealed by this process are as important as the
known data, as these show where potential problems and liabilities exist;
these gaps usually fall within the predator community. Mammals are unique
among terrestrial faunal classes in that one species can have significant
influence on another species due to tight predator-prey relationships. Gaps in
the knowledge of predator species, which are substantial, profoundly impact
the interpretation of prey response to disturbed areas.

10-1

MAMMALS

Scope of this chapter.

Three subjects are covered in this chapter. Section 1 deals with the
mammalian response to regenerating areas over successional time. Section 2
reviews mammals’ response to naturally- and anthropogenically-derived
edges, and how this influences the response to disturbance. Section 3
highlights the importance of riparian areas to mammals, and outlines the
benefits and detriments of using these to provide connectivity in a harvest
regime.
MAMMALIAN RESPONSES TO REGENERATING AREAS
Initiation Stage: 0-10 Years Post-Disturbance
Parallel Successional Development
Burned Stands Without Residual Live Trees
The response of small mammals – deer mice (Peromyscus maniculatus), voles
(Clethrionomys gapperi and Microtus pennsylvanicus ), chipmunks (Eutamias
minimus), and shrews (Microsorex, Blarina and Sorex spp.) to forest fires is
unfortunately not consistent or straightforward. There is considerable
variability among studies regarding the effect fire has on small mammal
communities.

Small mammal abundance
increases with time post-fire,
corresponding with specific
habitat requirements.

Typically, deer mice are
dominant immediately postfire.
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Small mammal abundance typically increases with successional age after fire,
in a manner that corresponds well with species-specific habitat associations
(Simon et al. 1998). Where fire is a recurring disturbance on the landscape,
changes in small mammal communities are manifested as shifts in relative
abundance, rather than as a sequential replacement of species (Fox 1990). The
severity of the burn will influence the degree to which these shifts occur.
Differences in site characteristics, successional stage, and surrounding habitat
prior to wildfire also influence small mammal distribution and abundance in
burns (Black & Hooven 1974). In general, recolonisation of burns follows a
pattern: granivores dominate early successional sites; foliovores follow when
grasses and sedges appear; and omnivores appear on tree-dominated sites
(Fox 1990).
In the initial post-fire period, the small mammal community is typically
dominated by deer mice (Peromyscus maniculatus). Deer mice commonly
colonise areas following disturbance (Hooven 1969), and can sometimes
survive low intensity fires. Deer mice are habitat generalists; as omnivores
they are able to find food in burns, particularly in conifer stands where seeds
are often abundant. Immediately following wildfire, deer mice were more
abundant in burned than unburned jack pine stands, while the opposite trend
occurred in mixedwood stands (Buech et al. 1977). In that study, all mice
captured were juveniles, suggesting that recent burns could initially be acting
as dispersal sinks. Following fire in a mixedwood forest in Minnesota, deer
mice predominated the small mammal community for the first seven years,
but decreased in the following six years, during which time red-backed vole
(Clethrionomys gapperi) abundance increased, likely due to increased cover
(Krefting & Ahlgren 1974). However, in boreal aspen stands, deer mice were
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uncommon one year post-fire while red-backed voles were common
(Marinelli unpubl. data).

Red-backed voles may be
abundant shortly after fire,
although they have been
considered old-growth
specialists.

Meadow voles are associated
with grass cover.

Insectivorous shrews are less
affected by changes to the
plant community following
wildfire.

Red squirrels and flying
squirrels, which typically
require large mature trees, are
rare in burned areas.
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Red-backed voles are considered old-growth specialists due to their
association with dense cover, mesic microclimates, and DWM (Miller & Getz
1977, West et al. 1980, Yahner 1986, Wywialowski & Smith 1988, Nordyke
& Buskirk 1991, Morris 1969). Despite these habitat associations, red-backed
voles are often found in disturbed sites in boreal Alberta (Marinelli unpubl.
data, Corkum 1999). Vole populations increase as sites regenerate, but may
respond slowly to vegetation changes following fire due to reduced cover and
food (Krefting & Ahlgren 1974). Red-backed voles have repopulated burns
within three years following wildfire (Krefting & Ahlgren 1974, Simon et al.
1998). Notably, Marinelli (unpubl. data) found high red-backed vole
abundance one year after wildfire in boreal aspen-dominated stands.
Because grasses tend to dominate the plant community shortly following
disturbance, grassland species such as meadow voles (Microtus
pennsylvanicus) and jumping mice (Zapus hudsonius) colonise burns
(mixedwood: Krefting & Ahlgren 1974). Meadow voles in particular are
associated with grass cover (Adler & Wilson 1989), and have been found in 1
year-old (aspen-dominated mixedwoods: Marinelli unpubl. data) and 3 yearold burns (black spruce: Simon et al. 1998).
As insectivores, shrews are less directly dependent on the plant community
compared to herbivorous small mammals (Kirkland 1977). Consequently,
changes in shrew population size due to fire and harvest may not be as
dramatic as changes for other small mammal species (Gunther et al. 1983,
Probst & Rakstad 1987). Most shrew species, including the masked shrew
(Sorex cinereus), a common boreal species, require hydric and mesic
microclimates and are associated with litter and shrub cover (Getz 1961,
Wrigley et al. 1979, MacCracken et al. 1985). Consequently, shrews may not
be present after intense fires that consume the litter layer (Black & Hooven
1974). Only a small number of masked and pygmy (Microsorex hoyi) shrews
were captured in aspen-dominated mixedwood stands one year post-fire
(Marinelli unpubl. data), and masked shrews were present, but at lower
abundance than in pre-fire aspen-fir-spruce stands (Buech et al. 1977).
Another mixedwood study did not detect any distinct shrew population trends
following wildfire (Krefting & Ahlgren 1974).
The red squirrel (Tamiasciurus hudsonicus) is a conifer seed specialist (Kemp
& Keith 1970, Rusch & Reeder 1978) and is not often found in aspen stands
without spruce clumps nearby, although their association with mixedwood
aspen may increase in a burned landscape where spruce has been largely lost
(Fisher 1999). Fire destroys seed sources and den sites, so red squirrels are
unlikely to be found in recently burned stands. Although squirrels have been
found in <10 year-old burned mixedwood stands (Fisher 1999), they likely
only forage opportunistically for supplementary foods in these areas, rather
than colonise them as fully utilised home ranges. Crête et al. (1995) found red
squirrel abundance increased with forest age post-fire. Although wildfires
typically leave standing wood, denuded (dead) trees provide little protective
cover for the red squirrel or for the northern flying squirrel (Glaucomys
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sabrinus). For flying squirrels, key habitat components are lost from burn
sites. These components include large live and dead trees for dens (white
spruce: Mowrey & Zasada 1984; Douglas-fir: Rosenberg & Anthony 1992,
Witt 1992, Carey 1995) and fungal and lichen food sources (Rosenberg &
Anthony 1982, Maser et al. 1985, 1986, Waters & Zabel 1995). Chipmunks
(Eutamias minimus) may be common in burns when a variety of seeds are
available (Krefting & Ahlgren 1974), but typically forage around edges to
avoid predation (Nupp & Swihart 1998) and remain in close proximity to
burrows (Bowers 1995).

Snowshoe hares require cover
not found in recently burned
habitats.

Bat activity in post-fire stands
is unknown.

Marten in young burns are
juveniles, indicating burns are
poor habitat.
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Snowshoe hare (Lepus americanus) use of recent burns is minimal, as they
require dense understories (Conroy et al. 1979, Wolfe et al. 1982, Litvaitis et
al. 1985ab, Férron & Ouellet 1992), adequate vegetative structure (Férron &
Ouellet 1992), and habitat interspersion (Conroy et al. 1979). Hares generally
avoid large open areas (Pietz & Tester 1983, Férron & Ouellet 1992). Hare
habitat use has been correlated with cover density when shrub heights are
over one metre (Wolfe et al. 1982, Pietz & Tester 1983), which provides
thermal cover and protection from predators (Wolff 1980, Buehler & Keith
1982). Hares were not detected in boreal aspen-dominated mixedwood stands
one year post-fire (Marinelli unpubl.), and would remain uncommon in boreal
stands throughout much of this successional stage.
Habitat use by bats immediately post-fire has not been studied. It is likely that
bats would forage around edges of burns, but activity levels within burns
would be highly variable depending on the density of trees left standing; bats
tend to avoid foraging in obstructed environments such areas with a high
density of snags. Bats typically roost in large live or dead trees with loose
bark or cavities (Betts 1998, Crampton & Barclay 1998, Kalcounis &
Brigham 1998, Vonhof & Wilkinson 1999), but it is unknown whether bats
roost in trees left standing post-fire. Vonhof and Gwilliam (1998) noted that
big brown bats (Eptesicus fuscus) occasionally roosted in residual trees in
cutblocks, therefore it is possible that bats would roost in post-fire residual
trees, provided the trees had cavities and/or loose bark in addition to adequate
insulating properties.
Marten (Martes americana) are typically associated with woody cover
(Steventon & Major 1982, Bateman 1986, Buskirk 1984), but this predatory
mustelid does make use of recent burns to exploit the increase of small
mammal prey abundance. Marten were found in higher abundance in <10
year-old burns than in older (ca. 25 year-old) burns in Alaska, most likely due
to higher prey density in this seral stage (Paragi et al. 1996). However,
demographic analysis indicated that the marten in the younger burns were
juveniles and transients; this suggests that young burns are sinks (Pulliam
1988) for marten dispersing from contiguous unburned source habitats (Paragi
et al. 1996). If this is the case, the spatial arrangement of burns on the
landscape may play more of a role in marten colonisation post-disturbance
than within-stand characteristics; burns juxtaposed with unburned habitat will
decrease marten abundance on the landscape. The importance of patch
arrangement also applies to clearcut landscapes (Chapin et al. 1998). Data for
other mustelids - including short-tailed weasels (ermine, Mustela erminea),
long-tailed weasels (Mustela frenata), and fisher (Martes pennanti) – are
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scant. Although, like marten, these animals are often associated with abundant
woody cover (Arthur et al. 1989, Badry et al. 1997, Bateman 1986, Buskirk
1984, Koehler & Hornocker 1977, Pinsonneault et al. 1998, Snyder &
Bissonette 1987, Steventon & Major 1982, Thomasma et al. 1991), as
carnivores their activity and distribution is closely linked with their prey base
– small mammals and hares. Although few studies were found that examined
mustelid use of young burns, it is expected that they might make use of these
sites for foraging as small mammals recolonise them, with degree of use
varying as a function of amount of available cover. It is also likely that fisher
exploiting these lower quality habitats are juveniles, and that burns act as
population sinks. Fisher abundance is expected to be much lower compared to
later successional stages, based on their reliance on woody cover. The
exception to this may be short-tailed weasels. Breeding females make use of
young cutblocks (Lisgo 1999) and may exploit resources found in young
burns as well, although differences in slash content (see Chapter 5) and prey
base between burned and cut stands may preclude short-tailed weasel use of
burns.

Lichen-reliant caribou
abandon burned areas.

Historically, fire has been a
key disturbance factor
maintaining young seral stages
of vegetation favoured by
moose.
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Caribou (Rangifer tarandus) feed primarily on lichen. This is often the sole
food source in winter, and is augmented by shrubby vegetation in summer
(Rettie et al. 1997). A paucity of lichen is usually linked with abandonment of
an area by caribou (Schaefer & Pruitt 1991). Fire often destroys most lichen
growth within burns; there is a steady increase in lichen mat thickness as
stands progress from the 1-15 years age class to >90 years age class
(Arseneault et al. 1997). Although young burns may be an abundant source of
regenerating vegetation for summer browse, the lack of lichen for winter
forage tends to make these areas unsuitable for caribou, often prompting
caribou to abandon burned sites (Schaefer & Pruitt 1991). As well, deadfall
accumulates in young burns, providing physical barriers to caribou use; this is
prevalent about 5 years after burning, making this age stand of burn unusable
in some instances (Schaefer & Pruitt 1991). Despite these problems and a
known preference for mature forests (Arseneault et al. 1997, Chubbs et al.
1993), a study in British Columbia found that caribou selected burns and sites
with regenerating brush in the spring (Boonstra & Sinclair 1984). Caribou
tend to have extremely large home ranges, and even sedentary woodland
herds will shift in space according to habitat and environmental conditions
(Mahoney 2000); therefore any response to fire is likely to be short-term and
with minimal impact on populations. Interestingly, fire may have long-term
beneficial consequences. Old-growth stands (>150 years) tend to exhibit
replacement of lichens with feather mosses; fire restarts succession and may
act to keep lichen-dominated mature forests on the landscape (Schaefer &
Pruitt 1991).
Other ungulates, including moose (Alces alces), white-tailed deer (Odocoileus
virginianus), black-tailed deer (Odocoileus hemionus), and elk (Cervus
elaphus) are browsers and grazers that make use of young seral stages – sites
with regenerating trees, brush, and grasses – for foraging (Bergerud & Manuel
1968, Cairnes & Telfer 1980, Cederlund & Okarama 1988, Collins &
Schwartz 1998, Pearson et al. 1995). Historically, fire has been a key
disturbance factor maintaining young seral stages of vegetation favoured by
moose [see Krefting (1974) for review; see also Spencer and Hakala (1964)
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Young seral stages offer
abundant forage for moose, elk
and deer.

The use of recently burned
areas by canids represents a
critical data gap.
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for monograph on moose and fire in Alaska]. Burn sites have historically
served to maintain young seral stages in the landscape; these seral stages
provide abundant browse for moose. In Alaska, moose occupied burn sites
immediately post-burn; moose use of these burns sites was greater than
expected up to four years post-fire (Gasaway et al. 1989, see also
MacCracken & Viereck 1990). Moose with limited exposure to a burned site
pre-fire shifted their home ranges to include those sites post-fire. In cases
where burned areas were already included in a moose home range, the time
spent by moose in these burned locales increased (Gasaway et al. 1989).
Ungulates other than moose make use of the abundant forage in burned sites
as well. In Yellowstone, elk grazed on the aspen suckers abundantly occurring
in young burn sites, although there were no differences in browsing intensity
between burned or unburned sites (Romme et al. 1995). Pearson et al. (1995)
found elk used <10 year-old burn sites more often than expected, although
this changed seasonally. Interestingly, the spatial arrangement of burned area
on the landscape did not influence elk use or grazing intensity (Pearson et al.
1995), suggesting this is a stand-level selection process. In general young
burns with regenerating forage will be occupied by moose and other browsers
and grazers, although white-tailed deer prefer some cover (Kearney & Gilbert
1976, Lyon & Jensen 1980). Excessive downed woody material (DWM) may
inhibit movement by ungulates and discourage use of burns (Lyon & Jensen
1980). These limitations aside, the rate at which browse regrowth occurs is a
notably important predictor of ungulate abundance post-fire. Aspen stands (70
years old) in Alaska contained abundant browse within two months post fire,
and moose utilised these burns the first post-fire winter. These aspen stands
produced ten times as much browse as spruce/birch stands 130+ years old
(MacCracken & Viereck 1990). It follows that pre-fire stand composition and
stand age play a weighty role in determining post-fire re-occupation rates and
abundances of ungulates.
Few data exist on the use of young burns by canids, including red fox (Vulpes
vulpes), coyotes (Canis latrans), and wolves (Canis lupus). Like mustelids
these carnivores forage where prey is available, which could possibly include
young burns after colonisation by small mammals and ungulates. The lack of
woody cover in burns would likely not deter coyote or wolf occupation, as
they are known to inhabit open or diverse areas (Ballard & Dau 1983, Dekker
1983, Gese et al. 1995, Harrison et al. 1989, Koehler & Hornocker 1991, but
see Mladenoff et al. 1999). Nonetheless it appears that wolves may select
against recently burned stands. Wolves in Alaska tended to avoid a burned
area for two years post-fire; usage of the area returned to pre-fire conditions
after three years post-fire (Ballard et al. 2000). Wolves’ use of the area shifted
seasonally (Ballard et al. 2000), possibly in conjunction with shifts in prey
base. Fox have been found in association with conifer burns in Quebec (St
Georges et al. 1985) although this was only an observation; fox response to
young burns has never been assessed scientifically. Foxes and coyotes have
been found in fragmented landscapes, suggesting they might benefit from
forest disturbance (Oehler & Litvaitis 1996), though again no studies have
explicitly addressed young burns. Changes in usage of a burned area by
canids may be attributed to shifts in the ungulate and small mammal prey base
in response to the burn, and this will vary with the size and intensity of the
fire and the stand’s pre-fire condition. It should be strongly noted that few if
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any data exist that actually test the observations and hypotheses presented
above. This represents a critical data gap, as predators may have a significant
impact on prey species and their response to forest disturbance at the stand
level.

Recent burns generally lack
the habitat features favored by
bears.

There are little data on bears’ use of burned stands. Black bears (Ursus
americanus) make use of regenerating forests, but when denning prefer
mature forests to regenerating ones. This is most likely due to the lack of large
overturned windblown trees (Tietje & Ruff 1980). Bears prefer aspen stands
over muskeg due to the higher abundance of food-producing shrubs in the
former (Pelchat & Ruff 1983). These shrub species are often found in sites
regenerating after burns (see Chapter 6). The creation of early successional
habitat by fire likely has a positive impact on bears by increasing availability
of preferred foods (Hamer 1996). Again there are significant gaps in studies
that explicitly test bears’ response to fire and harvest and the ensuing impact
on prey species, and such information is critical in assembling a complete
picture of the mammalian response to forest fires.
Cut Stands Without Residual Live Trees (Clearcuts)

Overall, small mammal
populations react positively to
clearcuts, although
considerable site variation
exists.

Habitat generalists or
grassland species are the first
small mammals to inhabit
clearcuts.
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Within the first ten years following clearcutting, considerable changes occur
to the small mammal community (Martell & Radvanyi 1977, Probst &
Rakstad 1987, Steventon et al. 1998), although there is considerable variation
in the direction and intensity of change. Several studies have recorded a
decrease in diversity, density and/or abundance of small mammals post-cut
(Martell & Radvanyi 1977, Swan et al. 1984, Martell 1985a, Probst &
Rakstad 1987). In contrast, other studies have recorded an increase in small
mammal diversity, density and/or abundance (Kirkland 1977, Monthey &
Soutiere 1985, see review Kirkland 1990). For instance, Clough (1987) found
that cut and burned (1-4 year-old) sites had high small mammal diversity but
low relative abundance (Clough 1987); whereas newly clearcut mixedwoods
sites had a relative abundance of small mammals (Peromyscus maniculatus,
Clethrionomys gapperi, and Blarina brevicauda) not significantly different
than uncut sites adjacent to the cuts. Kirkland (1990) reviewed 21 studies
investigating harvesting practices on small mammals, and concluded that
overall, small mammals demonstrated a positive response to recent clearcuts
even though considerable site variation existed.
As with wildfires, clearcuts are first colonised by small mammals considered
to be habitat generalists or grassland species. Rapid regrowth of herbs and
shrubs creates adequate vegetative cover and humid microclimates for some
forest-associated species, but for other species, cover remains inadequate for
several years. Vegetation, in concert with invertebrates found in woody debris
and leaf litter, provide food for several species, although fungi are depleted
following harvest (Bradbury et al. 1998). Downed woody material is more
abundant in clearcuts than in fires, and the litter layer is less likely to be
destroyed during harvest than during fire. With one exception, species
responded similarly in recently harvested deciduous and coniferous stands,
suggesting that differences between these stand types may be minimal for
most small mammals (Kirkland 1990). Aspen may influence wildlife habitat
more quickly because of rapid early growth, creating vertical structure and
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abundant biomass of forage materials, and may ultimately support a greater
biodiversity of wildlife habitat values due to the diversity of understorey
shrub and herb species (Peterson & Peterson 1992). However, coniferous
stands play an integral role for seed consumers and upon regrowth may
provide superior snow cover in winter. Another important factor influencing
the post-harvest small mammal community is availability of downed woody
material (DWM), which is affected by post-harvest silviculture practices.

Deer mice are common to
abundant in recent clearcuts of
aspen and conifer.

Deer mice populations
gradually decline as forest
succession advances.

Red-backed vole abundance in
clearcuts is highly variable.
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Deer mice are common to abundant in recent clearcuts in coniferous
(Gashwiler 1970, Hooven & Black 1976, Sullivan 1979, Ramirez &
Hornocker 1981, Gunther et al. 1983, Walters 1991, Steventon et al. 1998)
and aspen stands (Probst & Rakstad 1987, Merkens & Booth 1998). In his
review, Kirkland (1990) noted that in general, deer mice showed a positive
initial response to clearcutting in coniferous stands, but tended to decline in
deciduous stands, where there was likely less post-harvest seedfall. Deer mice
are habitat generalists (e.g. Walters 1991) and should therefore find adequate
food on clearcuts, particularly seeds and insects (Tevis 1956, Hooven & Black
1976, Gunther et al. 1983). Proliferation of herbaceous vegetation after
clearcutting should be beneficial (Kirkland 1990) in providing both food and
cover; cover has been associated with higher densities and overwinter
survivorship of deer mice relative to habitats with low cover (Van Horne
1982). However, Miller and Getz (1977) found that deer mice were more
abundant in habitat with less herbaceous cover.
Deer mice populations generally peak in recent clearcuts, then gradually
decline as forest succession advances (Ramirez & Hornocker 1981). Studies
have recorded peak densities as ranging between two and five years postharvest (Martell & Radvanyi 1977, Ramirez & Hornocker 1981, Martell
1985a) and in aspen stands, densities are higher in one year old cutblocks than
cutblocks which are several years old (Probst & Rakstad 1987, Merkens &
Booth 1998). Early recruitment in clearcuts suggests that clearcuts may act as
dispersal and/or behavioural sinks for subordinate and juvenile deer mice
(Sullivan 1979, Martell 1983a). In this context, it is likely that clearcuts are in
fact suboptimal habitat, but a habitat which mice, juvenile males in particular,
are able to colonise successfully during the breeding season (Sullivan 1979).
Moreover, Van Horne (1982) noted that juvenile deer mice showed a negative
association with herb, shrub and tree cover, while adult mice showed the
opposite association. It is important to consider that many studies only trap in
the fall when populations are inflated and can misrepresent abundance of deer
mice, and similarly, studies that only encompass one season may also not
accurately reflect the small mammal community (Sullivan 1979).
Boreal red-backed voles (Clethrionomys gapperi) are also found in clearcuts,
but there is disparity as to the extent to which they use recent clearcuts. These
discrepancies, in part, emphasise the significance of site-specific differences
and their effects on small mammal communities (Martell 1983a). Several
studies have documented low or decreasing abundance of red-backed voles in
clearcuts 1-3 years post-harvest in coniferous (Tevis 1956, Gashwiler 1970,
Sims & Buckner 1973, Hooven & Black 1976, Martell & Radvanyi 1977,
West et al. 1980, Scrivner & Smith 1984, Martell 1983ab, Steventon et al.
1998), and aspen stands (Probst & Rakstad 1987). Conversely, other studies
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in the same post-harvest period found that voles were common or abundant in
clearcuts in coniferous (Gunther et al. 1983, Monthey & Soutiere 1985,
Walters 1991) and hardwood stands (Kirkland 1977, aspen: Merkens & Booth
1998). In boreal Alberta, red-backed voles were abundant in recently
harvested mixedwood sites (Marinelli unpubl. data). Kirkland (1990)
concluded that most studies recorded an initial positive response by voles to
clearcutting, and that C. gapperi was the species responsible for the overall
increased abundance of microtines in clearcuts. Miller and Getz (1977)
suggested that red-backed voles and deer mice have a relatively wide habitat
breadth.

High vole populations after
clearcutting may decline
before returning in later
stages. This is likely linked to
the presence of downed woody
material.

Meadow voles and jumping
mice can be found in grassy
cutblocks. Jumping mice
prefer deciduous habitat.
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However, high vole abundance in new clearcuts may not persist; in black
spruce clearcuts, red-backed voles initially dominated small mammal
communities, but declined by the end of the second or third summer following
harvest, by which time deer mice were dominant (Martell & Radvanyi 1977,
Martell 1983a). Similarly, vole abundance was higher in 1-3 year-old
clearcuts than in 4-8 year old clearcuts (Monthey & Soutiere 1985). Gunther
et al. (1983) suggested that while extensive ground cover in young clearcuts
supported high vole abundance, voles would likely leave clearcuts once
lichens, a food item, were eliminated. After the initial response to
clearcutting, most studies found that red-backed vole abundance eventually
increased with stand age (conifer: Martell 1983b, Monthey & Soutiere 1985;
aspen: Probst & Rakstad 1987). Ground cover may be necessary to create
suitable levels of moisture in soil and litter for voles, possibly by
accumulating dew (Hooven 1969). Kirkland (1990) noted that herbaceous
plants in clearcuts tend to accumulate more dew cover than the same plants in
adjacent forest, thereby creating suitable habitat for some forest-associated
species. Although cover in young clearcuts may be sufficient to support voles
in summer, cover may be insufficient in winter (West et al. 1980). Monthey
and Soutiere (1985) suggested that the apparent preference of red-backed
voles for 1-3 and 9-18 year-old clearcuts over 4-8 year-old clearcuts was due
to their affinity for downed woody material, present in early stages, and low
evergreen cover, present in later stages of cutblock regeneration. Certainly,
post-silviculture treatments will influence habitat quality for voles and other
small mammals by altering the amount of moss, low shrub and DWM left on
the clearcut (refer to section on DWM and post-harvest silviculture
treatments).
Grassland species, such as meadow voles (Microtus pennsylvanicus) and
jumping mice (Zapus hudsonius), are also found in recent clearcuts. Meadow
voles in particular are common in young clearcuts (conifer: Martell &
Radvanyi 1977, Gunther et al. 1983, Steventon et al. 1998; aspen: Probst &
Rakstad 1987, Merkens & Booth 1998). Kirkland (1990) found that overall,
meadow voles were present in clearcuts in moist regions. Although there is
some overlap in habitat between red-backed and meadow voles, the two
species typically exclude each other (Morris 1969). Jumping mice also tend to
respond favourably to clearcutting (Kirkland 1990), but may not be prevalent
immediately after harvest (Merkens & Booth 1998). They have been recorded
in grassy areas of cutblocks (conifer: Sekgororoane & Dilworth 1995; aspen:
Probst & Rakstad 1987, Merkens & Booth 1998), and have higher abundance
in deciduous cutblocks compared to coniferous cutblocks (Kirkland 1977).
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Increased litter, cover and
DWM in clearcuts create a
more favourable habitat for
shrews than does structure left
after fire.

Predictably, red squirrels,
flying squirrels and chipmunks
are negatively affected by the
removal of trees.

In general, shrews tend to be less common in recently burned sites compared
to recently harvested sites because of reduced litter, vegetative cover, and
DWM (a source of invertebrate prey). Shrews may be more common in
clearcuts than in burns because greater volumes of DWM would likely
support invertebrates associated with the breakdown of woody debris
(Merkens & Booth 1998). Consequently, Kirkland (1990) concluded that
shrews generally exhibited a positive response to clearcutting, a response
which has been observed in several forest types (conifer: Sekgororoane &
Dilworth 1995, Steventon et al. 1998; hardwood: Kirkland 1977), including
aspen (Probst & Rakstad 1987). In addition to food availability, shrews may
be abundant in young clearcuts because of a moist microclimate created by
heavy dew and shading (Wrigley et al. 1979, MacCracken et al. 1985,
Merkens & Booth 1998).
Both red and flying squirrels are found infrequently in recently disturbed
sites, whereas chipmunks are found in both wildfire and harvest stands. Red
squirrel captures were greater in one year post-harvest stands compared to one
year post-fire stands in boreal aspen-dominated forest, although sample size
was low (Marinelli unpubl. data). Thompson et al. (1989) found that red
squirrel tracks were less abundant in young clearcuts than in old clearcuts and
uncut stands. Red squirrels were noted in aspen cutblocks in Alberta, and
squirrels nesting in conifer stands included nearby aspen cutblocks in their
home ranges (Fisher 1999), although cutblocks were likely occasional
summer foraging grounds rather than a core part of a defended territory. Red
squirrels are more abundant in spruce stands than aspen stands because of
their reliance on cone seeds (Kemp & Keith 1970, Rusch & Reeder 1978), but
they also feed on seasonally produced berries and fungus that are found in
young regenerating aspen cutblocks with flowering shrub growth. The
juxtaposition of spruce stands, aspen, and cutblocks was a significant positive
predictor of squirrel presence in the summer (Fisher & Boutin in prep.),
indicating that the arrangement of cutblocks on the landscape can influence
the distribution of this arboreal sciurid. Kirkland (1990) found that the
response of chipmunks and squirrels to clearcutting was variable, although in
general, abundances of tree dwelling species such as red squirrels and flying
squirrels (Glaucomys sabrinus) were reduced in clearcuts. Flying squirrels
would be expected to be entirely absent from cutovers without live residuals
due to a lack of large old trees for den sites and cover (see Carey et al. 1999
for discussion of habitat requirements). Chipmunks generally showed a
positive response to clearcutting (Kirkland 1990). Least chipmunks (Eutamias
minimus), a boreal species, have been found in clearcuts where they were
associated with cutblock edges (black spruce: Martell & Radvanyi 1977;
aspen: Probst & Rakstad 1987, Merkens & Booth 1998; and sapling aspen
stands: Probst & Rakstad 1987). Despite their occasional occurrence in
clearcuts, the relative abundance of these animals is likely lower than in old
growth areas.
Whether harvest or burn, snowshoe hares seldom occur in stands of this
young successional stage due to lack of suitable understorey cover. Snowshoe
hare use of clearcuts is similar to post-fire use; they are absent or uncommon
(Burgason 1977 in Litvaitus et al. 1985b, Hooven & Black 1976; boreal
aspen: Westworth et al. 1984, Férron et al. 1998). Thompson et al. (1989)
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found that hare tracks were least abundant in recent (<5 years old) clearcuts
compared to older regenerating and uncut stands. Limited hare activity in
cutblocks is presumably due to availability of winter browse (Monthey 1986)
and tends to be restricted to edges where dense understorey is available
(Conroy et al.1979). In the southern boreal forest, Férron et al. (1998) found
that hares had not returned to clearcuts after four years, and predicted that
black spruce habitat would not be suitable until at least ten years after
logging, with hares not reaching peak densities until 30 years after harvest.
Similarly, Burgason (1977) found that hares began to return to cuts with
regenerating spruce-fir after 6-7 years, reaching peak densities after 20-25
years.
Bats forage in clearcuts (e.g. Erickson & West 1996, Fisher unpubl. data), but
concentrate their foraging effort along block edges (Crampton & Barclay
1998, Grindal 1996). Some bat species will avoid flying across large open
areas (Lunde & Harestad 1986, de Jong 1994, Grindal 1996). Bat foraging
strategy is influenced by echolocation call type and wing morphology (Fenton
1990), such that some bats are better adapted to forage in cluttered habitats.
As a consequence, clearcuts may be suitable foraging habitat for large, fast
flying and less manoeuvrable bats (Erickson & West 1996). However,
availability of suitable roosts is likely the limiting factor for bats; clearcuts
without live residuals do not provide roosting habitat and hence will not
support bats on their own. The landscape arrangement of cuts used for
foraging and old growth stands used for roosting may be an important
predictor of bat distribution, although this has never been studied.
Young cutblocks, like young burns, contain a small mammal prey base that
one might expect to be exploited by predatory mustelids. However, most data
suggest that clearcuts are selected against or are suboptimal habitat for larger
mustelids. Fishers tend to avoid cutblocks (Arthur et al. 1989), and young
seral stages (Weir & Harestad 1997), and prefer mature forests with high
canopy cover and large DWM (Badry et al. 1997, Thomasma et al. 1991,
Buck et al. 1994). In contrast it was found in Alberta that fishers selected
cutblocks >6 years old along with other habitat elements (Pinsonneault et al.
1998). In spite of high prey biomass, marten captures are not correlated with
prey abundance in logged areas (Hargis et al. 1999). Marten prefer mature
forests with closed canopy cover (Bateman 1986, Steventon & Major 1982),
although will enter open areas like clearcuts to forage (Koehler & Hornocker
1977). Densities of marten in clearcut stands were significantly lower than
partial cut or undisturbed stands in Maine (Soutiere 1979). In Ontario,
Thompson (1994) found that marten densities were ca. 90% higher in uncut
forests than in logged forests 0-30 years old. The marten in those uncut areas
were older than marten living in logged areas, indicating that older forests
provided higher quality habitat while clearcuts were likely sinks. Potvin et al.
(2000) found that marten selected against open regenerating cutblocks less
than 20 years old. In Newfoundland marten generally avoided clearcuts <15
years of age without residuals, instead preferring residual stands (Snyder &
Bissonette 1987). However, it should be noted that some marten were trapped
in this age-class clearcut, and that these marten were resident adults, not
juveniles or transients. This indicates that clearcuts may be usable by marten
but in very low densities (Snyder & Bissonette 1987). In Ontario marten
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rarely stayed in deciduous stands longer than 1-year post-harvest; those that
did were often younger, experienced higher mortality, (Thompson 1994), and
had lower hunting activity and success rates (Thompson & Colgan 1994),
unlike the Newfoundland study. This suggests that young clearcuts might be
acting as population sinks for marten. This may be true for fishers as well,
based on their similar habitat requirements. It should be noted that the
landscape pattern of cuts also influences marten distribution; marten were
nearly absent from landscapes where >25% of the land base was harvested
(Hargis & Bissonette 1997, Hargis et al. 1999). In contrast to these larger
mustelids, short-tailed weasels, particularly females, made extensive use of
young aspen cutblocks in Alberta (Lisgo 1999). Short-tailed weasels foraged
in cutblocks and used slash piles and tree bases as resting sites. Their
abundance in new cutblocks relative to regenerating stands of other ages, or to
uncut stands, is unclear however. Thompson et al. (1989) found no consistent
pattern in short-tailed weasel abundance over different successional stages.
No data could be found on long-tailed weasels’ response to clearcutting, but
their ability to utilise a broad range of open natural and anthropogenic habitats
(Proulx & Drescher 1993) suggest they could exploit clearcuts and the small
mammal prey base found there.
Caribou tend to move away from young clearcuts during operations and
immediately post-disturbance, but return fairly quickly. In Newfoundland,
50% of collared caribou moved away from cutting operations but returned one
year post-cut (Chubbs et al. 1993). In the sub-alpine / upper foothills of
Alberta caribou moved away from active cutblocks but part of the herd
returned after first-pass logging (Smith et al. 2000). However, caribou
telemetry locations were significantly farther away from newly harvested
cutblocks (1-12 years old) than were random points (Smith et al. 2000),
indicating that caribou were actively avoiding these newly disturbed areas.
Rettie and Messier (2000) found that caribou tended to select clearcut areas
the least in comparison to other boreal habitat types, with few exceptions.
Some herds selected for clearcuts relatively more often, but this selection
changed seasonally, most likely in response to shifts in forage availability caribou are more likely to occupy a cutblock if lichen is still present in
adequate amounts as lichen makes up most of their diet, particularly in winter
(Rettie et al. 1997). Lack of ground treatment during harvesting operations
preserves lichen growth and facilitates lichen regeneration (Thomas &
Armbruster 1996). Although DWM may inhibit caribou movement in
clearcuts (Schaefer & Pruitt 1991), it also fosters the hydric microclimate
necessary to foster lichen regrowth and hence support caribou occupation.
In the presence of fire suppression, forest harvesting has become the most
significant disturbance regime that maintains favoured moose forage (see
Krefting 1974 for review). Moose make extensive use of young clearcuts,
selecting them over other habitat types (Cederlund & Okarma 1988, Crête et
al. 1995, Heikkilä & Härkönen 1993) and moose numbers are known to
increase significantly with amount of harvesting in the landscape (Forbes &
Theberge 1993). In Newfoundland, moose grazing of regenerating balsam fir
in cutblocks is so extensive that growth is prevented and spruce regenerates
instead (Bergerud & Manuel 1968, Thompson & Curran 1993). A study of
moose browsing intensity in cutovers of different ages and sizes indicated that
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cuts aged 7-10 years provided the most winter forage, and that within this age
range cutovers 4-50 ha in size were utilised most by moose. Thus abundance
of forage is not the sole predictor of moose usage of new cutblocks; distance
from edge and available cover also influence moose presence. Interestingly, in
Ontario moose with calves avoided these younger cutblocks, but made use of
older (20 years +) cutblocks (Thompson & Vukelich 1981), suggesting cover
may be particularly important when young are present. Even when moose are
selecting closed canopies at the stand level, a higher percentage of logging at
the landscape level supports more moose (Forbes & Theberge 1993),
indicating that habitat selection at scales beyond the stand influences moose
abundance in forested areas.
Other ungulates make use of regenerating browse and grasses in young
clearcuts as well, although cover may play an important role. Without live
residuals, ungulates may be excluded from cutovers. Black-tailed deer use
aspen cuts although cutblocks are not necessarily selected for (Collins &
Urnes 1981, Kirchhoff & Schoen 1983, Kremsater & Bunnel 1992). In Alaska
Wallmo and Schoen (1980) found that black-tailed deer in Alaska made more
use (as determined by pellet counts) of uneven-aged old growth coniferous
forest than young coniferous clearcuts or mature second-growth stands,
although this may not be extrapolatable to aspen or mixedwood systems. In
contrast, white-tailed deer in Montana also made use of young cutblocks,
selecting a regenerative stage that is a trade-off between good cover and good
forage (Lyon & Jensen 1980). St-Louis et al. (2000) found white-tailed deer
made extensive use of young cutblocks when felled trees provided browse
during the winter, although deer did not change their space use or home range
in order to exploit these areas. Both white-tailed and black-tailed deer respond
negatively to excessive slash left in cutblocks (Lyon & Jensen 1980). Whitetailed deer in Alberta preferred cutovers with high edge-to-area ratios and
small size (Tomm et al. 1981). These spatial characteristics were significant
predictors of white-tailed presence whereas forage was not, suggesting a
significant reliance upon cover. Elk graze upon aspen suckers in young
cutblocks (Romme et al. 1995) but preferred well-established cover within
them (Lyon & Jensen 1980). Edge et al. (1985) found that elk did not
significantly shift their home range size, location, or fidelity in response to
logging activity within them. In summary, ungulates do occupy young cuts
less than ten years old. Small edge-to-edge distance, large edge/area ratios,
and large amount of live residuals (q.v.) will increase probability of ungulate
occupation, likely in densities matching or even exceeding those of the precut (mature or old growth) forest. Large clearcuts without live residuals as
cover will not be extensively used by deer or elk.
Like young burn sites, few data exist on the use of young clearcuts by canids
or felids. One might expect these carnivores to forage in young cuts after
colonisation by small mammals and ungulates. Again the lack of woody cover
in clearcuts would not deter coyote or wolf occupation, as they are known to
inhabit open areas (Ballard & Dau 1983, Dekker 1983, Harrison et al. 1989,
Koehler & Hornocker 1991, Gese et al. 1995, but see Mladenoff et al. 1999).
A study in boreal Ontario found that the abundance of red fox (Vulpes vulpes)
tracks was higher in 0-5 year-old clearcuts than in uncut stands (Thompson et
al. 1989). However, lynx (Lynx canadensis) tracks were rarely found in
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recently harvested stands in Ontario (Thompson et al. 1989). These studies
notwithstanding there are significant data gaps regarding canids’ and felids’
use of 0-10 year-old clearcuts. As these predators impact prey populations and
influence behaviour (such as colonisation probabilities), research is urgently
required to obtain a complete picture of ecological processes occurring in
stands of this successional stage.
Burned Stands With Residual Live Trees

Fires in the boreal forest
typically leave standing trees
which provide nesting sites for
several small mammal species,
and ensure a future infusion of
downed woody material
(DWM) into the burn.

Data on the effect of residual
live trees on large and mid-size
mammal occupation of burned
stands are effectively nonexistent.

Burned landscapes are often not uniform. Remnants of unburned vegetation
are left behind, from which species migrate and repopulate burns (Hooven
1969, Buech et al. 1977). Live standing trees, particularly if left in patches,
provide habitat for arboreal species such as bats, red squirrels and flying
squirrels. Fires in the boreal forest typically leave standing trees which
provide nesting sites for several small mammal species, and ensure a future
infusion of downed woody material (DWM) into the burn. DWM is an
integral habitat component for many small mammal species (Tevis 1956,
Gunderson 1959, Wolff & Hurlbutt 1982, Monthey & Soutiere 1985,
Wywialowski & Smith 1988, Nordyke & Buskirk 1991, Planz & Kirkland
1992, Tallmon & Mills 1994). DWM provides cover, moist microclimates,
travel paths, burrow sites, and a substrate for food such as fungi, lichen, plants
and invertebrates (Gashwiler 1959, Gunther et al. 1983, Maser & Trappe
1984, Carey & Johnson 1995, Merkens & Booth 1998). Some fungi, which
are critical dietary components of flying squirrels (Maser et al. 1985, 1986,
Waters & Zabel 1995), are found exclusively on DWM (Carey et al. 1999). In
boreal aspen-dominated stands, burrows of deer mice, meadow voles and redbacked voles are often associated with DWM (Marinelli unpubl. data). To this
end, the presence of residuals is likely to increase abundance of small
mammals post-burn, if not the actual number of species. The lichen provided
by the DWM may also enhance the site for caribou occupation (Thomas &
Armbruster 1996), while the presence of woody cover may allow increased
use by other ungulates. It can be speculated that the small mammal and
ungulate prey base will influence the presence of mustelids (e.g. marten:
Potvin & Breton 1997), canids, and felids, but data on the effect of residual
live trees on large and mid-size mammal occupation of burned stands are
effectively non-existent. Although large boreal fires often leave patches of
unburned forest that are widely acknowledged as beneficial to wildlife, no
studies have specifically addressed the value of these remnant patches to the
boreal small mammal community. Patches should provide habitat for a variety
of species, depending on the size and successional stage of the remnant patch,
as well as the distance from contiguous forest.
Cut Stands With Residual Live Trees

If retained in sufficient
quantities, residuals may
provide habitat for old-growth
associated species in a stand at
an earlier stage of succession
than would occur in clearcuts
without residuals.
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Residuals can represent old-growth components. If retained in sufficient
quantities, residuals may provide habitat for old-growth-associated species in
a stand at an earlier stage of succession than would occur in clearcuts without
residuals (e.g. flying squirrels: Carey 1995). Retention of snags, in addition to
downed woody debris, is particularly important in short rotation stands where
old-growth attributes may not develop (Harris & Maser 1984).
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Scattered live residual trees blow down, resulting in an infusion of DWM into
cutblocks over time. As mentioned DWM is a critical habitat component for
many small mammal species (Tevis 1956, Gunderson 1959, Wolff & Hurlbutt
1982, Monthey & Soutiere 1985, Wywialowski & Smith 1988, Nordyke &
Buskirk 1991, Planz & Kirkland 1992, Tallmon & Mills 1994). DWM left on
cutblocks decomposes fairly quickly, providing fungi and lichen growth
substrates. Residuals also provide seedfall, thereby providing food for several
species of small mammals. While live and dead trees do provide habitat for
most small mammal species, the degree to which isolated trees will be used in
the absence of surrounding cover is unclear.
There is evidence that scattered residual trees are used by some species
already found in clearcuts. In boreal cutblocks, red-backed voles and deer
mice used standing dead wood for burrows (Marinelli unpubl. data). Big
brown bats (Eptesicus fuscus) occasionally roosted in large residual trees left
in the interior or edges of cutblocks, but the majority of roosts were in
contiguous stands (Douglas-fir: Vonhof & Gwilliam 1998). Bats use a suite of
roosts within a relatively small area, so while scattered residuals may provide
some roosts, they would not provide a full complement of roost sites (Vonhof
& Gwilliam 1998). Spruce residuals are used as food (seed) sources by red
squirrels (Fisher unpubl. data). Where residual trees facilitate nesting by bird
species, red squirrels will prey upon egg clutches (Tittler & Hannon 2000).
Similar to burns with residuals, cutblocks with residuals are likely to harbour
more carnivorous species due to the higher prey base occurring there. As
marten and fishers often prefer some woody cover (Koehler & Hornocker
1977, Steventon & Major 1982, Buskirk 1984, Bateman 1986, Snyder &
Bissonette 1987, Arthur et al. 1989, Thomasma et al. 1991, Badry et al. 1997,
Pinsonneault et al. 1998), the presence of residuals should also facilitate
occupation of the cut site. The larger and more abundant DWM infused by
live-tree residuals would also positively influence probability of occupation
by fishers, as they prefer cover (Buck et al. 1994, Badry et al. 1997), and by
short-tailed weasels (Lisgo 1999). Unfortunately, data on these species are
scarce. Data on marten are much more exhaustive. Potvin et al. (2000) found
that cuts <20 years old with dense regeneration were used by marten
according to their availability in the landscape, indicating that the presence of
cover aids in the occupation of cut sites. In Newfoundland, small residual
stands were used proportionally more than they were available, and were used
more often than clearcuts (Snyder & Bissonette 1987). Larger residuals were
used in proportion to their availability although there were more captures of
marten there. Within patchy residuals, those with larger trees (>15 cm dbh)
were preferred; the importance of large residuals and nearby undisturbed
stands greater than 15 ha in size was significant (Snyder & Bissonette 1987),
suggesting landscape adjacency effects influence marten distribution in
disturbed areas. Within a stand, tree height, percent overhead cover, presence
of slash, and distance to the nearest forested edge were all significant
variables explaining the differences in marten abundance between residual
and clearcut sites (Synder & Bissonette 1987). Marten densities in partial cuts
did not differ from undisturbed stands in Maine, whereas clearcuts had
significantly lower densities (Soutiere 1979), suggesting that leaving large
amounts of live residuals helps ameliorate logging effects on marten. This is
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corroborated by Chapin et al. (1998) in Maine; they found that marten used
larger residual forest patches significantly more often than small residual
patches in a clearcut landscape. Furthermore, they found that the patches used
by marten were closer to larger contiguous forest patches than those not used
by marten (Chapin et al. 1998, see also Hargis et al. 1999). This supports the
idea that the arrangement of landscape patches in a harvested area may be as
important, if not more so, than stand-level characteristics in predicting the
presence of marten.

Cover provided by live
residuals enhances the
probability of occupation by
ungulates.

Residuals also enhance the probability of occupation of a cutblock by
ungulate species. Caribou are more likely to be found in cuts with residual
trees than without residual trees, as the increased DWM and leafy shade
enhance lichen production (Thomas & Armbruster 1996). Residual trees
provide for seedfall or vegetative reproduction (i.e. aspen suckers) that
enhance regeneration. Since regenerating vegetation emerges more quickly
and is more plentiful in cutblocks with residuals than without, more ungulates
would be expected in residual-bearing cutblocks to exploit that food source.
The cover provided by residuals also facilitates ungulate use of cutblocks, as
described previously. This is especially true in areas with high hunting
pressure (Tomm et al. 1981). Moose in Ontario preferred to stay close to
hardwood residuals (approximately within 45 m) in young cut areas; browse
surveys indicate that this is not due to food availability, but is more likely due
to the presence of escape cover, thermal cover, and lower snow depth in the
residuals (Mastenbrook & Cumming 1989). Residuals facilitated moose
movement in cutblocks in Ontario; movements were not made far from
conifer residuals (Thompson & Vukelich 1981). Elk, white-tailed deer, and
black-tailed deer all preferred cutblocks with cover over cutblocks without,
except where shade inhibited growth of regenerating forage (Montana: Lyon
& Jensen 1980). Hence, residuals in cutblocks would facilitate the occupation
of cutblocks by these ungulates.
Residual retention regimes

The spatial distribution of
residuals is a significant
determinant of their
importance and suitability for
mammal species.
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The spatial distribution, or patchiness, of residuals is a significant determinant
of their importance and suitability for mammal species. It is likely that a
threshold amount of scattered residuals, or patches of residuals, need to be
retained in order to provide habitat in new cutblocks for many species. Data
from Alberta’s boreal forest suggest that retaining more live residuals will
help provide older seral stage characteristics, and that leaving larger patches
of materials will help retain more of the biodiversity found in uncut stands
(Lee unpubl. data). Currently, residual retention in boreal stands typically
represents approximately 1% - 5% of pre-harvest standing merchantable
timber, and rarely exceeds 20% due to operational and economic constraints
(Grover pers. comm.). Harvest regimes which retain higher levels of residuals
include thinning and shelterwood systems, both of which are beyond the
scope of this document. Unfortunately, many small mammal studies have
occurred in stands with levels of stand retention which are not relevant to
Alberta’s harvest regimes; these studies will be commented on briefly to
discuss the ecological significance of residual retention.
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The creation of openings in closed canopy conifer stands, which can be
approximated by retaining residual trees, leads to greater understorey shrub
development and hence improved habitat for many small mammals (Carey &
Johnson 1995, Steventon et al. 1998). West et al. (1980) suggested that
shelterwoods provide cover superior to clearcuts, particularly during winter.
Moreover, red-backed vole (Clethrionomys rutilus) density decreased with
increasing removal of white spruce in shelterwoods (West et al. 1980).

Light removal cutblocks favour
forest-associated species.
Heavy removal cutblocks
favour grassland and
generalist species.

Current harvest regimes will
not provide sufficient tree
retention for arboreal species.

Partial cuts provide suitable habitat for several small mammal species. In a
52% fir/spruce stand reduction cutblock, red-backed voles, deer mice, and
shrews were more abundant in partial cuts than in clearcuts (Monthey &
Soutiere 1985). In a comparison between western hemlock clearcuts and
partially cut stands with 30% and 60% volume reduction, both levels of
partial cutblock provided habitat for mice, voles and shrews, although the
60% removal cutblock began to approximate clearcut habitat (Steventon et al.
1998). Red-backed voles were more abundant in 30% volume reduction
stands than in 60% removal stands or in clearcuts. Meadow voles were more
abundant in clearcuts than either of the partial cuts, although the population
was high in the heavy removal blocks. Deer mice were also abundant in
clearcuts, and shrews were found at similar population levels in all cutblocks.
Species composition in the two partial cutblocks paralleled the trajectory of
species composition shifts throughout clearcut regeneration. Light removal
cutblocks favoured forest-associated species (i.e. red-backed voles) which
increase in abundance with clearcut regeneration, and heavy removal
cutblocks favoured grassland and generalist species (i.e. meadow voles and
deer mice) which are abundant in early clearcuts (Steventon et al. 1998).
Arboreal species may forage in open areas, but obviously require tree
retention to provide more suitable habitat in cutblocks. Partial cutting
systems, which created small gaps (up to 0.8 ha), were preferred flying
squirrel habitat (Mowrey & Zasada 1984). Based on shelterwood studies,
flying squirrels require greater stand retention than red squirrels (Wolff &
Zasada 1975, Waters & Zabel 1995), and current harvest regimes in Alberta
will probably not provide sufficient tree retention for either species.
Current amounts of residual retention are inadequate for hare habitat.
Specifically, when 5-6% of live merchantable trees were left in boreal aspendominated stands, snowshoe hares were not detected in the first year postharvest, probably due to lack of cover (Marinelli unpubl.).

For bats, partial cutting
creates foraging gaps but
removes roost trees.
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Partial cutting may benefit bats because gaps in the canopy create a less
cluttered habitat (Crampton & Barclay 1998). Bats may in fact prefer heavy
removal harvest blocks (60% stand volume removal) over light removal
harvest blocks (30% stand volume removal) for foraging (Perdue & Steventon
1990). However, partial cutting usually removes large trees and snags
required for roosting, and for this reason, some researchers have found that
bats are not common in partial cuts (Jung et al. 1999). Moreover, bats in the
boreal forest roost almost exclusively in deciduous trees (Crampton &
Barclay 1995, Kalcounis & Brigham 1998, Vonhof & Wilkinson 1999),
which are commonly harvested in Alberta.
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The few data that exist suggest
residual patch size has little
effect on small mammals.

Bats are more active around
large patches.

Patch size is more important
for species with larger home
ranges.

There is a paucity of data comparing small mammal use of scattered residual
patches to clumped residual patches. However, it is likely that residuals
retained in patches would provide more suitable habitat than scattered
residuals due to increased cover. Bayne and Hobson (1998) noted that small
mammal abundance was relatively low in forest patches surrounded by
clearcuts (primarily due to a low abundance of deer mice which may have
been more prevalent in surrounding clearcuts). They suggested that there may
be a negative effect of decreasing patch size on red-backed vole abundance,
although in general, there was little effect of patch size on small mammals.
California red-backed voles (Clethrionomys californicus) used remnant
patches, but appeared isolated in that they made little use of surrounding
clearcuts (Mills 1995). Considerably more voles were caught in patch
interiors than patch edges, and density of voles per unit area increased with
remnant size.
In a study in boreal Alberta, bats (Myotis and non-Myotis species) foraged in
and around residual patches of different sizes (20 m, 40 m and 80-100 m
diameter) in aspen and black spruce/pine dominated forests (Marinelli unpubl.
data). In aspen-dominated cutblocks, there was greater bat activity around
large patches relative to smaller patches, and in general, bats tended to be
more active around patch edges when compared to surrounding clearcuts.
Patch size is probably more important for those species with larger home
ranges. Flying squirrels are particularly vulnerable to forest fragmentation and
require contiguous tracks of forest, or as a minimum, small openings or
openings with some tree retention (Mowrey & Zasada 1984). Red squirrels on
the other hand responded positively to a patchy aspen/ spruce/cutblock
landscape in boreal Alberta (Fisher & Boutin in prep.). Marten also made use
of patches of live residuals left in a logged landscape (Snyder & Bissonette
1987, Soutiere 1979, Steventon & Major 1982). Interestingly, marten did not
make greater than expected use of larger residual patches but used smaller
residual patches more than expected based on their availability (Snyder &
Bissonette 1987), suggesting a positive affiliation with landscape
heterogeneity. Large residual patches were important predictors of moose use
of cut areas when with calves, especially in winter (Thompson & Vukelich
1981). Partial cuts were important for white-tailed deer where felled and
latently downed trees provided winter forage (St-Louis et al. 2000).
Albeit brief, this overview of residual retention regimes provides considerable
evidence that retention of residuals in harvested landscapes is critically
important for maintaining mammal species.
Comparison Between Burned and Cut Stands
The primary differences between wildfire stands and clearcut stands in the
initial post-disturbance period are that clearcuts tend to have fewer snags and
more DWM and live understorey than wildfire stands (Lee unpubl. data).
These differences have implications for small mammal habitat use.
In a stand-level study in aspen-dominated boreal forest, the age of the stand,
not disturbance type (i.e. wildfire versus harvest with 3% residual retention),
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Greater structural diversity in
harvested stands tends to
support a greater abundance of
species.

Vegetative cover, litter and
DWM are important
characteristics for predicting
small mammal communities
post-disturbance.

appeared to be a better predictor of small mammal species diversity (mice,
voles, shrews, squirrels, and hares; Marinelli unpubl. data). Greater structural
diversity in harvested stands (understorey vegetation and existing DWM are
generally less disturbed by harvesting than wildfire) tends to support a greater
abundance of species (Lee unpubl. data, Marinelli unpubl. data). Wildfire
initially reduces cover and DWM, but as cover increases with stand age, small
mammal abundance also increases. The small mammal community in boreal
aspen-dominated stands one year post-fire was relatively similar to 28 yearold post-harvest stands in terms of species composition, but there were fewer
individuals of each species (Marinelli unpubl. data). Interestingly, the small
mammal community in one-year-old harvest stands was similar to 14 year-old
wildfire stands. Percent litter cover was the environmental variable with the
highest correlation to variation in mammal communities, and decay stage and
shrub/tree cover also had high correlations (Marinelli unpubl. data).
Most studies concur that deer mice readily colonise recently disturbed sites,
and are the most common small mammal species found in these sites,
particularly burns. There are conflicting data regarding the degree to which
red-backed voles colonise sites immediately following disturbance, although
there is consensus that voles are a predominant member of the small mammal
community within a few years post-disturbance, usually surpassing deer mice
populations. Notably, two studies conducted in Alberta’s boreal aspendominated forest found that red-backed voles were more common than deer
mice in post-wildfire stands (Roy et al. 1995, Marinelli unpubl. data) and
post-harvest stands (Marinelli unpubl. data) throughout this, and the
following, successional stage. However, a study conducted in a boreal aspendominated forest in British Columbia found that deer mice were generally
more common than red-backed voles in young harvested stands (Merkens &
Booth 1998). Initially, harvest stands may provide superior red-backed vole
habitat because of DWM and understorey cover, although wildfire stands
quickly accumulate DWM and vegetative cover. Meadow voles are found in
recent post-fire and post-harvest stands because of their dependence on grass
(Marinelli unpubl. data). In general, shrews tend to be less common in recent
wildfire sites compared to recent harvest sites because of reduced litter,
vegetative cover, and DWM (a source of invertebrate prey).
Bats tend to forage along the edges of forest openings, including clearcuts.
There are no data regarding bat use of wildfire stands. Bat activity may be
lower in wildfire stands than in clearcuts because standing trees create a
cluttered environment. On the other hand, there is potential that these trees
may provide roosts, a feature which is lacking in clearcuts.
The response of canids will likely follow the response of the prey base,
particularly small mammals. This is also true of mustelids, although the extent
of woody cover and DWM will determine their occupation of a disturbed site.
An intensely logged site with few residual trees and little DWM left on the
ground will not support mustelid recolonisation as a post-burn site would,
with typically high amounts of DWM and scattered live residual trees.
Cutting is more beneficial than fire in the short term for moose, due to high
forage availability in cuts (Lautenschlager et al. 1997). This is probably true
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of most ungulates as cutting generally provides more early successional
forage than does fire. Caribou occupy young cuts more quickly than young
burns as the lichen cover is less likely to be destroyed post-cut, and
regenerates quicker than after fire particularly if DWM is left on the block and
if residuals are left to maintain shade and infuse more DWM.
Old-Growth Structure of Harvest Stands

Harvest generally tends to
create a shift in dominance
from red-backed voles to deer
mice; deer mice populations
generally peak in recent
clearcuts, then gradually
decline as forest succession
advances.

Red and flying squirrels occur
infrequently in cutblocks.

Snowshoe hares are
uncommon or absent after
disturbance due to decreased
cover.
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Small mammals will recolonise a site within the first 10 years post-harvest,
although diversity and abundance of each species will differ from old growth
stands (Martell & Radvanyi 1977, Martell 1983a, Swan et al. 1984, Probst &
Rakstad 1987). Harvest generally tends to create a shift in dominance from
red-backed voles to deer mice; deer mice populations generally peak in recent
clearcuts, then gradually decline as forest succession advances (Ramirez &
Hornocker 1981). However, this does not mean that harvested sites are good
mouse habitat; early recruitment in clearcuts suggests that clearcuts may act
as dispersal and/or behavioural sinks for subordinate and juvenile deer mice
(Sullivan 1979, Martell 1983a). This indicates that clearcuts are suboptimal
habitat. Red-backed voles are also found in clearcuts, but several studies have
documented low or decreasing abundance of red-backed voles in clearcuts 1-3
years post-harvest in coniferous (Tevis 1956, Gashwiler 1970, Sims &
Buckner 1973, Hooven & Black 1976, Martell & Radvanyi 1977, West et al.
1980, Martell 1983ab, Scrivner & Smith 1984, Steventon et al. 1998), and
aspen stands (Probst & Rakstad 1987). However in boreal Alberta, red-backed
voles were abundant in recently harvested mixedwood sites (Marinelli unpubl.
data), and Kirkland (1990) concluded C. gapperi was the species responsible
for the overall increased abundance of microtines in clearcuts. This might
decline by the end of the second or third summer following harvest, leaving
deer mice dominant (Martell & Radvanyi 1977, Martell 1983a). Grassland
species, such as meadow voles (Microtus pennsylvanicus) and jumping mice
(Zapus hudsonius), are also common in young clearcuts (conifer: Martell &
Radvanyi 1977, Gunther et al. 1983, Steventon et al. 1998; aspen: Probst &
Rakstad 1987, Merkens & Booth 1998), although the quality of 10-year cuts
relative to old-growth forest is unclear. Kirkland (1990) concluded that
shrews generally exhibited a positive response to harvest in conifer
(Sekgororoane & Dilworth 1995, Steventon et al. 1998) and aspen (Probst &
Rakstad 1987). Red and flying squirrels are found infrequently in cutblocks;
without residual trees breeding populations of these species are likely to be
absent. Chipmunks generally showed a positive response to clearcutting
(Kirkland 1990). Least chipmunks (Eutamias minimus), a boreal species, have
been found in clearcuts (black spruce: Martell & Radvanyi 1977; aspen:
Probst & Rakstad 1987, Merkens & Booth 1998; and sapling aspen stands:
Probst & Rakstad 1987), although again their abundance and viability relative
to old growth stands is unknown. Snowshoe hares are uncommon or absent
after disturbance due to decreased cover (Burgason 1977 in Litvaitus et al.
1985b, Hooven & Black 1976; boreal aspen: Westworth et al. 1984; Férron et
al. 1998). Bats forage in clearcuts (e.g. Erickson & West 1996, Marinelli
unpubl. data), but many species will avoid flying across large open areas
(Lunde & Harestad 1986, de Jong 1994, Grindal 1996). For bats the
availability of suitable roosts is likely the limiting factor; clearcuts do not
provide roosting habitat of the sort typically used in old growth forests.
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The density of moose is
significantly greater in
harvested stands than in
mature/old growth stands.

Black-tailed and white-tailed
deer do make use of aspen cuts
although it appears old growth
is favoured over cutblocks.

Mustelid abundance and
diversity is significantly
reduced in harvested compared
to old-growth stands.

Although bears do make use of
regenerating areas such as
young clearcuts, older forests
are preferred for denning over
regenerating areas

Caribou density in harvested stands is decreased compared to old-growth
stands, due in large part of reduction in lichen availability (see Thomas &
Armbruster 1996). Elk response is equivocal. The density of moose is
significantly greater in harvested stands than in mature/old growth stands
(Cederlund & Okarma 1988, Forbes & Theberge 1993, Heikkilä & Härkönen
1993, Crête et al. 1995, Lautenschlager et al. 1997). Roy et al. (1995) found
that moose were abundant in old growth (>120 years) aspen stands where
canopy gaps provided forage, although abundance in young stands was
greater. Black-tailed and white-tailed deer do make use of aspen cuts although
it appears old growth is favoured over cutblocks (Collins & Urnes 1981,
Kirchhoff & Schoen 1983, Kremsater & Bunnel 1992). Smaller cutblocks
with large amounts of residuals, DWM that does not inhibit movement, and
enough residual trees to provide cover would encourage ungulate occurrence.
Mustelid abundance and diversity is significantly reduced in harvested
compared to old-growth stands. Although short-tailed weasels may actually
select cutblocks (Lisgo 1999), marten and fishers use of harvest stands is
likely much diminished, based on their tendency to avoid these areas
(Steventon & Major 1982, Bateman 1986, Arthur et al. 1989, Thomasma et
al. 1991, Badry et al. 1997, Weir & Harestad 1997). Although marten will
enter open areas like clearcuts to forage (Koehler & Hornocker 1977), the
quality of this habitat is poor (Thompson 1994, Thompson & Colgan 1994)
and not likely to contribute to viable populations as effectively as old growth
forest. Although bears do make use of regenerating areas such as young
clearcuts, older forests are preferred for denning over regenerating areas
(Tietje & Ruff 1980). This is likely due to the lack of older forest structure in
regenerating stands such as overturned windblown trees, which are frequently
used as bear denning sites. In summary, harvested sites do have a significantly
different mammal community structure than old growth stands. The presence
of DWM and (patchy) live residuals mitigate these differences and facilitate
earlier convergence to an old-growth state.
ESTABLISHMENT STAGE: 11-25 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Red-backed voles are dominant
small mammals at this stage.
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As time passes and regeneration in this burned age-class continues, increasing
vegetative cover and decreasing grassy cover leads to changes in species
dominance in the small mammal community. In fourteen year-old aspendominated stands, red-backed voles were abundant, masked and dusky shrews
and meadow voles were found in small numbers, meadow vole populations
decreased from earlier stand ages, and deer mice abundance was low
(Marinelli unpubl. data). In 20-30 year-old boreal aspen mixedwood stands,
red-backed voles and masked shrews were common, presumably due to
increased cover, but were less abundant than in old stands (Roy et al. 1995).
Other species of shrews (arctic, dusky and pygmy) exhibited moderate
associations with this stand age. Suitable food is limiting for grassland species
during this successional stage; not surprisingly, meadow voles were
uncommon, and jumping mice absent, in aspen mixedwood stands (Roy et al.
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1995). Similarly, in 20 year-old black spruce stands, red-backed voles and
masked shrews were common, and meadow voles were absent (Simon et al.
1998). Deer mice, which are positively associated with large DWM and
negatively associated with grass cover, willow and small tree density in aspen
mixedwoods, were found throughout this successional stage, but at lower
abundance relative to mature stands (Roy et al. 1995) and immediately postfire.

Food and nest sites remain
limited for squirrels.

At this successional stage, food availability and nest sites remain limited for
flying squirrels and red squirrels. During winter, red squirrels were associated
with 20-30 year-old aspen mixedwood stands, but were less common in
summer (Roy et al. 1995). Yahner (1987) observed that, in aspen-dominated
stands, red squirrel feeding sites were associated with high densities of
understorey trees, low densities of shrubs, and were in close proximity to
overstorey conifers bearing cones; these features are largely absent in burns of
this age. Twenty year-old lodgepole pine and 110 year-old mixed conifer
stands had similar red squirrel densities throughout the year, although young
stands had low survival, low proportion of breeding females, and high fall
recruitment; these suggest that 20 year-old stands acted as dispersal sinks
(Sullivan & Moses 1986). Flying squirrels were uncommon in 20-30 year-old
aspen mixedwood stands (Roy et al. 1995). Moreover, deciduous saplings
provide minimal protection for flying squirrels (Mowrey & Zasada 1984).
Bats forage in young stands, but activity is generally lower in these stands
than older stands (aspen mixedwood: Crampton & Barclay 1995) because
young stands have more clutter and a paucity of roosting sites due to the small
size of trees. Data regarding bats’ use of burns of this age-class in the boreal
mixedwood are lacking.

High habitat suitability occurs
for snowshoe hares.
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Habitat becomes increasingly suitable for snowshoe hares throughout this
successional stage. The amount of understorey development in young stands
is ideal for both foraging and cover; understorey density has been positively
associated with hare overwinter survival and spring population densities
(Litvaitis et al. 1985b). In addition, hare habitat use has been correlated to
cover density when shrub heights are over one metre (Wolfe et al. 1982, Pietz
& Tester 1983), as cover provides thermal insulation and protection from
predators (Wolff 1980, Buehler & Keith 1985). Hares were the most abundant
small mammal species in 20-30 year-old aspen mixedwood stands and were
more abundant in this stand age than in mature or old-growth stands,
exhibiting a strong association for young stands (Roy et al. 1995).
Furthermore, hare density was positively related to density of small trees,
shrubs, saplings and willow, and were negatively related to density of large
trees. Conversely, Marinelli (unpubl. data) found that hares were absent in 14
year-old aspen-dominated stands, presumably due to greater snow
accumulation on fallen snags, making shrubs inaccessible to hares. Dense
deciduous shrubs may be used as winter habitat (Wolff 1980), but these stands
typically provide marginal habitat when snow accumulations are significant
(Wolfe et al. 1982). In general, hare activity is higher in coniferous stands
than deciduous stands in winter due to superior thermal and protective cover
(Westworth & Brusnyk 1982 in Westworth et al. 1984, Wolfe et al. 1982),
although aspen-conifer edges may be used (Wolfe et al. 1982). As an aside,
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Fox (1978) discussed a theory, based on historical fire and trapping data, that
the snowshoe hare – Canada lynx cycle may be related to fluctuations in the
amount of post-fire seres, though obviously no causation could be established.

It is expected that mustelids
would use burns of this age
class to prey on small
mammals and hares. No data
exist to support this.

Moose abundance decreases in
burns greater than 10 years
old.

Caribou movement is inhibited
by fallen trees in burns of this
age.

Like younger burns, it is predicted that mustelids might make use of these
sites for foraging as small and arboreal mammals recolonise them, with lack
of cover mitigating these effects. This is particularly true of marten and fisher,
which prey upon hares and may exploit the high hare abundance in these
stands. It is expected that the frequency of occurrence of these animals will
increase with forest succession and the presence of woody cover. This
remains speculation, as no data could be found regarding short-tailed weasels,
long-tailed weasels, or fishers’ use of burns of this age; this is a significant
data gap that needs to be addressed. In the only available reference on
mustelid use of burns of this age-class, Latour et al. (1994) observed that
marten in NWT included 21 year-old spruce burns in home ranges that also
included unburned forests. However, these burned areas were used less than
expected based on their availability.
Moose are found in comparatively high densities in 11+ year-old burned
stands (Schwartz & Franzmann 1989), although abundance is decreased from
<10 year-old stands (Cederlund & Okarma 1988, Crête et al. 1995).
Thompson and Vukelich (1981) found that this age-class of burn was used
less than expected by availability. Reproductive rates in moose in this ageclass of burn were significantly higher - 70% vs. 22% - than in older (30+
year-old) burns (Schwartz & Franzmann 1989), although there was no
difference in calf survival between the two age-classes. Lautenschlager et al.
(1997) found that 14 year-old burns produced more moose forage than did 6080 year-old forests.
Schaefer and Pruitt (1991) found caribou did not make use of sites 5-37 years
post-burn due to inhibition of movement by downed woody material (DWM).
Lichen regeneration is also limited in this successional stage, so foraging
opportunities would be limited for caribou (Thomas & Armbruster 1996).
There are few data available regarding white-tailed or black-tailed deer
response to 11-25 year-old burns, although their frequency of occurrence
could be expected to increase with forest succession – a trade-off between
cover and forage availability (Lyon & Jensen 1980). Johnson et al. (1995)
suggested that in the southern Appalachians, white-tailed deer abundance is
lower at the successional stage when crown closure reduces the availability of
browse and canopy gaps have not yet formed. However, the applicability of
this assumption to the boreal ecosystem has not been determined.
Fox abundance is positively related to burned forest regenerating to conifer
(St. Georges et al. 1995), although the effect of burn age is unknown. Coyotes
are habitat generalists and would be expected to forage in this habitat as long
as prey are available, although no studies were found to address this question.
Wolves have been observed using a 15 year-old burned site on an occasional
basis (Theberge & Pimlott 1969). Wolf density was high in large burns 11+
years old, but not significantly different from burns 30+ years old (Schwartz
& Franzmann 1989). Black bear (Ursus americanus) density follows the same
pattern, although adult mean weight, reproductive success, and cub survival
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was greater in 11+ year-old burns than in 30+ year-old burns (Schwartz &
Franzmann 1989).
Cut Stands Without Residual Live Trees
As with wildfire sites, vegetative cover increases in clearcuts, creating more
suitable habitat for several small mammal species. Interestingly, the small
mammal community in one year-old harvest stands was similar to 14-year-old
wildfire stands (Marinelli unpubl. data).

Red-backed voles are at higher
densities in the 11-25 year-old
stage.

11-25 year-old cuts are the
most productive stands for
snowshoe hares.

Red-backed voles, deer mice, masked shrews, and chipmunks have been
found in clearcuts with dense shrub cover (Walters 1991). Red-backed voles
tended to be at higher densities during the 11-25 year-old successional stage
compared to more recent clearcuts (Monthey & Soutiere 1985, Probst &
Rakstad 1987), and Marinelli (unpubl. data) found that red-backed voles
continued to dominate the small mammal community in aspen-dominated
boreal stands 14 years post-harvest. Conversely, both deer mice (Ramirez &
Hornocker 1981, Probst & Rakstad 1987) and shrews (Kirkland 1977) have
been found at lower densities compared to more recent clearcuts. Kirkland
(1977) detected a decrease in abundance of seed eaters in deciduous
cutblocks, but not in coniferous cutblocks, in the sapling stage. Populations of
meadow voles (M’Closkey 1975) and other grassland species decrease
throughout this successional stage. Squirrel abundance is lower in clearcuts of
this age class than in uncut stands, though not significantly different from
regenerating clearcuts of other age-classes (Thompson et al. 1989).
As with post-fire stands during this successional stage, cutblocks gradually
become more suitable for hares due to increasing vegetative cover. Monthey
(1986) observed that snowshoe hare activity was greater in 12-15 year old
cutblocks than in 7-9 year-old cutblocks, and in fact hare activity should
return to high levels in 20-30 years depending on the rate of growth and type
of tree species in clearcuts (Burgason 1977, Férron et al. 1998). Thompson et
al. (1989) found that snowshoe hare tracks were most abundant in the 20+
year age class compared to younger, older, and uncut stands. Coniferous
stands may provide greater thermal and protective cover during winter, and
consequently hare activity is usually greater in coniferous stands than aspen
stands (Westworth & Brusnyk 1982, Wolfe et al. 1982). Hares also use dense
deciduous shrubs during winter, and may switch to more open range during
summer, relying on habitat interspersion to meet seasonal needs (Wolff 1980).
No studies examined bats use of cuts in this successional stage, but it is likely
that bats would exhibit similar habitat use as in post-fire stands, with lower
activity than old stands due to more clutter and a paucity of roosting sites in
young stands.

This age class is poor habitat
for marten and likely fisher as
well.
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Marten avoided 16-23 year cuts in both summer and winter in Newfoundland
(Snyder & Bissonette 1987). In Ontario, Thompson (1994) found that marten
densities were ca. 90% higher in uncut forests than in logged forests 0-30
years old, and that marten in uncut areas were older than those living in
logged areas. Mortality rates were higher in logged areas than in unlogged. In
Quebec, Potvin and Breton (1997) found that marten home ranges did include
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20 year-old clearcuts, but that these ranges were twice as large as ranges
without them. This indicates this age stand is poor habitat quality, as
maintaining a larger home range exacts higher energetic costs. It was also
found that marten in harvested landscapes in the 1-20 year age range had
higher natural mortality and dispersal rates (Potvin & Breton 1997). Whereas
no data could be found on fishers’ use of 11-25 year-old cuts, one could
predict based on similar habitat requirement that their response would be
similar to that of marten.
Moose abundance is less in medium-aged forests than in 0-10 year-old forests
(Cederlund & Okarma 1988), but still greater than in old forests. No studies
could be found addressing caribou use of 11-25 year-old cuts, although with
greater lichen growth one might anticipate higher abundances of caribou in
these harvested stands than in burns of the same age, or in younger disturbed
stands. There are no data available regarding white-tailed or black-tailed deer
response to 11-25 year-old cutblocks.

Lynx are very abundant and
may be responding to high
hare numbers in this stand
type.

Thompson et al. (1989) found that red fox tracks were more abundant in the
10+ year age class than in younger clearcuts or in uncut stands (Thompson et
al. 1989). Coyotes were found to select for regenerating cutovers of this age
in winter (along with mature conifer) based on snow tracking data (Parker &
Maxwell 1989). No other data exist for other canids’ use of this stand age.
Lynx tracks were more common in the 20+ age class than younger, older, or
uncut stands (Thompson et al. 1989). This correlates with high hare
abundance in this age class, suggesting that lynx are more closely linked with
prey (hare) abundance than with forest structure. Grizzly bears in Montana
avoided cutblocks 16-35 years old but made use of the habitat immediately
adjacent to the blocks (Zager et al. 1980). As this selection was not related to
forage availability it was assumed that distance to escape cover and travel
corridors were the driving factors, but no data were gathered to support this
assumption.
Burned Stands With Residual Live Trees

No studies were found
regarding the influence on
mammal diversity of live
residual trees in 11-25 year-old
burns.
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No studies were found regarding the influence on mammal diversity of live
residual trees in 11-25 year-old burns. The presence of residuals may increase
infusion of DWM into the stand, which is important for small mammals (see
previous section). As residual trees act as seed and suckering sources,
regeneration in cutblocks with residuals can be expected to be greater than in
stands without. The resultant regenerating vegetation can be expected to
increase the abundance of ungulates that feed on them, and small mammals
and mustelids that use vegetation for cover. Data on ungulates are also
lacking, though as with younger burns, residual trees provide shade which
enhance growth of lichen and hence caribou activity (see Thomas &
Armbruster 1996). The 11+ year-old mixedwood burns studied by Schwartz
and Franzmann (1989; see previous section) were very large with many
residual patches, although it is unclear how these patches may influence the
patterns of moose, black bear, and wolf abundance and survival.
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Cut Stands With Residual Live Trees
As in cutblocks without retention, cutblocks of this age-class that retain
residual trees also have increasing vegetative cover. However, data pertaining
to the effects of retention in this age class are limited. The only boreal study
relevant to this successional stage concerns snowshoe hares, which were
common in 14 and 28 year-old post-harvest boreal aspen-dominated stands
with 5-6% tree retention (Marinelli unpubl.), but these results do not differ
from hare activity in clearcuts. At this low level of tree retention, other small
mammal species are expected to respond with the same trends found in
clearcuts.
By this stage, residual trees may be contributing DWM to the cutblock (Lee &
Crites unpubl. data), but it is difficult to predict at what level of residual
retention this infusion of DWM may have a measurable influence on small
mammal habitat use.

Residuals are likely to increase
probability of occupation by
bats and squirrels.

No data exist describing the importance of live residuals to other mammals in
cutovers in this successional stage. The points raised in the previous section
on residuals in 0-10 year-old harvested stands still hold true. Beyond those
data and the scant data in the previous paragraph on residuals in burned
stands, only broad extrapolations are possible. Tree-dependent species such as
red squirrels, flying squirrels, and bats are more likely to occupy, and survive
in, a cutover with live residuals. Patchy live residuals are more beneficial as
they are more likely to be standing after 11-25 years (Crites unpubl. data).
Residual patches provide more contiguous area than scattered residuals, and
hence are a more effective source of cover. This cover would also enhance
mustelid occupation of harvested stands. Ungulates have been noted to remain
in proximity to cover while taking advantage of forage in cutblocks so
residuals would likely increase ungulate abundance, as well as the presence of
their predators. These extrapolations are based on studies of other
successional stages and known habitat requirements for these mammals;
however, research designed to address the relationship between live residual
trees and mammal diversity during this successional stage is needed before
estimations of convergence between fire and harvested stands, and their
comparison with old growth stands, are possible.
Comparison Between Burned and Cut Stands
Unfortunately, not enough data exist to provide a comprehensive comparison
between mammal abundances in burned and cut stands at this successional
stage. The following is a summary of the limited available information.
Marinelli (unpubl. data) found that the small mammal community in one yearold harvest stands was similar to 14 year-old wildfire stands, and 14 and 28
year-old harvest stands were similar to each other and 28 year-old wildfire
stands. In this respect, harvest stands are more advanced than burned stands at
this successional stage. Hare abundance is very high in both burned and
harvested stands, as is lynx abundance. As more DWM occurs in burns than
in cuts of this class, this physical barrier will limit caribou and other ungulate
usage of burns. However, moose density in both types of stands is still greater
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than in mature and old growth stands, due to increased forage availability. No
other differences between harvest and fire have been noted for other mammal
species at this successional stage, but this is due to lack of research in this
field rather than an absence of actual distinguishing characteristics.
Old-Growth Structure of Harvest Stands

Many mammal species occur
in higher densities in this
successional stage. Total
mammal diversity is still higher
in old growth stands.

Mammalian diversity in 11-25 year old stands is still largely different from
old growth stands. Red-backed voles, typically associated with old growth
stands, become more dominant than the pioneering deer mice and meadow
voles; however Nordyke and Buskirk (1991) found that old growth still had
higher red-backed vole abundance than young or mature stands. Shrew
abundance is still reduced in young stands compared with old growth (Roy et
al. 1995). Red squirrels, flying squirrels, and bats are found less in young
stands than in old growth. Hare densities are much higher in harvested stands
of this age than in old growth; the same is true of hares’ primary predator,
lynx (Thompson et al. 1989). Marten densities are comparatively low
(Thompson 1994) and population parameters indicate this is poor habitat
(Potvin & Breton 1997). Foxes are more abundant in cuts of this age than old
growth stands (Thompson et al. 1989). Moose abundance, although decreased
from 0-10 year-old stands, is still higher than in old growth (Cederlund &
Okarma 1988). In summary, some mammal species occur in higher densities
in this successional stage than in old growth stands, although some species
occur in lower densities or are completely absent. Total mammal diversity is
still higher in old growth stands. The presence of live residuals aids in the
convergence of this stage toward old growth diversity.
AGGRADATION STAGE: 26-75 YEARS POST-DISTURBANCE
Parallel Successional Development
Burned Stands Without Residual Live Trees

Overall mature stands exhibit
low mammalian abundance.

Deer mice are most abundant
at this stage.
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During this successional stage, stem density increases and shrub and
herbaceous cover decrease due to overstorey canopy closure. Consequently,
many small mammals are less common in these stands than in either young or
old stands. In boreal aspen-dominated mixedwoods, 50-65 year-old mature
stands had lower species richness and supported fewer species-habitat
associations than either young or old stands (Roy et al. 1995). There is,
however, a great deal of variability among studies regarding small mammal
densities in the age class.
Meadow voles were found in mature aspen-dominated stands, but at lower
abundance relative to early successional stages and to red-backed vole and
deer mice abundance (Roy et al. 1995, Merkens & Booth 1998). Marinelli
(unpubl. data) did not detect meadow voles in mature stands, likely due to a
reduction in grassy habitat. Deer mice populations were also low (Marinelli
unpubl. data). Conversely Roy et al. (1995) found that deer mice had a
positive association with 50-65 year-old mature stands and were the most
abundant small mammal in this stand age. They were positively related to
successional stage and negatively related to canopy heterogeneity. Merkens
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and Booth (1998) found that deer mice were common in 60-100 year-old
aspen-dominated boreal stands, and were generally more abundant than redbacked voles (Merkens & Booth 1998). Jumping mice were associated with
both mature and old stands in the aspen mixedwoods (Roy et al. 1995).

Vole abundance is correlated
to understorey cover and
downed logs.

Shrew abundance is correlated
to downed logs, which provide
habitat for invertebrate prey.

In the early part of this successional stage, red-backed voles are prevalent,
although they were at lower numbers in 28 year-old than in 14 year-old aspendominated mixedwood stands (Marinelli unpubl. data). Red-backed voles
were common in mature boreal aspen-dominated mixedwood stands (Roy et
al. 1995, Merkens & Booth 1998), but were less abundant relative to young
and old stands (Roy et al. 1995). Moreover, red-backed vole abundance was
greater, and body condition better, in spruce/fir stands at the end of this
successional stage compared to younger stands (Nordyke & Buskirk 1991).
Older stands exhibited old-growth characteristics, including large, old trees, a
multi-layered canopy, large amounts of downed woody material, and mesic
microhabitats; vole abundance was positively correlated with understorey
cover and, to a lesser extent, decay stage of logs (Nordyke & Buskirk 1991).
Similar to red-backed voles, masked shrews were least abundant in 50-65 year
old aspen mixedwood stands compared to young and old stands (Roy et al.
1995). Wrigley et al. (1979) observed that masked shrews were uncommon in
stands with dense canopy cover. Arctic, dusky and masked shrew abundance
was greater in 28 year-old stands than 14 year-old stands (Marinelli unpubl.
data), probably due to enhanced moisture levels from increased cover and
litter. The increasing abundance of shrews corresponded to the increasing
volume of DWM in burn sites, which provided suitable habitat for
invertebrate prey (Marinelli unpubl. data).
In 50-65 year-old burn-origin mixedwood stands, red squirrels were found in
relatively low abundance and were negatively associated with the density of
small trees (Roy et al. 1995). Flying squirrels were not captured at all.
Conversely Fisher (unpubl. data) found average densities of red squirrels and
low densities of flying squirrels in boreal mixedwood stands at the end of this
successional stage. For flying squirrels, fungal food resources and nest sites
are likely more readily available in older stands.

Hare abundance is high at
first, then decreases during the
26-75 year-old phase.

Mature stands are generally
cluttered for bats.
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Snowshoe hares remain common in stands in the early part of this
successional stage, and were prevalent in 28 year-old aspen-dominated burns
(Marinelli unpubl. data). Hare abundance decreases as stands mature, as
evidenced by low abundance in 50-65 year-old aspen mixedwood stands (Roy
et al. 1995). In the southern boreal forest, mature conifer and deciduous
stands with sparse understoreys constituted low-utilisation sites by snowshoe
hares (Férron & Ouellet 1992).
Stands within this successional stage generally provide relatively poor habitat
for bats, which did not roost in 50-65 year-old aspen mixedwood stands and
exhibited low activity in these stands relative to old stands (Crampton &
Barclay 1995). Mature stands tend to be too cluttered (i.e. stand density) to be
used by bats regularly for foraging, and the lack of cavity-bearing trees means
mature stands are poor roosting habitat.
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Crête et al. (1995) found that 25-50 year-old stands had the highest medium –
large-sized mammal diversity, even greater than >70 year old stands. Moose
decrease in abundance from younger stands; Cederlund and Okarma (1988)
found that mature stands were avoided. Although moose are abundant in
burned spruce/aspen mixedwood in the younger end of this age-class, they
decline dramatically as the stands age beyond 30 years, and reproductive
success drops (Schwartz & Franzmann 1989). Lautenschlager et al. (1997)
found less forage in 60-80 year-old forest than in younger burns.

Deer and elk abundance is
expected to increase with
cover. Caribou abundance is
related to lichen.

Removal of lichen by caribou from >50 year old stands was found to be
greater than lichen removal in 1-15 year-old or 31-50 year-old stands
(Arseneault et al. 1997), indicating that stands of this age are more suitable
for caribou than younger age-classes. Caribou abundance is expected to
increase as lichen abundance increases (Thomas & Armbruster 1996),
although no data could be found that specifically address these ungulates’ use
of mature stands.
Marten were found to be less abundant in burns 25-28 years old than in <10
year-old burns; this was attributed to the instability of the small mammal prey
base in the older areas (Paragi et al. 1996). No data specifically address other
mustelid or canid abundance in this burn age-class, though given the
aforementioned reliance on woody cover for mustelids (Koehler & Hornocker
1977, Steventon & Major 1982, Buskirk 1984, Bateman 1986, Snyder &
Bissonette 1987, Arthur et al. 1989, Thomasma et al. 1991, Badry et al. 1997,
Pinsonneault et al. 1998,), their abundance would be expected to be greater
than in younger stands, with the possible exception of short-tailed weasels.

Forage and cover are
important for maintaining
large predator densities.

Lynx in the NWT were found to select for dense coniferous habitat in this
successional stage, likely due to the abundance of snowshoe hare (Poole et al.
1996). Wolf density in the early stage of this age-class was high and not
different from 11+ year-old burns (Schwartz & Franzmann 1989). Black bear
density was similar between 11+ year-old burns and 30+ year-old burns,
although reproductive success and cub survival is lower in older burns
(Schwartz & Franzmann 1989). Grizzly bears preferred shrub fields resulting
from 35-70 year-old burns more than older stands, presumably due to the
relatively higher abundance of forage- and cover-providing subcanopy in the
more recently disturbed areas (Zager et al. 1980).
Cut Stands Without Residual Live Trees

In aspen-dominated stands,
small mammal communities in
fires and harvests show
convergence after 28 years.
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In aspen-dominated mixedwood stands, there was no significant difference
between small mammal communities (mice, voles, shrews, red squirrels and
hares) in 28 year-old wildfire and harvest stands with 5-6% residual retention
(Marinelli unpubl. data). With the exception of volume of DWM, most
structural differences between wildfire and harvest boreal aspen-dominated
stands ceased to exist after 28 years (Lee & Crites unpubl. data). Wildfire
stands had a greater volume of DWM than harvest stands, but a slightly lower
density of snags, the latter of which accounted for a small amount of variation
in the small mammal community (Marinelli unpubl. data). In Newfoundland it
was found that field voles were rare in 40-60 year-old stands, while masked
shrews (Sorex cinereus) were ubiquitous (Thompson & Curran 1995).
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Scrivner and Smith (1984) found that deer mice and red-backed voles were
common throughout this time period, and that red-backed voles were more
abundant in mid to late successional stands than in young clearcuts. In the
same study, jumping mice were more abundant in mid-successional stages
than in early or late stages. Chipmunks were also found in mid-successional
sites, where the closed canopy provided protection from predation (Bowers
1995).

Squirrel abundance is related
to availability of food and
denning sites.

Unlike chipmunks, squirrel abundance would likely remain low throughout
most of this successional stage, gradually increasing as stands age. Red
squirrels, and flying squirrels in particular, are generally associated with older
stands, or stands retaining old growth components, due to food and denning
requirements (Rosenberg & Anthony 1992, Carey 1995, Carey et al. 1997).
Ransome and Sullivan (1997) suggested that second growth coniferous stands
during this stage are suboptimal habitat for squirrels because of lack of food
availability, and Thompson et al. (1989) found that red squirrel tracks were
less abundant in 20+ - 30+ year-old stands than in uncut sites.
For bats, stands become increasingly unsuitable during the mid-successional
stage. The cluttered environment created by high stand densities would lead to
a reduction in bat activity, and trees would not reach suitable size and/or
decay class for roosting until the end of this stage. However, no studies could
be found to corroborate this supposition.

While hares would be
abundant at the beginning of
this successional stage, they
could be expected to gradually
decline as canopy closure
increases and understorey
cover decreases.

Logged forests of this age
represent suboptimal habitat
for marten.

Hare tracks were most abundant in the 20+ year-old age class, and still
significantly higher in 30+ years than in younger cut sites and uncut stands
(Thompson et al. 1989). Hares were found to be abundant in 40 year-old
mixedwood boreal forests in Newfoundland (Thompson & Curran 1995).
While hares would be abundant at the beginning of this successional stage,
they could be expected to gradually decline as canopy closure increases and
understorey cover decreases.
Marten are found rarely in second-growth 40-60 year old stands of fir in
Newfoundland (Thompson & Curran 1995), preferring instead older stands. It
was suggested this difference is not due to canopy cover, but to differences in
structure on the forest floor that provide habitat for meadow voles (Microtus
pennsylvanicus), a significant food source for marten in that Province. In
Ontario, Thompson (1994) found that marten densities were ca. 90% higher in
uncut forests than in logged forests 0-30 years old; marten in uncut areas were
older than those living in logged areas and experienced lower mortality rates,
indicating that logged forests represent suboptimal habitat for marten. No data
exist for fishers’ or other weasels’ use of this age-class clearcut.
Moose in Ontario were found to use cutblocks 25-33 years old more than
expected based on their availability (Thompson & Vukelich 1981). No other
data were found that examine ungulates’ use of this age-class stand.
Red fox tracks were significantly more abundant in 20+ and 30+ year-old
regenerating stands than in uncut stands (Thompson et al. 1989). Although
wolves might be expected to exploit prey populations found in cutovers of
this age, no differences occur in diets of wolves in logged or unlogged areas
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(Kohira & Rexstad 1997). No data could be found on whether wolves
frequent seral stages or disturbance types differentially.
Lynx tracks were more abundant in 20-30 year-old stands than in younger,
older, or uncut stands (Thompson et al. 1989). Grizzly bears in Montana
avoided cutblocks 16-35 years old but made use of the habitat immediately
adjacent to the blocks (Zager et al. 1980); as this was not related to forage
availability it was assumed that distance to escape cover and travel corridors
were the driving factors, but no data were gathered to support this assumption.
No other data were found to address other large mammals’ use of stands 2675 years post-harvest.
Burned Stands With Residual Live Trees

Use of residual old growth
patches in 60-80 year-old
regenerating forests by
mammals is not well
understood.

A study in sub-boreal mixed conifer stands examined small and arboreal
mammal winter use of old-growth remnant patches (0.05-20 ha) in 60-80 year
old regenerating burns, using contiguous old stands as controls (Parker et al.
1999). Mice and vole activity was greater in old stands than in residual
patches or regenerating stands, although overall activity was low. Red
squirrels had similar activity levels in old stands and in residual patches,
which were an order of magnitude greater than activity in regenerating stands.
Squirrel activity was concentrated in riparian areas where large white spruce
dominated the canopy, providing seeds as well as denning sites. Snowshoe
hares had similar activity levels in residual patches and regenerating stands,
with lower activity in old stands (Parker et al. 1999). Few data are available
on the influence of residual patches on medium and large mammal abundance
in this age-class burn. The 30+ year-old mixedwood burns studied by
Schwartz and Franzmann (1989, see previous section) were very large with
many residual patches, but again it is unclear how these patches may have
influenced the patterns of moose, black bear and wolf abundance and survival
found there.
Cut Stands With Residual Live Trees

Residuals can represent old
growth components.

One of the few studies from this successional stage examined bat use of
remnant patches in second and third growth redwood forests (20-80 years
old), where bats foraged and roosted (Zielinski & Gellman 1999). Although
boreal stands are considerably different from this study area, it is likely that
old-growth remnant patches here would be used by bats. Foraging and
roosting activity would not be exclusive to small patches. In Australia, small
remnant patches (5 ha) had considerably lower foraging activity compared to
contiguous forest, despite having relatively high species richness and activity
(Law et al. 1999). It is possible that density and diversity of invertebrates is
greater in contiguous forest (Grindal & Brigham 1998, Law et al. 1999),
leading to better foraging opportunities and hence higher bat activity.
Moose in Ontario were found to use cutblocks 25-33 years old more than
expected based on their availability (Thompson & Vukelich 1981), but no
mention was made of the role of residual patches in maintaining moose or
other ungulates in harvested stands of this age. Whereas cuts of this age are
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probably more favourable than mature stands, younger stands with residuals
most likely provide the best combination of forage and cover.
Comparison Between Burned and Cut Stands

Patterns of mammal species
composition abundance and
habitat use in harvested stands
begin to emulate trends
apparent in burned stands.

The small mammal community in 14 and 28 year-old harvest stands were
similar to each other, and to 28 year-old wildfire stands. Although the small
mammal community began a unique trajectory in each disturbance type, the
communities were similar by 28 years post-disturbance (Marinelli unpubl.
data). There are no relevant data from harvested stands beyond 28 years of
age with which to compare to wildfire stands; as the time since harvest
increases, mammal data become scarce. Studies from the early part of this
successional stage indicate that patterns of mammal species composition,
abundance, and habitat use in harvested stands begin to emulate trends
apparent in burned stands, and it is expected that this will continue throughout
the ensuing successional stages.
Old-Growth Structure of Harvest Stands
Unfortunately, there are few data upon which to base a comparison between
stands of this age class and old growth stands. In boreal aspen-dominated
mixedwoods, 50-65 year-old mature stands had lower species richness and
supported fewer species-habitat associations than either young or old stands
(Roy et al. 1995).
Where older stands within this age-class exhibited old-growth characteristics,
including large, old trees, a multi-layered canopy, large amounts of coarse
woody debris, and mesic microhabitats, vole abundance was positively
correlated with understorey cover and, to a lesser extent, decay stage of logs
(Nordyke & Buskirk 1991). Data for other small mammals and for
mesocarnivores are absent.
Moose select for cutblocks (Thompson & Vukelich 1981) and burned
spruce/aspen mixedwood (Schwartz & Franzmann 1989) in the younger end
of this age-class; however abundance declines dramatically as the stands age
beyond 30 years, and reproductive success drops (Schwartz & Franzmann
1989). Roy et al. (1995) found that moose were less abundant in 50-60 yearold stands than in old growth stands, presumably due to the availability of
young forage in canopy gaps in old growth stands. There are no data for other
ungulates or large mammals that compare abundance at this successional
stage to old growth stages.
MATURE – OLD GROWTH STAGES: 76->125 YEARS POSTDISTURBANCE
Parallel Successional Development
Burned Stands (Old-growth uncut stands)
A heterogeneous canopy and stand structure, well developed understorey
layer, large trees and snags, downed woody material and canopy gaps are all

ALBERTA RESEARCH COUNCIL

10-32

MAMMALS

Heterogeneous canopy and
stand structure provide habitat
which supports greater species
richness in old aspenmixedwood forests.

Red-backed voles were
significantly more abundant in
old aspen-dominated
mixedwood stands than in
young or mature stands.

Masked shrews are also
abundant in old-growth stands.

Red squirrels exhibit a
preference for mature/old,
cone-producing stands and
large diameter spruce trees for
nesting.
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characteristics of old stands which create habitat for many small mammals. In
boreal Alberta, old aspen-dominated mixedwood stands (120+ years old)
supported a greater mammalian species richness compared to young and
mature stands during summer. Old and young stands supported a greater
species richness compared to mature stands during winter (Roy et al. 1995).
These stand associations were significantly related to canopy heterogeneity,
and in particular, gaps were shown to improve habitat for several species
because they support increased shrub cover and provided protection, moisture,
and a variety of food items. Additionally, snags provide denning and nesting
sites for many mammals (e.g. deer mice: Wolff & Hurlbutt 1982; flying
squirrels: Carey 1995; bats: Crampton & Barclay 1998).
Red-backed voles were significantly more abundant in old aspen-dominated
mixedwood stands than in young or mature stands. They were positively
associated with canopy heterogeneity, DWM, density of large snags and
shrub/saplings, and had moderate associations with both young and old stands
(Roy et al. 1995). Similarly, Nordyke and Buskirk (1991) noted that vole
abundance was greater in old-growth conifer stands with gaps than in closed
canopy mature stands, and Walters (1991) also documented high vole
abundance in old-growth conifer stands. Similarly, 110, 130 and 150 year-old
black spruce stands were dominated by red-backed voles, where they were
positively associated with tree height, broad-leafed shrub cover, and large
woody debris, and were negatively associated with dry sites (Simon et al.
1998). Deer mice may be common in old-growth stands (e.g. Scrivner &
Smith 1984), but in aspen-dominated mixedwood stands they were
considerably less abundant than in mature stands (Roy et al. 1995).
Masked shrews are also abundant in old-growth stands (conifer: Walters
1991; aspen mixedwood: Roy et al. 1995; black spruce: Simon et al. 1998;
balsam fir: Thompson & Curran 1995). Similar to red-backed voles, shrews
were more abundant in old aspen-dominated mixedwood stands than in young
or mature stands; they were positively associated with canopy heterogeneity
and density of large snags and shrub/saplings (Roy et al. 1995). In old-growth
black spruce stands, masked shrews were positively associated with shrub
cover (Simon et al. 1998).
Red squirrels were more abundant in old stands than mature or young stands
in Alberta’s aspen-dominated boreal mixedwoods, with a strong association
for old stands in summer, and a moderate association for young and old stands
in winter (Kemp & Keith 1970, Rusch & Reeder 1978, Roy et al. 1995).
Specifically, squirrels were positively correlated with canopy heterogeneity,
saplings, and large trees (Roy et al. 1995). In the Ontario boreal, red squirrel
tracks were generally more abundant in old uncut stands than in regenerating
stands (Thompson et al. 1989). In Alberta’s southern boreal forest, red
squirrels were most abundant in mature mixed spruce stands, followed by jack
pine, and then aspen stands (Rusch & Reeder 1978). The majority of red
squirrels found in aspen stands were juveniles (Kemp & Keith 1970, Rusch &
Reeder 1978), indicating stands without mature cone-bearing conifers may be
functioning as dispersal sinks, and represent suboptimal habitat relative to
conifer stands. Moreover, deciduous stands had lower squirrel densities and
higher overwinter mortality (Rusch & Reeder 1978). In general, red squirrels
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exhibit a preference for mature cone-producing stands (Kemp & Keith 1978),
wherein they preferentially nest in large diameter white spruce trees (Fancy
1980). Chipmunks are also expected to be common in these stands although
no data could be found to corroborate this.

Old stands provide food and
nest sites required by flying
squirrels.

Flying squirrels were also more abundant in old stands than mature or young
stands in Alberta’s aspen-dominated boreal mixedwoods, and are known to
commonly inhabit old-growth stands where food (Maser et al. 1985, 1986,
Waters & Zabel 1995) and nest sites are abundant (white spruce: Mowrey &
Zasada 1984; Douglas-fir: Rosenberg & Anthony 1992, Witt 1992, Carey
1995). In California fir stands, flying squirrel densities were greater in 200
year-old stands than in 75-95 year-old stands (Waters & Zabel 1995),
although some studies have documented similar abundance in mature stands
where old-growth remnants persist (Rosenberg & Anthony 1992). Flying
squirrels in aspen-dominated mixedwoods were positively associated with
white spruce and shrub/sapling densities (McDonald 1995), as well as
intermediate decay stages of DWM, which support fungi and lichen (Roy et
al. 1995). In addition, canopy gaps in old forests provide protective shrub
cover for squirrels foraging on the ground (McDonald 1995).
Hares use old-growth stands, but the habitat is less suitable than younger
stands. In aspen-dominated mixedwoods hares were significantly more
abundant in young (20-30 year-old) stands than either mature or old stands
(Roy et al. 1995). While food may be readily available in older stands, cover
may be inadequate (Westworth et al. 1984).

Bats are most abundant in old
stands, particularly aspenspruce mixedwoods.

Marten abundance, survival
and reproduction is greatest in
old growth stands.
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In aspen-dominated mixedwood stands, bats had higher foraging activity in
old stands than in young or mature stands, and all roost trees were located in
old stands (Crampton & Barclay 1998). Similarly, Thomas (1988) found that
bat activity was higher in old-growth than in young stands, probably due to
availability of roosting sites in old stands. Old stands also have less clutter
due to high canopy, low tree density and gaps (Crampton & Barclay 1998).
Most bat roosts have been found in large trees (i.e. tall relative to the canopy
and/or large dbh), which are often in a state of decay in old uncluttered stands
(Campbell et al. 1996, Callahan et al. 1997, Betts 1998, Crampton & Barclay
1998, Vonhof & Wilkinson 1999). In the boreal forest and aspen parkland,
bats preferred deciduous trees for roosts, favouring trees with heart rot or
sapsucker cavities (Crampton & Barclay 1995, Kalcounis & Brigham 1998).
In addition, bats were more active in boreal aspen-white spruce mixedwood
stands than in aspen or jack pine stands (Kalcounis et al. 1999).
Since the structure of this age of forest begins to approximate uncut forests,
mid-size and large mammals can be expected to be found in this seral stage in
abundances that begin to parallel old growth. Marten were found in uncut
stands at densities 90% greater than cut stands in Ontario (Thompson 1994).
The marten in these old uncut areas were also older and experienced lower
mortality rates than marten in younger logged stands (Thompson 1994). Rates
of prey capture were greater in old uncut than in 0-30 year-old logged stands
(Thompson & Colgan 1994). Marten tracks were most abundant in uncut
(150-200 years old) stands than in any other age-class of harvested stands
studied (ranging from 0 to 30+ years old) (Thompson et al. 1989). In their
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paper reviewing marten habitat requirements and modelling stand dynamics
based on these requirements, Sturtevant et al. (1996) suggest that vital
elements of marten habitat are found within stands with over-mature forest
structure. All of these studies indicate that the 76-125 year seral stage is
beneficial to marten populations. Data are absent for other mustelids, although
fishers are generally recognised as old-growth species (Buskirk & Powell
1994).

Red fox favour younger
successional stages.

Red fox tracks were less abundant in uncut stands than in regenerating stands
0-30+ years old (Thompson et al. 1989), indicating that they favour the
younger successional stages, most likely due to the higher abundances of prey
items occurring there. Moose tend to avoid mature stands (Cederlund &
Okarma 1988). Caribou tend to be associated with older forests (see Dzus
2001). As lichen is their primary winter forage, caribou are expected to make
use of stands of this age-class, as there is a steady increase in lichen mat
thickness as stands progress from a young burn to burns >90 years of age
(Arseneault et al. 1997). In Alaska, black-tailed deer were found to use
uneven-aged overmature forest much more heavily (as determined by pellet
counts) than young clearcuts or managed even-aged second growth stands
(Wallmo & Schoen 1980). Lynx tracks were rarely found in uncut stands
(Thompson et al. 1989), likely due to the paucity of snowshoe hares found
there. No other data could be found regarding other mammals’ use of this age
class forest relative to younger age classes.
Cut Stands
There is a dearth of information pertaining to harvest blocks at this stand age,
but it is expected that the small mammal community would be similar to those
in post-fire stands at this successional stage (see below).
Old-Growth Structure of Harvest Stands

There no are no studies
comparing burn-origin stands
and harvest-origin stands of
this age.

Ever since Aldo Leopold’s
landmark book Game
Management (1933), popular
conception has held that edges
are synonymous with high
mammal density and diversity.
An organisms’ response to
edge depends heavily on the
nature of each of the adjoining
habitat types.
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There no are no studies comparing burn-origin stands and harvest-origin
stands of this age. However, small mammals, ungulates, mustelids, canids,
and felids could be expected to respond to harvested stands of this age in the
same manner as naturally derived stands, assuming similar tree species
composition in each. Although the start of this successional stage may bear
more resemblance to mature stands than overmature (old growth) stands, from
the point of view of mammalian diversity in the boreal forest the end of the
76-125 year age class could start to be considered ‘old growth’.
MAMMALIAN RESPONSES TO FOREST EDGES
Ever since Aldo Leopold’s landmark book Game Management (1933),
popular conception has held that edges are synonymous with high mammal
density and diversity. Traditional wisdom states that edges between differing
habitat types produce greater vegetative diversity than either habitat alone;
this vegetative diversity would in turn benefit game species and also increase
non-game diversity (see Harris 1988, Yahner 1988 for reviews). However, it
has since been acknowledged that an organisms’ response to edge depends
heavily on the nature of each of the adjoining habitat types, the degree of
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contrast between them at their interface, and the habitat preferences of the
organism being considered (e.g. Voller 1998). The net effect of edge can
therefore vary widely.

There are two mechanisms
effecting the mammalian
response to edge.

The term ‘edge’ in all cases
refers to the interface between
a harvested stand of specified
successional stage, and the
adjoining deciduous,
coniferous or mixedwood
boreal forest stand.

The processes effecting mammalian response to edge have been addressed
both empirically (e.g. Stamps et al. 1987, Manson et al. 1999) and
theoretically (e.g. Karieva 1987, Harris 1988, Yahner 1988, Fagan et al. 1999)
in the literature. Although there are many different mechanisms effecting the
response to edge (Hansson 1994), we organise them into two main
mechanisms: 1) a response to the unique vegetational characteristics and
ecological processes occurring at the ‘edge habitat’, and 2) a response to the
edge as a conduit for connectivity between two differing, possibly
complementary, juxtaposed habitat types (see Dunning et al. 1992, Taylor et
al. 1993). The former is a stand-level phenomenon while the latter is a
landscape-level one. Although the scope of this document provides focus on
the response of mammals to edge habitat at the stand level, the effect of edge
as a landscape patch interface is often more important than stand-level effects,
and will also be discussed herein.
Although edges occur between any two differing patch types, this chapter
specifically summarises literature regarding the response of mammals to
cutblock edges, as the relative age difference between the cut and the
adjoining forest habitat decreases through time. It follows the same
chronology employed in the previous section. The term ‘edge’ in all cases
refers to the interface between a harvested stand of specified successional
stage, and the adjoining deciduous, coniferous or mixedwood boreal forest
stand.
Initiation Stage: 0-10 Years Post-Disturbance

Small mammal response to
young edges to ambiguous.
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The response of small mammals to cut/forest edge is unfortunately
ambiguous. Bayne and Hobson (1998) noted that edges created by logging are
often transient with little transition-zone type vegetation. They tend to have
low shrub cover and fewer food resources due to high temperatures and low
moisture (Saunders et al. 1991). Young cuts aged 0–5 years old displayed no
effect of edge on small mammal communities (Sekgororoane & Dilworth
1995). However they found that the edge between 6-10 year-old clearcuts and
old forests - defined in this study as 10 m into each patch type - had higher
relative abundances of all species of small mammals, but no differences in
species diversity. The edge effect was due in large part to the response by deer
mice, which were not captured beyond 10 metres into the cutblock, and redbacked voles, which were not captured beyond 5 metres into the cutblock. In
forest/old-field edges Manson et al. (1999) found that the abundant shrub
cover and complexity occurring there had a positive effect on deer mouse
abundance. Bayne and Hobson (1998) did not detect an edge effect in forest
patches for most small mammal species, but suggested that red-backed voles
may not use edges as much as interior habitat. Walters (1991) found that redbacked voles were not common in clearcut edges, which included habitat
extending 35-50 metres into adjacent forest. Meadow voles were found to
feed on tree seedlings 30-40 m into the forest edge, but not into the forest
interior (Cadenasso & Pickett, 2000). Manson et al. (1999) found that
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abundant shrub cover and high structural complexity negatively affected
meadow vole abundance. No edge effects have been detected for shrews
(Blarina brevicauda, Sorex cinereus, and S. fumeus) or jumping mice
(Napeozapus insignis, Zapus hudsonicus) (Manson et al. 1995, Sekgororoane
& Dilworth 1995).

Studies in the boreal forest
have found no evidence for an
increase in nest predation by
squirrels, mice, or voles along
young clearcut/forest edges.

Forest edges are recognised as
foraging habitat for bats, likely
due to lack of clutter, as well as
relatively high insect
abundance.

Moose are positively associated
with edges.
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Red squirrels have long been suspected of exploiting anthropogenic edges to
prey upon migratory songbird eggs; however, studies in the boreal forest have
found no evidence for an increase in nest predation by squirrels, mice, or
voles along young clearcut/forest edges (Bayne & Hobson 1997, Darveau et
al. 1997, Tittler 1998, Cotterill & Hannon 1999, Ibarzabal & Desrochers
2001, Song & Hannon 1999). Cotterill and Hannon (1999) suggest that
available data from these studies indicate that brood predators do not
congregate at forest edges. King et al. (1998) found that red squirrel
abundance in New Hampshire was predicted by a regression model that
included distance from recent clear-cut edge, although the effects of that
distance alone were not investigated. Fisher (1999) suggested that red
squirrels might be benefiting from the juxtaposition of clearcut habitats with
supplementary food sources, and forested stands - a landscape-level effect. No
data were found regarding flying squirrels’ or hares’ response to edge.
Forest edges are recognised as foraging habitat for bats, likely due to lack of
clutter, as well as relatively high insect abundance (Grindal 1996). They may
also serve as navigational corridors (Limpens & Kapteyn 1991, Grindal
1996). In logged areas, bats preferred foraging at edges, compared to forests
and open areas such as clear cuts (Grindal 1996, Crampton & Barclay 1998).
Insect abundance is high in open areas and may partially explain bats’
association with edges; however the preference for edge is likely due to
predator avoidance (Estrada et al. 1993, de Jong 1994). Use of open versus
cluttered habitats depends on bat morphology. Larger species are more likely
to exploit open areas for foraging due to limited manoeuvrability (Grindal
1996). However, in the absence of suitable roosting sites, it is unlikely that the
creation of edges through harvesting will increase bat abundance (Crampton
& Barclay 1996), as bat distribution is likely dependent on roost availability
and interspecific competition for roosts (Perkins 1996); roosts are usually
associated with senescent trees in old growth successional stages. The boreal
forest has natural edges due to fragmentation, riparian areas, and canopy gaps;
old growth habitat is more limited, hence bat management should focus on old
growth rather than on edges.
The response of moose to edges has traditionally been viewed as a favourable
one. Moose near Ontario boreal cutblocks moved mostly within, or at, the
edges of large uncut mixedwoods stands (Thompson & Vukelich 1981).
Residual edges are particularly important in facilitating moose movement
through cutblocks. Mastenbrook and Cumming (1989) found that moose
preferred to stay close (within approximately 45 m) of cut/residual edges
rather than venture into the interiors of cutblocks. Moose apparently selected
the juxtaposition of regenerating vegetation in the cut and escape cover,
thermal cover, and lower snow depth in the residual, as browse surveys
indicated that food availability alone was not a factor in the selection of edges
(Mastenbrook & Cumming 1989). Similarly, in Minnesota moose selected
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both sides of a burn/forest edge, and selected against the centre of the burn or
the unburned forest (Neu et al. 1974). The use of clear cuts by moose in
Alberta was not affected by distance to edge unless there was anthropogenic
harassment (e.g. hunting); then moose were located closer to edges than
expected (Tomm et al. 1981). In Sweden browsing rates of small deciduous
trees by moose were found to be independent of distance to edge (Andrén &
Angelstam 1993), whereas track density was higher in the centre of clearcuts
than at the edge (Hansson 1994). In a naturally heterogeneous system, moose
selected edges in spring and summer (Cairns & Telfer 1980). In summary,
moose are generally positively associated with both burn and cutblock edges
where they adjoin older forests; the combination of enhanced browse with
available cover provides for preferred habitat.

Deer are found in conjunction
with edges of large clearcuts
without residuals, benefiting
from the juxtaposition of
browse and cover.

Deer response to edges is
dependent on stand and
landscape characteristics.

ALBERTA RESEARCH COUNCIL

For white-tailed deer, the positive effects of clearcut/forest edge vary with the
size of the cutblock. Deer are found in conjunction with edges of large
clearcuts without residuals, benefiting from the juxtaposition of browse and
cover (see previous section). Sweeny et al. (1984) however did not find
decreased white-tailed deer activity with increasing distance from forest edge
into small (<25 ha) young (<1 year old) cutovers. In a heterogeneous National
Park, white-tailed deer showed the least preference for edges compared to elk,
which selected edges year-round, and moose, which selected edges in spring
and summer (Cairns & Telfer 1980). The cover offered by clearcut edge
appears to be most beneficial where large areas have been disturbed (and
hence large areas of cover have been removed). This is supported by habitat
utilisation studies (Kearney & Gilbert 1976) that suggest white-tailed deer
select habitat more on the basis of shelter than on food availability.
Nonetheless, the early successional vegetation offered by high edge-density
areas does provide for increased deer browse production (see brief review in
Kremsater & Bunnell 1992). In Alberta, shrub utilisation by deer was highly
correlated with edge per unit area of young cutblocks, and deer exhibited a
strong preference for the edges of cutblocks rather than interior habitats
(Tomm et al. 1981). As with moose, the juxtaposition of shelter and
regenerating food provide good habitat for white-tailed deer, but may
detrimentally impact other components of the ecosystem. In their review,
Alverson et al. (1988) suggest that managing Wisconsin forests for increased
edge has boosted white-tailed deer densities beyond historical levels, and that
this increased deer population has prevented the regeneration of many interior
forest plant species.
Although white-tailed deer apparently benefit from forest-disturbance edge,
the importance of edge to black-tailed deer is more amorphous. In the Alaskan
boreal, Kirchhoff and Schoen (1983) inventoried pellet deposits and did not
find any difference in winter black-tailed deer pellet densities near oldgrowth/clear-cut edge compared to non-edge areas. They attributed this to
increased snow depth in the clearcut and the tendency for slash and blowdown
at the forest edge to hamper browse availability. In addition, they postulated
that although edges are known to increase habitat diversity and hence browse
availability, the naturally heterogeneous old-growth boreal forest may already
supply this without sacrificing protective cover (Kirchhoff & Schoen 1983).
These findings can be questioned as pellets counts as an estimator of habitat
use can be unreliable (Collins 1981) leading to contrasting results between
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studies. Similar to white-tailed deer, the response to forest edges by blacktailed deer also varies with the extent of the disturbed areas. Kremsater and
Bunnell (1992) found that black-tailed deer in British Columbia were located
closer to clearcut/old growth edges where disturbances were large and
interspersion of habitat types was coarse grained. Deer were positively
associated with distances up to 100 m from the cut/old-growth edge, but were
negatively associated with areas >250 m from the edge (Kremsater & Bunnell
1992). In contrast, there was no measurable response of black-tailed deer to
cut/forest edges where disturbances were small, there was fine-scale
interspersion of habitat types, and different seral stages were located within
close proximity to one another (Kremsater & Bunnell 1992). Deer response to
edges is thus dependent not only on stand characteristics but landscape
characteristics as well; consideration of the size and juxtaposition of different
habitat types at the landscape level is key in predicting the abundance of deer
in managed landscapes.

Marten are negatively affected
by fragmentation, enforcing
the importance of managing
edges from a landscape
perspective.

Stand-level effects of edge on
canids and felids are
ambiguous or absent.

ALBERTA RESEARCH COUNCIL

Data on the effect of edge on mustelids at the stand level are scarce. In Maine,
marten were not located closer to, or further from, edges than was expected
from random locations (Chapin et al. 1998). The density of edges in the
martens’ home range was not different than that expected based on
availability, indicating they were neither selecting nor avoiding edge habitats.
On a landscape level, increasing amounts of edge leads to fewer marten. In
Utah, landscapes with large clumped open areas and high edge density had the
lowest abundance of marten; landscapes with fewer scattered open areas and
low edge density had the highest marten abundance (Hargis et al. 1999).
Martens were nearly absent in landscapes with >25% open areas, despite the
fact that small mammal prey densities can be higher in disturbed open areas.
These results are mirrored in Maine, where marten occurred in large patches
(ca. 27 ha) more often than in small patches (ca. 1.5 ha). Patches with marten
were closer to other larger patches than were patches without marten (Chapin
et al. 1998). Hence marten showed a negative association with landscape
fragmentation, low habitat patch interspersion, and high edge density in the
landscape. In summary, marten are rare or absent from landscapes with
extensive (>25%) fragmentation. This is also likely true for fisher and
possibly smaller mustelids such as ermine and long-tailed weasels. The large
home range and vagility of these animals makes effects at landscape scales
much more important relative to stand scales; fragmentation effects are likely
to be of greater consequence to marten abundance than stand-level
characteristics. Although stand-level effects on marten are seldom seen (see
brief review in Hargis et al. 1999), the data strongly indicate that adverse
effects of high edge density at the landscape level would swamp any response
at the stand level. Thus the importance of managing for edges from a
landscape perspective is enforced.
Stand-level effects of edge on canids and felids are ambiguous or absent. In
Sweden, red fox track density was distributed evenly among clearcuts, forest
interiors, and edges (Hansson 1994). Red fox and coyote tracks occurred less
than expected >100 m from habitat edges in New Hampshire (Oehler &
Litvaitis 1996); however this measured response to edge differed between
spatial scales, among seasons, and across landscapes with different levels of
heterogeneity, making the response of wild canids to edges highly debatable.
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Also problematic is the fact that this landscape was not forested/clearcut and
included many non-boreal patch types, so extrapolation to boreal systems is
questionable. Other than these studies there are few data on the effects of
young clearcut/old forest edge on other mustelids, canids, and felids. It can be
postulated that since edges do not appear to be substantially favourable small
mammal habitat, predators would not use edges more often than interior
habitats. The trade-off between predation risk and foraging rate would not
make such use worthwhile. However, this supposition has yet to be tested
scientifically. This remains a considerable data gap as predators can influence
the distribution and abundance of their respective prey species in the boreal
forest and may be a considerable driver in effecting the mammalian response
to cut/forest edge. Like mustelids, any effect of edge will likely occur at
landscape rather than stand scales.
Establishment Stage: 11-25 Years Post-Disturbance
The primary focus of studies investigating the influence of edge on mammals
is on relatively new edges. As a disturbed patch and its resultant edges age,
the numbers of studies examining them decrease significantly. The following
is a synopsis of those few studies available.

There is no definitive trend in
small mammal diversity at
edges of this age.

As disturbed areas age, edges become softer with more vegetation and fewer
differences between the cut and uncut stands. As there is no definitive trend in
small mammal diversity at younger edges, it is not surprising none can be
detected at these older, softer edges either. Kingston and Morris (2000)
examined red-backed vole distribution and looked for an effect of edge
between old coniferous stands and 15 year-old cutovers. They found that
voles did not respond to the edge between these two patch types (Kingston &
Morris 2000) and concluded that there were not enough differences between
the habitat types to affect a response to edge for red-backed voles. No data
exist on other small mammals response to 11-25 year-old edges, but it can be
postulated that there is no response by these mammals to edges of this age.
No data exist for bats, squirrels, or hares response to edges at this successional
stage. Hares will likely make use of these edges for the increased browse and
shrub cover they provide, as they do entire stands of this age (see previous
section), but this needs to be tested.

Residual edge is preferred by
moose in stands of this age.

Mustelids likely are
uninfluenced by stand-level
edge effects at this
successional stage.
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Moose preferred cutblocks 10-15 years of age with scattered residuals more
than dense conifer and open cut areas; in fact, the residual-cutblock edge
influenced moose use of cutblocks more significantly than the border edge of
the cutblocks (McNicol & Gilbert 1980). This may have been due to the fact
that the scattered residuals in cutblocks of this age provided the greatest
diversity and amount of browse species. Residuals with dense conifer cover
were used less than expected based on availability, probably due to less
favourable browse (McNicol & Gilbert 1980). Where browse exists, edges of
this age are preferred by moose. No data exist for deer response to edges of
this age; however, if browse remains, the increased cover would likely foster
increased occupation of edge habitats.
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Mustelids likely are uninfluenced by stand-level edge effects at this
successional stage. In Maine, marten were not located closer to or further
from edges of this age than was expected from random locations (Chapin et
al. 1998). The density of edges in the martens’ home range was not different
than that expected based on availability, indicating they were neither selecting
nor avoiding edge habitats.
Wolves were observed using the edge of a 15 year-old burned area in
Algonquin Park (Théberge & Pimlott 1969), but no scientific studies have
been conducted to assess the affect edge habitat may play in influencing wolf
distribution or maintaining wolf populations. Nor do data exist for other
canids or felids.

Based on bird predation
studies, mammalian predators
of eggs and nests seem to
prefer ‘soft’ edges.

A plethora of literature exists regarding mammalian predation on avian
broods (“brood predation”) situated in forest / clearcut edges. FenskeCrawford and Niemi (1997) tested the relative amount of brood predation in
young (2-4 year-old) and older (13-19 year-old) aspen clearcut stands
adjacent to old forests. The young cut/forest edge constituted a ‘hard’ edge
while the older stand, having regenerated somewhat and containing a
vegetation structure more similar to that of the forest subcanopy, was termed a
‘soft edge’. Predation by mammals – including red-backed voles, deer mice,
red squirrels, fisher, and black bears – was significantly higher at soft edges
than at hard ones (Fenske-Crawford & Niemi 1997). Predation was also
greater near the edge than at 50 m or at 100 m from the edge. These results,
and the lack of increased predation seen at younger edges (Bayne & Hobson
1997, Darveau et al. 1997, Tittler 1998, Cotterill & Hannon 1999, Song &
Hannon 1999, Ibarzabal & Desrochers 2001,) suggest that predators prefer the
greater cover afforded at soft (older) edges than at harder, vegetationally
sparse, younger edges. This may be especially true for aspen clearcuts which
regenerate considerably within the span of a decade. The affinity for older
edges due to increased cover likely applies to usage of these edges in general,
and is not exclusive to the phenomenon of brood predation. The increased
presence of moose and possibly deer at edges of this age might have a
landscape-level influence on predator distribution. This hypothesis requires
testing before solid conclusions can be reached and managerial
recommendations made, but as in the first successional stage, a prevalence of
edge in a landscape is almost certainly too much of a good thing.
Aggradation Stage: 26-75 Years Post-Disturbance
No data could be found regarding the mammalian response to edges at this
successional stage.
Mature - Old Growth Stage: 76->125 Years Post-Disturbance
At this age the interface between patches of differing tree species composition
is rarely examined as such; studies of the influence of between-patch
heterogeneity (e.g. Fisher 1999) or interpatch dynamics are the norm once
patches reach the mature and old-growth stages. There are a few exceptions,
and these are highlighted here.
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At this age, edge effects either
do not occur, or are swamped
by more important within stand
variables.

Kingston and Morris (2000) examined red-backed vole distribution and
looked for an effect of edge between old coniferous stands and 85 year-old
deciduous stands of burn origin. They found that voles did not respond to the
edge (or ecotone, as is usually termed a soft feathered edge) between these
two patch types. These results matched tests for edge effects between old
coniferous stands and 15 year-old cutovers (Kingston & Morris 2000). Further
modelling suggested that there were not enough differences between the
habitat types to cause a response to edge for red-backed voles. No data exist
for other small or arboreal mammals, mustelids, canids or felids. Kremsater
and Bunnell (1992) found no response of black-tailed deer to edges among
clearcut, second growth, and old growth stands. No data exist for other
ungulate species. Despite the lack of data, it is safe to conclude that at this
stand age, edge habitats do not influence mammal distribution or survival.
Even if some effects still occur, then these are swamped by more important
within-stand characteristics such as vegetation and canopy structure, and by
landscape-level effects such as habitat juxtaposition.
CONCLUSIONS

Both stand- and landscapelevel forest / clearcut edges
affect mammalian distribution
and abundance, but the nature
of this relationship varies with
time.

The linkage between the
aquatic system and the
terrestrial one is the
distinguishing characteristic of
riparian systems, and makes
them unique in the boreal
forest.
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Both stand- and landscape-level forest / clearcut edges affect mammalian
distribution and abundance, but the nature of this relationship varies with
time. Small mammal abundance, but not species presence, is sometimes
affected by stand-level edge effects at the 0-10 year age-class, although this
influence appears highly variable. Brood predators and carnivores are not
affected by edge at this age-class but can be positively affected in the 11-25
year age-class as cover improves. Stand-level effects can change with season,
and with shifts in the vertebrate community (Hansson 1994), indicating
predation (in conjunction with browse availability) likely drives response to
edge for many species. Mustelids such as marten, and other large mammals
such as felids and canids, while not responsive to edge at the stand level, are
negatively impacted by high edge density and fragmentation at the landscape
level. In some cases this can lead to the exclusion of these species from the
landscape. Ungulate reliance on edge for cover occurs mainly where
disturbance is large and much cover has been removed. In these systems edge
density will naturally be less and hence ungulate abundance will be lower.
However, increased ungulate abundance has been shown to detrimentally
impact other components of the ecosystem including forest interior plants.
Managing a landscape for fewer scattered open areas and less edge density so that overall landscape fragmentation does not exceed 25% - will help
maintain marten and other mesocarnivores in the landscape while preventing
overabundance of ungulate species. As edges age past 25 years, the observed
effects of edge diminish almost entirely.
MAMMALIAN RESPONSES TO RIPARIAN RESIDUALS
Riparian areas are aptly described as “the three-dimensional zones of direct
interaction between terrestrial and aquatic systems” (Gregory et al. 1991).
The linkage between the aquatic system and the terrestrial one is the
distinguishing characteristic of riparian systems, and makes them unique in
the boreal forest. The productivity of aquatic biota is influenced by the
composition and function of terrestrial biota and abiota; likewise fauna in the
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Management decisions that
impact on the ecology of
riparian areas must be made
on a basin-wide basis rather
than at the stand level.

Riparian areas have unique
mammal assemblages.

terrestrial riparian are influenced by aquatic productivity (Gregory et al. 1991,
Naiman et al. 1993). Riparian zones have two distinct disturbance regimes:
one at streamside, in the area closest to water flow, one stream-remote, within
the boundaries of the riparian zones but farthest from the water flow. The
frequent disturbance rate in riparian zones at streamside - due to seasonal
water level changes, nutrient pulses, and stochastic floods - combines with a
large variance in microtopographical features to generate increased floral
diversity, and consequently faunal diversity. In the stream-remote area of the
riparian zone, disturbance rates are usually lower than in the surrounding
upland and much lower than at streamside. Although fire can be an integral
part of riparian zone ecology (Andison & McCleary 2002), riparian areas are
typically burned less severely than upland during forest fire events due to the
moist conditions at these sites. Consequently timber in the riparian zone is
often older than nearby upland stands (Haggstrom & Kelleyhouse 1996).
These old-growth conditions can house species occurring less frequently in
upland. The linear nature of water flow is also a unique attribute of riparian
systems. Transport of matter (both abiotic and biotic) is enhanced;
consequently disturbance is propagated over larger areas in a shorter time than
in upland systems. Management decisions that impact on the ecology of
riparian areas must therefore be made on a basin-wide basis rather than at the
stand level (Naiman et al. 1993).
In mammalian terms, riparian areas are both diverse and unique. Beaver
(Castor canadensis), river otter (Lutra canadensis) and muskrat (Ondatra
zibethicus) are all restricted solely to riparian areas, relying on the land-water
interface to survive. Terrestrial mammals also make extensive use of riparian
areas, as will be discussed herein. Hence it is also likely that riparian residuals
– defined as the unharvested strips of forested area or ‘buffers’ adjacent to a
water body – are important habitat elements for mammals. Unfortunately, the
amount of research invested in examining the role of harvest-based riparian
residuals in maintaining mammalian populations in managed stands is
meager. Although there have been studies that address the importance of
riverine corridors as places of increased diversity and connectivity (Naiman et
al. 1993), with few exceptions studies of the efficacy of riparian areas as
buffers of forest harvesting have been neglected in boreal North America.
This Section will therefore provide, where available, a review of the research
investigating the general importance of boreal riparian areas to mammal
populations. Where the literature fails to extend into riparian residuals
resulting from forest harvesting, expert opinion will be provided regarding the
import and effects of leaving riparian residuals in a forest management
program.
Mammalian Use of Riparian Areas
The importance of riparian residuals (post-harvest) to small mammals, and
buffer width requirements, differ with species specificity. In Québec redbacked voles (Clethrionomys gapperi) were significantly less abundant in 20m wide riparian forest strips adjacent to <5 year-old clearcuts than in control
strips >300 m wide. However, the actual width of the strip appeared
unimportant - there were no differences in abundance between 20 m, 40 m,
and 60 m strips (Darveau et al. 2001). The lower abundance of red-backed
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To encompass the habitat
requirements of all small
mammal species, wider strips
are preferable.

voles in 20 m strips may have been due to an aversion to streamside edge.
Within the 300 m controls, red-backed voles were more abundant farther from
the streamside (50 m) than closer (10 m and 30 m). There were no significant
differences in Peromyscus maniculatus (deer mouse) abundance between the
controls and riparian residuals of any width; however deer mice exhibited an
affinity for streamside edge, as they were more abundant streamside (10 m)
than farther away (30 m and 50 m) within the 300 m control strip. Despite
differences in distribution within buffer zones, both of these species preferred
riparian residuals over clearcuts (Darveau et al. 2001); to encompass the
habitat requirements of all small mammal species wider strips are preferable
to narrow ones.
The link between the aquatic system and terrestrial one also has an influence
on small mammal abundance. Riparian trees are sources for streamborne
coarse woody debris, which has been shown to be habitat for deer mice and
other small mammals (Steel et al. 1999). As would be expected by its
previously described preference for disturbed habitats, meadow voles
(Microtus pennsylvanicus) dominated clearcuts and were found less
frequently in riparian forest strips (Darveau et al. 2001). Clearcuts that do not
use riparian buffers would probably maintain meadow voles but are likely to
lose red-backed voles and deer mice; these are important prey species for
many larger mammals and predatory birds, so the ecological repercussions of
neglecting riparian residuals would be extensive.

Large, old, riparian trees are
important habitat for many
species.
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As mentioned in the introduction, although riparian areas do burn they are
sometimes skipped or only lightly burned by fire due to the moist conditions
at these sites (Andison & McCleary 2002), leaving riparian zone timber that is
often older than nearby upland stands (Haggstrom & Kelleyhouse 1996).
These mature or old-growth trees are important habitat for many arboreal
species such as flying squirrels, red squirrels, and other mature- or old-growth
specialists. Riparian areas are used extensively by bats for travelling and
foraging. Some bat species, such as little brown bats, are known to forage
over water to exploit insect assemblages associated with aquatic habitat. In
British Columbia, rates of bat activity and bat foraging (as evidenced by
feeding calls) were significantly higher in riparian habitats than in <20 yearold upland clearcuts (Grindal et al. 1999). Riparian areas also represent edges
which provide uncluttered habitat, often with high prey abundance. Grindal
(1996) found that foraging was highest near water, versus clear cuts and
forests. Use of riparian areas by bats for travel was 10 times greater than bats’
use of clearcuts; foraging rates in riparian areas were 40 times greater. Adult
females were captured more often in riparian areas than were adult males
(Grindal et al. 1999), indicating that riparian areas support the reproductive
component of the population and as such likely serve as population sources.
Significantly, riparian stands often contain senescent cavity-bearing trees due
to reduced fire activity, which provide critical roosting habitat. Particularly in
conifer-dominated mixedwood stands, large deciduous trees with cracks and
cavities provide the most suitable roosts (Vonhof & Wilkinson 1999). Some
studies have noted roosts in stands or patches in close proximity to riparian
edges (Grindal 1998, Zielinski & Gellman 1999). Given these data, the
presence of riparian residuals are likely important in maintaining bat
populations after harvest.
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Hares and hare predators
select for riparian habitat.

Snowshoe hares preferred riparian habitats to open habitats or older post-fire
regenerated stands, due to the abundance of available forage (St-Georges et
al. 1995). The disturbed nature of streamside riparian zones allows for
frequent and rapid regrowth of the small deciduous shrubs favoured by hares.
Darveau et al. (1998) found low occurrences of hare browsing in 20 m, 40 m,
and 60 m forest riparian strips adjacent to clearcuts, but also found these low
numbers mirrored in control plots and concede that sampling methodology
may have limited their detection capability. Despite overall low numbers of
hares found, these riparian residuals had a significantly higher proportion of
browsing than was expected by chance; the >300 m residual control area did
not. Hare pellet counts were significantly different between forest riparian
residuals (including the streamside zone) and adjacent clearcuts, with hares
preferring the riparian residuals the first six years after harvesting (Darveau et
al. 1998).
As hares select for riparian habitat, so do hare predators. St-Georges et al.
(1995) found that red foxes were strongly associated with riparian habitats.
This association was attributed to the interface nature of riparian habitat, as it
juxtaposed both deciduous and conifer habitat, a more diverse (and more
abundant) prey base occurred there. Foxes were strongly associated with
riparian areas in Maine; over 80% of telemetry-based locations of radiocollared foxes were less than a kilometre from still and flowing water bodies
(Harrison et al. 1989). These were incidental data, however, as this study was
not designed to test for habitat selection. The importance of riparian areas for
mesocarnivores such as fox and coyotes remains a notable data gap that needs
to be bridged.

The influence of riparian areas
on other mid-size mammal
distribution is somewhat
equivocal.

Available evidence suggests
that leaving riparian residuals
would increase mid-size
mammal occupation of
harvested landscapes.

The influence of riparian areas on other mid-size mammal distribution is
somewhat equivocal. In Newfoundland, Forsey and Baggs (2001) compared
winter tracks of red squirrels, hares, marten, weasels, and red foxes in riparian
areas with tracks in forest interiors and in new (<2 years old) clearcuts.
Results were highly variable, but overall track counts of these species were
more abundant in forest interiors than in riparian areas. Pooled data for all
species showed increasing abundance of tracks with increasing distance from
the stream edge in uncut areas. In harvested areas however, marten, hare, and
squirrel track abundances were significantly greater in forested areas than
within clearcuts. Following cuts, more tracks (notably the locally endangered
marten) were found in riparian buffers than within clearcuts (Forsey & Baggs
2001). These results are difficult to extrapolate to other places in the boreal;
the number of sites examined was limited by logistics, and Newfoundland has
a very depauperate flora and fauna resulting in different interspecific
dynamics and animal-habitat relationships. Riparian areas need to be
examined in more typical mainland boreal systems before any solid
conclusions can be drawn about the relative importance of riparian vs. upland
residuals to the mid-size mammal community. For now, available evidence
suggests that leaving riparian residuals would increase mid-size mammal
occupation of harvested landscapes.
Ungulates show a marked preference for riparian habitats. Aquatic vegetation
is a highly digestible and sodium-rich source of forage for moose
(MacCracken et al. 1993). Moose also prefer the browse in young seral stages
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Ungulates show a marked
preference for riparian
habitats.

Riparian stands should be
assigned high conservation
priority given the strong
association of white-tailed deer
with these areas.

common in the stream-adjacent riparian areas disturbed by flooding events
(Collins & Helm 1997). Ungulates also benefit from the stream-remote
mature/old-growth riparian forest; in winter, dense canopies of conifer inhibit
provide thermal cover, and inhibit snow accumulation on the ground, making
travel and forage access easier (LeResche et al. 1974). White-tailed deer show
a definite preference for riparian zones. In Québec, pellet counts were
conducted by Larue and Bélanger (1994) to determine habitat selection by
white-tailed deer in riparian areas. Riparian stands were used twice as much
as upland stands. The mechanism behind this selection could not be detected,
as tests for differences in forage availability across areas were not significant;
however Larue and Bélanger (1994) hypothesised that predator avoidance
may have been a factor. The importance of riparian habitat to white-tailed
deer was corroborated by Leach and Edge (1994) in Montana. They found
that white-tailed deer used riparian habitat more than expected, and upland
habitat less than expected, based on availability. Unlogged riparian habitat
was most strongly selected by adults, whereas yearlings selected logged
riparian, over unlogged upland and clearcuts. Use of unlogged riparian by
adults indicates this habitat is likely a population source. Deer home-ranges
with a higher percentage of unlogged riparian were smaller than those homeranges with higher proportions of logged riparian (Leach & Edge 1994). This
indicates logged riparian habitat is suboptimal when compared with unlogged,
as there are energy costs in maintaining larger home ranges. Within deer
home-ranges, both adults and yearlings were located in logged and unlogged
riparian areas more than expected, and in upland areas less than expected,
based on availability. Both Larue and Bélanger (1994) and Leach and Edge
(1994) recommended that riparian stands be assigned high conservation
priority given the strong association of white-tailed deer with these areas.
Some studies have presumed on the basis of a few observations that predators
tend to use riverine corridors and hence these would be avoided by ungulates;
however, this may not always be the case (Young & McCabe 1998). Caribou
on the coastal plain of north-eastern Alaska were found closer to river
corridors than expected, while grizzly bears showed no preference. In the
foothills of that region caribou did not select or avoid riverine corridors
whereas grizzly bears were found farther from corridors than expected
(Young & McCabe 1998). This suggests that riverine corridors may not
always be high-predator density areas with high ungulate mortality.

Grizzly and black bears show a
preference for riparian areas.
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Nevertheless, there is considerable evidence outside of Alaska that large
carnivores show a distinct preference for riparian areas. Grizzly bears in
Montana used riparian areas more often than expected based on their
availability in the landscape. This occurred in both in the spring and autumn
seasons, when succulent vegetation was abundant (Servheen 1983). McLellan
and Hovey (2001) found that riparian habitats in Montana were occupied by
some grizzly bears immediately following den emergence in the spring. In
autumn, riparian habitats were preferred over all other habitats available.
Regenerating clearcuts were selected against in all seasons. Black bears in
Idaho also selected riparian areas in the spring, summer and fall for bedding,
and for feeding as they were sources of abundant succulent foods (Unsworth
et al. 1989). This is corroborated by Vander Heyden and Meslow (1999) who
found that black bears in Oregon were positively associated with streams and
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riparian areas. Riparian habitats are important for black bears due to the
unique diversity of terrestrial and aquatic floral and faunal forage available
there (Young & Beecham 1986). McLelland and Hovey (2001) recommend
that riparian areas remain as undisturbed as possible by harvest, roadbuilding, and other anthropogenic activities to preserve this important and
fragile habitat component.

Mammals affect the function
of riparian ecosystems.

Although the focus of this chapter has been on riparian influence on terrestrial
mammals, the interaction between land and water does not extend only from
the aquatic zone into the terrestrial (see Naiman and Rogers 1997 for review).
Mammals have a significant role in maintaining aquatic processes. Beavers
infuse DWM into watercourses when damming streams. The pools thus
formed store sediments, enhance decomposition, and sometimes even
completely shift flow paths of aquatic systems. Moose feed on aquatic
vegetation, thus moving nutrients from the stream to the land, and stirring up
sediments that are transported downstream. Ungulate browsing on young seral
plants change succession patterns. This alters rates of accumulation of
decompositional material in the watercourse, as well as hydrology in the
streamside zone. Ungulate and bear trails through the riparian forest increase
connectivity for a spectrum of species (Naiman & Rogers 1997). Maintaining
mammal species is thus key to maintaining natural riparian function. These
unique and important processes occurring within riparian zones and residuals
do not have an upland residual equivalent, emphasising the importance of
leaving riparian residuals when designing forest harvest plans.
SUMMARY

Corridor width is not the
correct approach for
conserving species in a
landscape.
Topographic factors and
elements of riparian-upland
interfaces need to be
considered for each site.

Riparian areas are sites of
high mammal diversity.

It is recommended that
riparian residuals be
maintained on the landscape.

ALBERTA RESEARCH COUNCIL

Spackman and Hughes (1995) attempted to assess minimum riparian buffer
widths for conserving a suite of taxa by surveying flora and fauna and their
distribution relative to the stream high waterline. They found that mammals
surveyed, including white-tailed deer, coyotes, racoons, red fox, and
snowshoe hares, used the geolittoral zones and the area a few metres above
the high water mark. However, the variation amongst other taxa was
considerable, indicating that there is no standard stream width that will
encompass all taxa (Spackman & Hughes 1995). They suggest that corridor
width is not the correct approach for conserving species in a landscape, and
that topographic factors and elements of riparian-upland interfaces need to be
considered for each site.
Riparian areas are sites of floral diversity that provide forage and cover for
small mammals, bats, arboreal mammals, hares, canids, mustelids, ungulates,
and large carnivores. The preference of riparian areas over upland has been
shown for all groups except for some small mammals and mustelids; in these
cases research is urgently needed to fill in large data gaps. The relatively
consistent response of mammals to riparian areas and post-harvest riparian
residuals suggests that retaining these areas is an integral part of maintaining
biodiversity in managed stands and landscapes.
Although there have been no studies to address the relative importance of
riparian residuals vs. upland residuals to mammalian diversity, it is
recommended that riparian residuals be maintained on the landscape. The
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linkage between aquatic and terrestrial systems makes them completely
unique in the boreal forest. Mammal diversity is inherently higher in the
riparian zone due to the presence of aquatic-dependent species such as beaver,
muskrat and otter. In contrast, there are no data to suggest that upland
residuals support mammal species that riparian residuals of similar size and
connectivity do not. The processes that occur in the aquatic zone of riparian
areas – such as insect emergence, DWM transport and deposition, fish
production, nutrient fluxes, aquatic vegetation production, stochastic flooding,
seasonal water level fluctuations, and disturbance buffering – all support
terrestrial mammal species in ways completely unique from upland residuals.
The linear nature of the terrestrial zone of riparian areas leads to increased
connectivity in the landscape, whereas upland residuals are often scattered
and isolated. The conclusion drawn from review of the scientific literature and
extrapolation based on available data is that riparian residuals should be
maintained at the stand and landscape level after harvest. The width of these
residuals, in relation to microtopography and merchantable tree distribution,
should be a research priority in the boreal forest.
MANAGEMENT IMPLICATIONS
Mammalian Responses to Regenerating Areas
Stand-Level Structure
In the first years following harvest, the abundance of mice, voles, shrews, red
squirrels, flying squirrels, hares, bats, mustelids, canids, and caribou all
decrease. This is primarily due to the elimination of the canopy and
subcanopy, which provide escape cover, thermal cover, forage, denning, and
roosting sites. The small mammal decline is also largely due to reduction in
moisture and thermal cover, a result of the removal of downed woody
material (DWM), and the herb and shrub layers.

The best stand-level
management strategy for
maintaining mammalian
diversity is leaving structure:

The effects of decreasing canopy are cumulative as one moves up the trophic
pyramid. As small mammal, arboreal mammal, and hare abundance decreases
in response to the altered vegetation conditions, this reduction in the small
mammal prey base compounds with lack of canopy (escape) cover for their
predators, making these sites highly unsuitable for mesocarnivores, felids, and
canids. Moose, white-tailed deer, black-tailed deer, and elk could respond
favourably to the increase in young successional browse in young cuts.
However, these ungulates are also negatively impacted from lack of cover
afforded in open cutblocks.
There are two routes (among several others) that a harvest management
strategy for maintaining mammalian diversity could take: 1) mimicking
natural disturbance (usually burns), and 2) managing for rapid convergence to
pre-disturbance states. The differences between harvested and burned stands
have been highlighted throughout the Mammalian responses to regenerating
areas section. In most cases, mammalian occupation of burned stands has
been retarded in comparison with harvested stands. This is qualified with the
reminder that most studies of burned areas have overlooked the importance of
skips and in-burn live residuals; the characteristics of the studied burns have
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rarely been explicitly quantified nor their effects examined. This remains as a
large data gap to be filled. The natural disturbance paradigm – mimicking
burned conditions in cutblocks – may be a sound management strategy, but
the different spatial characteristics of fires and their effects on mammalian
abundance need extensive study before this is proved a reliable method for
maintaining mammalian diversity.
The second approach is to maximise the rate of convergence to predisturbance states. The following implications and recommendations are
geared toward this purpose, with the assumption that the goal is to establish
the closest approximation to a pre-harvest mammalian community within a
stand before the next rotation.
The best stand-level management strategy for mitigating the effects of forest
harvesting on mammalian populations is to 1) leave moderate amounts of
downed woody material on the cutblock without burning; 2) leave a large
percentage of live trees as clumped residuals within cutblocks; 3) keep large
standing dead trees within these clumps; and 4) create small well dispersed
cutovers.

1) Leaving some downed wood
material.

2) Leaving live residual trees.

Downed woody material is consistently critical in facilitating the occupation
of stands by mice, voles, and shrews. DWM provides escape cover and den
sites. It also creates the hydric shaded microsite conditions required for the
regeneration of trees, shrubs, and lichen, all of which are required for site
occupation by other mammal species.
Leaving live residual trees on the cutover is the most critical element in
promoting mammal re-occupation post-harvest. For small mammals live
residuals are sites of DWM infusion, necessary for cover and denning. For
arboreal mammals they are the only foraging, denning, and roosting sites
available in a stand post-harvest. Without live residuals these species are
likely lost from the harvested stand and will not return until 50 or more years
post-harvest; with a high rotation rate these species may be lost from managed
stands in perpetuity. For mesocarnivores, residuals are sources of prey and
cover. For ungulates residuals provide seed or sucker sources for rapid young
seral stage forage regeneration; ungulates also use residuals for escape cover.
The edges of live residuals are important in providing juxtaposition between
these two complementary habitat types – open areas where browse vegetation
is regenerating, and closed areas where cover is readily available. In the
winter, the residual canopy provides thermal cover and impedes snow
accumulation; often residuals are the only areas occupied by larger mammals
in winter. Although any residuals – whether clumped or scattered – are better
than leaving no residuals on a cutblock, the dispersion of residuals on the
cutblock does influence mammalian abundance.
Based on those few studies that address the efficacy of clumped or scattered
residuals, and on extrapolation of evidence pieced together during the course
of this review, clumped residuals have been found to be more effective in
maintaining and promoting mammal diversity and abundance post-harvest
(and post-fire) than scattered residuals. Scattered live residuals blow down
much more frequently. Those that remain standing provide few of the forest
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interior conditions that foster mammal occupation. Small mammals, arboreal
mammals, hares, mesocarnivores, and ungulates are found in greater
abundance in stands with clumped residuals than in stands with scattered
residuals. However, the optimal percentage of clumped live residuals left on a
stand is difficult to ascertain. Studies typically focus on one species at a time
rather than on communities. They do not assess a gradient of residual leave,
but compare only discrete figures. Research explicitly assessing the threshold
level of residuals needed to mitigate effects of cutting on mammals has never
been performed. This is recommended as a priority for adaptive management
research. Nonetheless, the overall trend from the reviewed studies is quite
clear: the greater the amount of live residuals left on the block, the greater the
abundance of a mammal species on the block, and hence the greater the
diversity. Ecological processes, such as competition, predation, faecal
deposition, browsing, and grazing, all converge toward pre-harvest states
much more rapidly with greater percentages of clumped live residual trees.
Despite the lack of a firm figure for residual leave in the literature, the
assembled evidence clearly indicates that the percentage of residuals required
to maintain ecosystem function from the mammalian perspective is beyond
the <2-5% currently employed in standard management prescriptions in
Alberta, by an order of magnitude. Residual leave should increase as a
function of cutblock size, with proportionally more area left as live residuals
on larger cutblocks.

3) Leaving standing dead
wood.

4) Keeping cutblocks small.

The importance of standing dead wood was also a reiterated throughout the
literature, though this structural feature was poorly studied in a rigorous sense.
Arboreal mammals, particularly flying squirrels and bats, make use of these
for roosting and denning sites. As these are the species most likely to be lost
from a site post-harvest, the importance of these trees in maintaining diversity
is apparent. These ‘legacies’ are best kept in proximity to standing live
residuals, within a clump. Adjacency of live and dead wood helps provide
connectivity between complementary resources and also prevents premature
windthrow of snags.
The last primary management implication obtained from this review is that
smaller disturbances have higher mammal abundance and diversity and
experience less disruption of ecological processes. Small mammals are not as
influenced by distance to cutblock edge as other mammals, but arboreal
mammals were not known to move far from tree cover and generally were
absent from large cutovers. Close proximity to edge was noted in studies of
marten, fox, bear, and other carnivores, as well as moose, elk, and deer. There
was an inverse relationship between edge-to-edge distance in cutovers and
ungulate abundance in many studies. Large cutovers without residual clumps
to provide proximate cover had few ungulates. In these stands, it is not until
regenerating trees grow enough to provide cover – between 10 and 30 years
depending on the stand type – that deer make extensive use of them. Of
course, the use of large clumped live residual trees within large cutovers
helped ameliorate the negative effects of large disturbances, providing both
in-stand habitat and connectivity.
Comparing burns with live residuals to cutblocks with live residuals is
difficult, as the literature on less severe burns, with many live residuals and
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less DWM, is quite sparse. However, based on available data, these lightly
burned stands with many residuals are the most conducive to mammalian
recolonisation and would converge the most quickly toward pre-harvest
states. Although the impetus in forestry of late has been to mimic fires, this
review has shown that with the exception of mice and voles, medium to large,
severe fires that leave no clumped live residuals are also poor sites for
mammal recolonisation. In fact, these fires can be worse than cutovers.
Lichens and succulent browse is burned away and slow to regenerate.
Standing dead wood left behind turns to large DWM within a few years,
impeding ungulate movement and hence access to forage within the burn. In
large fires, edge-to-edge distance is considerable. Without clumped live
residuals, mammal diversity in these sites is quite low until the organisation
and aggradation stages of succession. Mimicking natural disturbance is a good
paradigm to follow, where the disturbances mimicked are small disturbances
with clumped live residuals and in-stand structure.
Landscape-Level Structure
Mammal diversity within a
stand is highly influenced by
processes occurring outside of
the stand, in the surrounding
landscape.

Disturbed patches offering the
juxtaposition of prey and cover
are generally selected for.

Landscape directly influences
recolonisation and
successional processes
occurring within the cutblock.

Although the focus of this document is at the stand level, during the course of
this review it has become quite evident that mammal diversity within a stand
is highly influenced by processes occurring outside of the stand, in the
surrounding landscape. This is especially true of (but not limited to) larger,
vagile mammals with large home ranges and complex habitat requirements.
Marten, fisher, fox, wolves, lynx, and bears all use large areas, exploiting
several different patch types to survive. Creating disturbed patches, whether
by fire or harvest, can result in the animal selecting for these habitats or
selecting against them.
Disturbed patches offering the juxtaposition of prey and cover are generally
selected for. These areas, if productive, can serve as sources for other patches
in the landscape. However even if the cutover has available forage, cover, and
other habitat requirements, it may not be occupied due to its location in the
landscape; it may lack connectivity to a source of recolonisers. Alternatively
the cutblock may have high connectivity to areas where predation is high, and
adjacency effects would then inflate mortality rates of animals from that
cutblock. In other cases, the block may simply be situated too close to other
cutblocks, leaving the entire area fragmented and making it unsuitable for
occupation. For instance, marten in Maine are absent from areas with more
than 25% of the area harvested (Hargis et al. 1999).
Conversely if a disturbance is selected against, animals may nonetheless have
little choice but to include disturbed areas within their own home range if
available space is limited. If the cutblock has poor forage, poor cover, high
predation potential, or other detrimental characteristics, survivorship would
thus be threatened even if some resources are available to the animal adjacent
to the cutover. In these instances, the landscape directly influences
recolonisation and successional processes occurring within the cutblock.
While the landscape influences what occurs in the cutblock, the ecology of the
cutblock also influences the surrounding landscape. If a cutblock consists of
suboptimal habitat (for reasons mentioned above), when colonised it is
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The spatial dispersion of
cutblocks is critical.

An area proposed to be
harvested cannot be
‘sacrificed’ with the
justification that other suitable
habitat remains in the
landscape.

usually by juvenile or subadult segments of the demographic. These rarely
successfully breed and are typically more prone to predation or other
mortality. These areas thus become ‘sinks’ for other more productive habitats,
lowering that species’ abundance on the entire landscape (Pulliam 1988). The
spatial dispersion of cutblocks is also critical. If the cutblock has large edgeto-edge distances without clumped live residuals, mammals may not cross it;
sufficiently large cutovers or cutovers aggregated in space can disrupt
connectivity and prevent animals from accessing good habitats in other areas
of the landscape.
These few examples show that an area proposed to be harvested cannot be
‘sacrificed’ with the justification that other suitable habitat remains in the
landscape. Patch size, patch dispersion, juxtaposition of patch types, and edge
density are all important factors affecting abundance and dispersal, and a
stand cannot be considered a unit unto itself. Unfortunately, few studies have
empirically addressed landscape planning parameters for mammalian species,
with the exception of marten. No prescriptive information exists. Given the
importance of landscape structure to mammalian abundance and diversity that
has been reiterated throughout the literature, the management implication
generated from this review is that more landscape research needs to be done
to find these prescriptions, especially on mid-size and large carnivores.
MANAGEMENT IMPLICATIONS
Mammalian Responses to Regenerating Edges
Edge habitat between newly disturbed stands and remnant mature or
overmature forest have little negative impact on mammalian diversity.
Although abundance indices of some species did respond to edges through
successional time, no studies found any mammalian species absent from
edges. In all papers reviewed, only marten showed a pronounced negative
response to edge. This response was at the landscape, not the stand, scale,
indicating that increased edge was merely a surrogate for increasing
fragmentation, not the edge habitat itself. At the stand level, marten neither
selected for or against edge. Moose, deer, and elk selected for harvest and
burn edges. The edges of large clumped residuals within harvested stands
were found to be particularly important for moose occupation of that stand.
For deer, edges were selected in habitats where cutblocks were large with
little residual cover; in areas where disturbances were small, there was no
effect of edge. As stands age to 10-25 years, the predation rate of passerine
bird eggs at edges increased from younger edges, indicating a greater
abundance of predators there. Ungulates still preferred edges to regenerating
areas, as they provided adjacency between escape cover and young browse.
Beyond 25 years, there was little apparent effect of disturbance/forest edge.
The management implication outlined in the previous section – implementing
small to medium cutblocks with large percentages of clumped live residuals –
has the side effect of creating more edge than large open clearcuts. The
studies reviewed herein suggest that edges, in themselves, do not adversely
impact upon mammalian abundance; nor is there substantial evidence that
edges increase abundance except in the case of ungulates. Therefore while
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edges should not be purposefully created for inflating ungulate populations
(Alverson et al. 1988), the benefits of having small dispersed cuts with edge
within them outweighs the side effect of edge creation – from a mammalian
standpoint.
Mammalian Responses to Riparian Areas
The body of literature devoted to the mammalian response to riparian
residuals is unfortunately small. However, there have been several studies
highlighting mammals’ use of riparian areas in comparison with upland areas.
In no studies reviewed were riparian areas selected against. In some studies,
they were not selected in some seasons, but selected in others. In most studies,
riparian areas were strongly selected – this applies to all mammalian species
studied.

Riparian areas provide
disturbed, early successional
streamside areas in
conjunction with less
frequently disturbed, older
stream-remote forests that
have escaped upland fires.

Riparian areas have a unique mammal assemblage - aquatic species are found
there but not in upland areas. Riparian areas provide disturbed, early
successional streamside areas in conjunction with less frequently disturbed,
older stream-remote forests that have escaped upland fires. The close
proximity of diverse terrestrial cover to unique aquatic foraging opportunities
(such as aquatic insects for bats and aquatic vegetation for moose) provides
for an ecological complexity absent from terrestrial systems. Few studies
comparing upland residuals with riparian residuals exist; those that do show a
significant preference for riparian residuals by the breeding component of
mammal populations. More research is required on their role and on their
minimum effective widths, but based on available data, riparian residuals are
critical components of post-disturbance habitat and should be maintained in a
harvest strategy.
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• low abundance in early part of
this successional stage
• negative correlation with
abundance of young (nonmasting) trees
• abundance likely to increase
throughout this stage as trees age

• rare; recolonisers young and
non-breeding, indicating a
population sink
• breeding squirrels present if
residuals present – old trees
act as den/ roost/ food sources
• lack of data for bats

POST-FIRE
ARBOREAL
MAMMALS

• abundance not significantly
different than in burned stands
• red-backed voles more
abundant (and dominant) than in
younger clearcuts

• overall increase in small
mammal abundance
• red-backed voles begin to
dominate community
• shrews less abundant than in
younger cuts

• considerable site-site
variability in response
• evidence for overall increase in
abundance
• dominance shift from redbacked voles to deer mice and
meadow voles
• recolonisation rate increases
with increasing amount of DWM
• possible increase in shrew
abundance; more data required
• rare or absent
• species require live and
standing dead trees for food
(seeds/lichens), denning
(cavities), and roosts (bats)
• live and dead residuals provide
these characteristics and promote
recolonisation

POSTHARVEST
SMALL
MAMMALS

AGGRADATION
26 – 75 yrs
• canopy closure reduces herb
and shrub cover
• abundance of all voles and
mice are reduced compared to
other stages
• some site-site variability in
shrew response exists
• shrews less abundant in some
sites and more abundant in
others

ESTABLISHMENT
11 – 25 yrs
• increasing shrub and grass
cover leads to increase in
small mammal abundance
• start of dominance shift from
meadow voles and deer mice
to red-backed voles
• red-backed voles still
reduced relative to older seres
• no data available for shrews

INITIATION
0 – 10 yrs
• disturbance produces a shift in
species dominance from redbacked voles to meadow voles
and deer mice
• overall increase in abundance
in small mammal community
• no known effects on shrews

• highest abundance of red
squirrels, flying squirrels, and
bats occurs in these stands
• mast, lichen and fungal food
sources are abundant
• nest and roost sites are
abundant

MATURE – OLD GROWTH
76 – 125+ yrs
• canopy heterogeneity, DWM,
snags, and shrubs in gaps
provide key habitat requirements
• dominance shifted completely
from deer mice and meadow
voles to red-backed voles
• red-backed voles more
abundant than at any other stage
• deer mice present but
abundance is much reduced
• shrews more abundant than at
any other stage
• no evidence to suggest
differences in response to burned
and harvested stands at this stage

Key findings of mammalian response to forest harvesting and forest fire in Alberta boreal forests. Data gaps have been highlighted in red.

SPECIES
GROUP
POST-FIRE
SMALL
MAMMALS

APPENDIX 10.1
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• rare or absent
• lack of dense understorey
cover
• recolonisation rate dependent
on regeneration rate of shrub
cover

• low abundance of marten
relative to older stands
• high proportion of juveniles
suggest a population sink
• other species unknown

POSTHARVEST
HARES

POST-FIRE
MUSTELIDS

10-70

• hare abundance greater in
this sere than in younger,
older, and uncut stands
• high abundance of browse
and escape cover
• response varies with stand
type – aspen stands may lack
hares at this stage
• hare abundance greater in
this sere than in younger,
older, and uncut stands
• high abundance of browse
and escape cover
• aspen stands have fewer
hares than coniferous stands
• data absent
• reduced abundance expected
based on lack of overstorey
cover
• residuals likely to promote
recolonisation

• rare or absent
• lack of dense understorey
shrub cover >1m high

POST-FIRE
HARES
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• red squirrels less abundant
than in older stands
• food and den sites rare
• live residuals likely to
increase abundance
• no data for other species

• rare or absent
• cuts sometimes used by red
squirrels as complementary
habitat if food sources remain
• as with burns, recolonisation is
enhanced by live residuals and
standing dead trees

POSTHARVEST
ARBOREAL
MAMMALS

• marten less abundant than in
younger stands due to instability
of prey base
• other species unknown

• hare abundance still greater
than older stands but declines as
stand ages, canopy closes, and
understorey cover decreases

• low squirrel abundance in early
part of this stage
• abundance increases as stands
age and trees produce seed
• live overmature residuals will
provide roost sites for bats and
den sites for squirrels
• high tree stem density may
impede bat occupation but no
data exists to support this
• hare abundance still greater
than older stands but declines as
stand ages and canopy closes

• highest abundance of marten in
older stands
• reproductive success highest
• survivorship highest
• foraging rates highest
•data for other species absent,
though fisher are recognized as
old-growth species

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• hare abundance low compared
with younger stands
• food available, but adequate
shrub cover is lacking

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

MAMMALS

• fire destroys the lichen mat;
lack of this key food source
makes occupation rare or absent
• abundance of DWM post-burn
inhibits movement
• caribou absent from these sites
• vagility lessens likelihood of
impact at population level
• caribou avoid active harvesting
operations
• may return quickly post-cut if
the lichen mat is preserved
• lack of ground treatment,
presence of live residuals
promote recolonisation
• abundance of DWM impedes
occupation
• very abundant starting one
year post-fire
• will shift home ranges to
encompass burns
• young seral stage vegetation
provides extensive forage

POST-FIRE
CARIBOU
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POST-FIRE
MOOSE

POSTHARVEST
CARIBOU

• ermine make use of this sere
• other mustelids show
decreased abundance relative to
older and uncut stands
• occupied by marten juveniles
and transients, indicating a
population sink
• marten decrease is ameliorated
by large live residual patches

POSTHARVEST
MUSTELIDS

10-71

• less abundant than in
younger stands
• more abundant than in older
stands
• abundant early seral forage
and greater cover
• reproductive rates higher
than in older stands

• decreased abundance of
marten relative to older stands
• recolonising marten are
juveniles or adults with high
mortality, indicating a
population sink
• marten decrease is
ameliorated by large live
residual patches
• no data for other species
• few data available
• lack of DWM and
abundance of lichen will foster
recolonisation
• standing dead wood after
burn becomes DWM at this
stage – acts as barrier to
caribou occupation
• no data exist
• compared to burn, less
DWM (from burned downfall)
would increase likelihood of
caribou recolonisation in cuts

• moose abundance is decreased
in mature and old growth stands
as browse availability is low
• moose are present in old
growth stands where canopy
gaps provide young forage

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• no data available

• as canopy closes, less early
seral forage is available
• moose abundance declines
dramatically as stands age > 30
years
• reproductive success drops

• abundance of lichen makes
these stands highly suitable for
caribou
• caribou tend to be associated
with old growth stands

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• increasing lichen abundance
makes these stands more suitable
• caribou abundance and
foraging rates increased
compared to younger stands

• marten abundance much lower
than in uncut stands
• marten in these stands are
younger with higher mortality
rates than marten in older stands
• may be due to decreased prey
base
• no data for other species

MAMMALS

• may be more abundant than in
older stands
• large data gaps exist

• very abundant post-cut
• make use of early seral browse
• reproducing individuals more
likely to recolonise cuts with
clumped live residuals and small
edge-edge distances
• aspen suckers (elk) and young
seral vegetation provide forage
• all species use these stands
greater than available
• lack of escape cover moderates
this response
• excessive DWM impedes
movement in-block
• rate of browse regrowth is
determining factor of
recolonisation rate
• considerable site-site
variability in response
• rare or absent in large cuts
with high edge-edge distances
and no residuals
• if cuts are small and cover
available, deer make use of early
seral forage – abundance may be
increased over old stands
• very few data exist
• small mammal and ungulate
prey abundant
• circumstantial evidence
suggests use would occur if live
residual cover were present
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POSTHARVEST
CANIDS

POST-FIRE
CANIDS

POSTHARVEST
DEER AND
ELK

POST-FIRE
DEER AND
ELK

POSTHARVEST
MOOSE

• no data available

• no data available

• wolves abundant but not
significantly more than younger
stands
• fox more abundant in the early
stages of this sere than in mature
and old growth stands
• large data gaps exist
• fox abundance increases
compared to uncut stands
• no data for wolves

• no data available
• crown closure may reduce
early seral forage, but provide
escape cover

• no data available

• wolves abundant but not
significantly more than older
stands
• no data available for foxes
• large data gaps exist

10-72

• fox abundance greater than
in younger stands (likely due
to increased hare abundance)
• abundance is greater than in
uncut stands
• no data for wolves

• these stands used more than
expected based on availability
• data are scarce

• less abundant than in
younger stands
• more abundant than in older
stands

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• red fox are less abundant than
in younger (30 year)stands
• prey less abundant in these
stands than in younger stands
• no data for wolves

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• black-tailed deer use unevenaged overmature stands much
more than younger stands
• no data exist for other species

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

MAMMALS

• abundance not different from
older stands
• reproductive rate and cub
survivorship greater than in
older stands
• combination of cover and
forage beneficial to bear
occupation
• no data exist

• no data exist
• may make use of young seral
stage vegetation

• no data exist

POST-FIRE
BEARS

POSTHARVEST
BEARS

10-73

• more abundant in 2-30 year
stands than in younger, older,
and uncut stands
• correlates with very high
abundance of prey (hares)

• rare or absent
• few data available

POSTHARVEST
LYNX
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• no data exist

• no data exist

POST-FIRE
LYNX

• lynx select for stands of this
age
• relatively high abundance of
hares provides prey base
• more abundant in 2-30 year
stands than in younger, older,
and uncut stands
• abundance decreases as stands
age, in conjunction with hare
decline
• abundance not different from
younger stands
• reproductive rate and cub
survivorship less than in older
stands
• habitat quality likely declining
with reduction in early seral
vegetation
• no data exist
• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• no data exist

• no evidence to suggest
differences in response to burned
and harvested stands at this stage

• lynx rarely found in old growth
stands
• low abundance of prey (hares)

MAMMALS

• marten do not select or avoid
forest/cutblock edges
• on a landscape level,
increasing edge leads to
decreasing marten abundance
• other species likely follow
similar response but data are
unavailable
• no data available
• moose select for both
forest/cutblock and burned edges
• residual edges facilitate use of
cutblocks
• considerable site-site
variability in response
• deer remain close to edges on

INITIATION
0 – 10 yrs
• considerable site-site
variability in response
• overall evidence for increase in
abundance
• red-backed voles not common
• no edge effect on shrews
• no evidence for selection or
avoidance of edge by red
squirrels
• no evidence for increase of
predation on bird nests by red
squirrels
• bats exhibit greater foraging
activity at forest/cutblock edges
than in interiors of either
• no data for flying squirrels
• no data available

• no effect of edge on blacktailed deer
• no data available for other

• no data available

10-74

• no data available
• no data available

• no data available
• no data available

• no data available

• no data available

• no data available
• moose prefer edges
• residual edge facilitates
moose’ use of cutblocks more
than cutblock edge
• no data available

• no data available

• no data available

• no data available

• no data available

• no data available

• no data available
• nest predation by red
squirrels greater than at
younger edges

MATURE – OLD GROWTH
76 – 125+ yrs
• no effect of edge on redbacked voles
• no data available for other
species

• no effect of edge on marten
• nest predation by fisher
greater than at younger edges
• no data available for other
species

AGGRADATION
26 – 75 yrs
• no data available

ESTABLISHMENT
11 – 25 yrs
• likely no effect of edge but
data are rare

Key findings of mammalian response to forest edges in Alberta boreal forests. Data gaps have been highlighted in red.
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MAMMALS

large cuts without residuals
• less effect of edge on smaller
cutblocks
• juxtaposition of young forage
and escape cover beneficial to
deer
• no effect of edges on foxes
• no data for wolves
• no data available
• no data available
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LYNX
BEARS

CANIDS

DEER AND
ELK

• no data available
• no data available

• no data available
• no data available
• nest predation by bears
greater than at younger edges

10-75

• no data available

• no data available
• no data available
• no data available

• no data available

species

MAMMALS

MANAGEMENT FOR SOCIAL PERCEPTIONS

CHAPTER 11: MANAGEMENT FOR SOCIAL PERCEPTIONS OF
CHANGING HARVESTING PRACTICES IN THE WESTERN
BOREAL FOREST
Samantha J. Song

WHY MANAGE FOR SOCIAL PERCEPTIONS OF HARVESTING
PRACTICES?
Forestry has been a
historically visible practice to
the public.

Management of social
perceptions is a fundamental
component of ecosystem
management.

Advantages to understanding
social perceptions for forest
managers.
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Forestry has historically been subject to influence by public perceptions
because logging is such a visible practice that covers extensive areas and
results in a dramatic change to the landscape. The public can quickly form
judgements about forest practices merely by driving down the road or flying
over a landscape. Large scale, industrial logging has fuelled intensive
campaigning by environmental groups for decades (e.g. Wilson 1998) and
often the heart of the controversy is the clearcut harvesting technique. The
clearcut generally presents a strong negative image, that is not only perceived
as "ugly" but has also come to symbolize a host of negative traits including a
lack of respect for nature, destruction of biodiversity and ecological integrity,
corporate control, and lack of public participation in land use decisions
(Howard 1999, Bliss 2000).
Societal pressure, driven by environmental campaigns, and coupled with the
results of ecological research, has compelled a re-examination of harvesting
practices. The evolution and wide-scale adoption of concepts such as
ecosystem management (Grumbine 1994) and ecosystem-based management
(Scientific Panel for Sustainable Forest Practices in Clayoquot Sound 1995)
are a product of concern by civil society over the ecological impacts of
resource management, with forestry as the historical focus. Specifically,
Grumbine (1994:31) states: "Ecosystem management integrates scientific
knowledge of ecological relationships within a complex sociopolitical and
values framework toward the general goal of protecting native ecosystem
integrity over the long term." Management of social perceptions, then, is a
fundamental component of these management systems, and does not operate
in isolation from ecological or economic concerns.
Bengston (1994) summarises the advantages of understanding societal values,
ethics and attitudes for forest managers: (1) to define attainable goals within
an ecosystem management framework, (2) to provide insight into conflicts
over forest management practices and (3) to predict societal response to
practices. Brunson and Reiter (1996) also point out that there are economic
advantages to managing for alternative values such aesthetics as it allows for
diversification of local economies, particularly for communities who benefit
from intact forests through recreation and non-timber forest products.

11-1

MANAGEMENT FOR SOCIAL PERCEPTIONS

Perceptions are often divided
into an aesthetic response
linked to ideas of beauty and a
response linked to acceptability
for other values (social,
ecological, etc.).

Within the realm of public perception, there are both visual, aesthetic
perception linked to concepts of beauty and the perception of acceptability
based on ecological or other values. Managing for social values can be
categorised by considering public involvement: the "disinterested" public for
whom aesthetic values around forest practices are of primary importance and
the "interested" public, who considers forestry practices from a more
"cognitive" perspective that may involve a range of values, ecological or
otherwise (Bliss 2000). Similarly, Gobster (1995) contrasts the "scenic"
aesthetic, where preferences are for "landscape painting" styles of safe,
predictable scenes, with the "ecological" aesthetic, where ecological values
are not separated from scenic beauty. In neither case are these two categories
completely distinct and as will be discussed later, can influence one another.
In this chapter, I review the literature around perceptions of harvest practices
and use this as a basis for predicting social response to implementation of
harvest practices based on a natural disturbance template. In doing so, I also
review a range of factors that influence our perceptions, including ecological
information, and explore ideas around how forest managers can interact with
the public to improve perceptions and attitudes about harvesting practices.
Much of the research reviewed is produced from US studies, where the shift
to New Forestry introduced ecologically-based practices and where there has
been a longer history of both large-scale forestry and public response to it.
This chapter does not explore perceptions by aboriginal peoples; this large
and important field could not be given the thorough treatment it justifies here.
(For an introduction to some perceptions by aboriginal peoples, please see
Jostad et al. 1996, McCorquodale et al. 1997, Robinson & Ross 1997).
WHAT TYPES OF HARVEST PRACTICES DO WE TEND TO
PREFER? And How are we Likely to Respond to Harvest Practices
Based on Natural Disturbance Principles?

Harvesting practices are a
concern for Albertans.

ALBERTA RESEARCH COUNCIL

Although according to a survey commissioned by the Alberta Forest Products
Industry, many Albertans (59%) believe that the province's forest products
industry operates in an environmentally-responsible manner and has
committed to becoming more environmentally responsible (75%), when
considering the negative impacts of forestry, clearcutting remains the number
one concern (Figure 11.1) (Criterion Research Corp 1999). Albertans who
have seen logging practices tend to have a more negative view of the forest
industry. For many people who view logging in their recreational areas, their
attitude towards forestry also becomes more negative (44%). More broadly,
the Senate Sub-committee on Boreal Forest documented widespread concern
about clearcutting practices in boreal forests across Canada (Taylor & Spivak
1999).
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Figure 11.1 The perceived negative effect of the forest products industry in
Alberta, as defined by respondents. Harvest practices figure prominently in the
perceptions of Albertans. Based on data reported in Criterion Research Corp. (1999).

The public generally tends to
prefer “natural” landscapes.

“Natural” landscapes are also
preferred in Alberta studies.

Burned forests are natural but
less preferred than intact
forests. How does this relate to
a natural disturbance model
for harvest?

ALBERTA RESEARCH COUNCIL

Across most aspects of society, the public tends to prefer landscape scenes
that appear more natural. Therefore any evidence of development or human
intervention will tend to decrease the preference for that landscape, and
similarly, decreasing amounts of alteration are correlated with increasing
preference (Kaplan & Kaplan 1989, Ribe 1989, Brunson and Reiter 1996, BC
Ministry of Forests 1997, Rosenberger & Smith 1998, Ribe 1999).
Preference studies conducted in southern East Slopes of Alberta have
examined a range of human activities that have altered Alberta's natural
landscape, including forestry, oil and gas exploration and extraction, mining,
powerline corridors and a variety of travel corridors (roads, etc.; Alberta
Environment 2000). Here again, the general preference towards natural,
untouched landscapes was demonstrated. Natural scenes of mountain vistas,
forested slopes and presence of water were most highly preferred, particularly
over landscapes with signs of human intervention. However, for scenes with
human activity, there were preferences for activity that was least visible.
Accordingly, forestry activity, being highly visible, was far less preferred than
the sight of well sites, roads and linear corridors.
A natural disturbance model for forestry practices suggests movement away
from a traditional 2- or 3-pass clearcut harvesting pattern and towards patterns
found after large-scale disturbance such as fire. Research on aesthetics shows
that the natural phenomenon of fire is less preferred than intact, unburned
areas (Ribe 1989, Brunson & Reiter 1996); therefore practices emulating the
action of fire might be expected to have lower preference rankings. However,
the effect of fire on preference, as with harvesting, will be affected by the
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magnitude and severity of the disturbance and the time to recover
(Rosenberger & Smith 1993). Longer term effects of fire may be positive,
particularly if it yields a naturally structured forest. What is more at issue
though, is whether public preference would be higher than traditional
harvesting. Rosenberger & Smith (1993) emphasise that clearcutting practices
will have a greater impact on aesthetic values in the short term. Fire is still
viewed as a natural phenomenon and as such, unpredictable and difficult to
anticipate control. These qualities mean alterations of forests by fire are more
likely to be socially acceptable than the ‘deliberate’ efforts of logging
(Brunson 1993).
In a natural disturbance
model, some stand-level
practices will shift from
traditional approaches.

Increasing landscape
modification and increasing
visibility of harvesting result in
decreasing preference for a
harvesting practice.

Even very low levels of
alteration can be detected.

For live residual trees,
aggregated clumps are
preferred over dispersed single
trees.

ALBERTA RESEARCH COUNCIL

At the stand level, some practices resulting from a natural disturbance model
would likely differ from traditional approaches, particularly: (1) retention of
live residual trees on the cutblocks, from low percentages of retention to
partial cutting, group selection or shelterwood techniques, (2) cutblock
boundaries that follow natural stand boundaries (more curvilinear), (3) larger
cutblocks, and (3) logging within riparian reserve buffers. Studies that have
focused on individual practices may give some insight into overall response to
changing practices.
Research in BC showed that the more modified a landscape became and the
more visible the effect of harvesting, the lower the preference for that activity
(BC Ministry of Forests 1997). By categorising levels of harvesting by the
amount of landscape alteration, partial cutting was preferred over clearcutting
when both types of harvesting were classified under the visual quality indices
of Partial Retention (alterations are evident but not dominant) and
Modification (alteration is dominant but has natural appearing characteristics).
When harvest levels were low and thus difficult to discern on the landscape,
i.e., those categorised under Retention (human-caused alterations are visible
but not evident), clearcuts and partial cuts were equally preferred. When
harvest levels were very high, clearcuts were actually preferred. Here, the few
remaining trees on the landbase were deemed "out of place". Unfortunately,
actual amounts of retention were not defined in the BC study. Reviews of US
preference studies by Ribe (1989), Bradley (1996), Rosenberger & Smith
(1998) confirm the general rule that the more trees removed from a block, the
less aesthetically-pleasing the block will be. However, partial cuts at low
levels of retention may not have a strong aesthetic advantage over clearcuts.
In the Pacific Northwest, at retention levels of 15%, partial cuts were not
judged more scenically beautiful than clearcuts (Ribe 1999). There may be a
threshold below which retained trees do not ameliorate aesthetic impacts.
At the other end of the spectrum, even cuts as low as 5, 4, 3, 2, and even 1%
were detectable by viewers (Palmer et al. 1993). Scenic value of stands
decreased as the amount of cut increased even at this low level of activity.
Here, managing for aesthetics could result in harvesting scenario requiring
multiple entries and an ecologically-undesirable fragmented landscape.
Configuration of retained trees within partial cuts does have an effect on
preference. Cutblocks with aggregated clumps of trees are rated to be more
beautiful than dispersed retention pattern (Ribe 1999) (Again, tested at the
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15% level of retention). The higher level of continuous canopy cover is likely
evocative of a more natural scene.
Curvilinear cutblock
boundaries are preferred over
rectilinear ones.

Smaller clearcuts are preferred
over larger clearcuts.

Harvesting in riparian areas
decreases preference for those
areas.

Older forests with large trees
are preferred.

ALBERTA RESEARCH COUNCIL

Within the southern East Slopes of Alberta study, cutblocks were more
favourably viewed when they had curvilinear boundaries (Alberta
Environment 2000). They were likely perceived as more "natural" than
rectilinear boundaries of traditional cutblocks that emphasise evidence of
human intervention in nature. Any treatment of cutblock edges that made
them appear more natural, such as feathering edges, would be expected to
increase their aesthetic appearance. Combining these practices with other
preferred practices, such as partial cutting could also increase preference,
although these hypotheses need to be empirically tested.
Smaller clearcuts tend to be preferred over larger clearcuts (Palmer et al.
1993) although this effect may be tempered by amounts of retained structure
(Sheppard & Picard 2000). Although a landscape level issue, clearcuts that
were scattered across the landscape were viewed as more scenic than those
landscapes with concentrated blocks. Large cutblocks seems to be a
particularly strong trigger for public outcry, having been used as a rallying
point in Ontario recently (Wildlands League 2001).
Response to human activity in riparian areas has received most attention in
the literature on recreation issues. For the recreationalist, the expectation for
the type of recreation mediates the response to human activity. For example,
ATV users tend to be more pro-development than hikers or canoers (Jackson
1987). But generally, there is a strong preference for natural waterbodies.
People are likely to have a lower quality of experience if logging occurs in
recreation areas (Hoover et al. 1985, Matlock & Thompson 1996). Further,
our response to water is so fundamental, we are likely to react negatively to
any logging activity near water (Kaplan & Kaplan 1989, Kearney 2001). The
combination land, water, vegetation and wildlife values associated with
riparian areas provokes a powerful aesthetic response (Hoover et al. 1985).
Logging activity near water is often closely linked with negatively affecting
water quality and quantity. Within the Northern River Basins Studies, logging
was listed fourth in a list of factors affecting water quality and quantity in the
Athabasca, Slave and Peace River Basins (Matlock & Thompson 1996). If
logging in riparian areas is prescribed under a natural disturbance regime and
the public are aware of the activity, it could potentially provoke a strong
negative response. Buffer strips employed to separate logging from riparian
areas need to be sufficiently wide that harvesting is not easily viewed
(Bradley 1996).
Other qualities that can affect preference for a forest stands tend to focus on
characteristics attributable to seral stage. For example, larger trees are
preferred over smaller trees; in fact, Ribe (1989) evocatively describes the
powerful effect of large trees on our sense of aesthetic when he describes our
"affection" for larger trees. Similarly, densely-stocked stands and very
"shrubby" stands such as those at young seral stages are less preferred than
moderately-stocked stands (Ribe 1989, Rosenberger & Smith 1998).
However, response to density is linked to response to tree size. The effect of
understorey can be variable, mostly depending on stand age and whether
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stands are even or uneven aged (Ribe 1989, Rosenberger & Smith 1998). In
some stands, an open understorey, with low ground plants and little presence
of tall shrubs is preferred, particularly in western coastal forests. In other
areas, there is a preference for some shrub understorey and in still others,
there is no preference.
Species composition can also affect preference with high diversity stands
being perceived as more natural and less like a plantation (Ribe 1989,
Rosenberger & Smith 1998). Similarly, naturally-regenerated stands are
preferred, with irregularly spaced trees, over stands that are regenerated in
rows or other artificial configurations as are found in many plantations (Ribe
1989).
Residual material such as
stumps and downed woody
material have a negative effect
on preference.

Position of the observer affects
preference.

Any inblock practices that appear unnatural are likely to decrease scenic
beauty. Stumps, downed woody material and bare soil caused by logging
activity may decrease the aesthetics of a block; however, for stands with rapid
regeneration this is likely to be a short term problem (Ribe 1989). Even for
stands without rapid regeneration, the effect of downed wood which has a
strong negative effect on scenic beauty can be mitigated by avoiding piling,
thus making it more obvious, and by either spreading pieces around, burning
or chipping (Rosenberger & Smith 1998, Alberta Environment 2000).

Finally, although this report focuses at the stand level, landscape context does
affect preference. Cutblocks that are (1) closer to the viewer rather than
further away, (2) more visible through positioning on a slope face or in a
valley bottom, and (3) experience slower rather than faster regeneration times
are less preferred by viewers (Bradley 1996, Alberta Environment 2000).
WHAT FACTORS INFLUENCE PERCEPTIONS AND WHY?
"I have concluded that only a forester or a wildlife biologist
can see the beauty and potential in a clearcut…"
Jack Ward Thomas 2001

Our preferences are influenced
by the way we perceive
ourselves interacting with the
landscape.

ALBERTA RESEARCH COUNCIL

Humans respond strongly to spatial elements in their viewscape. Our
perceptions about a scene are closely linked to personal preferences. Kaplan
and Kaplan (1989) use evolutionary theory to explain our preferences at a
more fundamental level. Elements that can be linked to survival tend to be
preferred across many cultures and levels of experience, and suggest an
adaptive purpose to our preferences. Thus our attraction to scenes with water
and wildlife. But our values and attitudes will also affect our perceptions of a
landscape. Kaplan and Kaplan (1989) suggest that when we view a landscape,
we tend to assess it based on how we would perceive ourselves functioning in
relation to that environment (Kaplan & Kaplan 1989). How we interpret the
way that we would use that space, influences whether or not we actually like
it or not. This is a useful concept to consider when predicting how people will
respond to harvesting practices and how this will vary across a population.

11-6

MANAGEMENT FOR SOCIAL PERCEPTIONS

Our particular set of values
will influence our preference
for a landscape.

Expectation of a particular
experience in the landscape
affects preference.

As an example, campers tend
to be sharply critical of current
forest management.

Forests represent a range of values that have been variously categorised as
ecological, aesthetic, economic, recreational, aboriginal, cultural, physical
health, emotional or spiritual health, among others. Across populations within
the public, different values held by individuals will drive expectations from
forests and thus perceptions of harvest practices. For example, although the
over-riding perception of clearcuts by the public is negative, if expectations
are geared toward characteristics held by the clearcut, it can be viewed more
positively for those aspects. Hunters may appreciate clearcuts for accessibility
to game and berry-pickers may benefit from higher berry yields in clearcuts
(Ribe 1989).
Expectations about a desired recreational experience can have a strong effect
on perceptions of harvesting practices. When viewing landscapes of particular
harvest practices, preference is affected by an individual's imaginings of their
interaction with that environment and how it would affect the quality of their
experience. Thus the same survey group, faced with a particular harvesting
scenario, will have a different response depending on whether they want, for
example, a scenic viewing, hiking or camping experience even though these
all fall into the category of recreation (Brunson & Shelby 1992, Bradshaw
1993). Here again, intact, old growth stands are preferred for all these
experiences. But high retention stands (patch cuts) can be acceptable for
hiking, particularly if a footpath is present and there is no evidence of activity
by motorised vehicles. Scenic viewing or wildlife viewing is likely more
sensitive to forestry activity, with a strong preference for the natural state;
while quality of camping experience is more related to the availability of a flat
tent site and offblock amenities such as access to water and possibility of
other recreation experiences (Brunson & Shelby 1992, Boxall & Macnab
2000).
Surveys of campers in Alberta, however, showed a harsh view of forest
management, with most viewing it as not sustainable (McFarlane & Boxall
1996). For example:
•
•
•

68.6 % agree with statement: "Typical examples of Alberta's forest
regions should be protected from resource development", and only 8.3%
disagreed;
44.6% disagreed and only 18.9% agreed with the statement: "Our forests
are being managed successfully to meet our present and future needs;
67.6% disagreed and only 13.2 agreed with the statement: "Forestry
practices generally produce no long term adverse effects on the
environment".

The range of values within society can also determine the types of pressures
on forest managers to manage for values other than timber. In North America,
for example, there has been an increasing trend to value non-timber values in
forests, such as recreation, spiritual and aesthetic experiences vs. commodityrelated benefits and values (Bengston et al. 1999, Schindler & Cramer 1999,
Thomas 2001). Determining these values will be important for the priority to
implement practices that ameliorate aesthetic effects such as roadside buffers
and partial cutting (Tindall 2000). Below, I explore other factors that influence
preference.
ALBERTA RESEARCH COUNCIL

11-7

MANAGEMENT FOR SOCIAL PERCEPTIONS

Cultural background will
affect viewer perceptions and
preferences.

On a broader scale, culture has a strong effect on societal perceptions and
attitudes. Kellert (1993) documents the differences in attitude to wildlife by
the major trade partners in the global economy (USA, Germany and Japan).
These countries also represent major markets for Canadian forest products
(Canadian Forestry Service 2001). Summarised generally, Germans have a
broad appreciation for wildlife and nature while Japanese prefer to enjoy
wildlife in "highly structured situations" (Kellert 1993). Japanese preference
was described for "an artificial, highly abstract, and symbolic rather than
realistic experience of animals and nature". Appreciation for nature exists but
only in safe and controlled circumstances. Americans are much more
heterogeneous, reflecting the diversity of the culture. There are seemingly
contradictory viewpoints: affectionate, humanistic and moralist views of
nature but also very pragmatic attitudes towards human demands from nature.
Based on these conclusions, Germans would be expected to have much
stronger concerns about woodland practices than Japanese customers. Indeed,
Germany's environmental movement is arguably older and stronger than that
in the US or particularly Japan (Dominick 1992).
Regional effects on preference also exist. Within the US, there are stronger
views about management on private property in the south than in the Pacific
Northwest (Bliss 2000), reflecting historical attitudes to private property
rights. Clearcutting is tolerated much more on private land than on public land
generally, but more so in the southern US (Bliss 2000).

Demographics can also have a
strong effect on preference.

Rural vs. urban attitudes.

ALBERTA RESEARCH COUNCIL

Within Kellert's (1993) study of cultures, younger and more educated had
stronger ecological awareness and concern for environmental issues related to
wildlife, except in Japan where they were the same as older people.
Demographic characteristics have an effect on preference, particularly on
environmental attitudes, but again are not always consistent. For example,
gender can affect environmental attitudes and preferences. Tindall (2000) cites
examples where females are more concerned about environmental
consequences of industrial activity while studies in Kentucky showed that
males had more concerns about the environment (Arcury et al. 1987). Even
within one state (Kentucky), the effect of gender is not constant; some studies
on environmental attitudes show no effect (Arcury & Christianson 1993) or
only very weak effects (Arcury 1990). Similarly, the effect of higher
education, age (as mentioned above), rural vs. urban residence and income
level on environmental attitudes, knowledge and concern are inconsistent
(Hoover et al. 1985, Arcury 1990, Arcury & Christianson 1993, Kellert 1993,
BC Ministry of Forests 1997) and seem to depend more on social context of
the questions given in surveys (Brunson 1993), and individual experience and
expectation. Therefore, the general impression that younger, better educated,
higher income and urban-dwelling individuals have more concern for the
environment and stronger dislike of harvesting practices does not hold true.
Alberta's populations are rapidly expanding in both rural and urban
communities (Alberta Real Estate Foundation 1999). Rural areas and small
towns in Alberta experienced the largest growth between 1991-96 since the
late seventies (Bollman 1998). Across Canada, rural dwellers are significantly
more concerned about the environment impacts than their urban counterparts,
as measured by asking their priorities for the Canadian government (Canada
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Information Office 2001). However, interpreting environmental concern with
attitudes to forest activity is not clearly correlated. Rural participants living
near the AlPac mill site, and surveyed before its installation, did not consider
loss of wildlife or loss of forest significant concerns nor did they describe the
environment as a high value of their community (Equus Consulting Group
1989). Similar to participants in the Northern River Basins studies mentioned
above, they were more concerned about water and air quality issues (Equus
Consulting Group 1989). However, neither of these studies were specifically
designed to assess perceptions of specific logging practices.

Effects of experience,
knowledge and profession.

Philosophical differences
between environmentalists and
foresters.

Experience, specialisation of knowledge and thus, profession have strong
effects on perceptions. Foresters and forestry professionals can appreciate the
aesthetic of many harvest treatments because they appreciate the qualities that
denote good management decisions that promote potential for timber yield
(Ribe 1989). In this sense, forest managers actually may have an expanded
sense of aesthetic relative to the general population. Wildlife professionals
tend to prefer stands of trees with shrubby understoreys because they
recognise the potential value for wildlife habitat. Conversely, ranchers may
prefer open grassy forests. Kearney (2001) posits that expertise related to
forests helps to increase familiarity with elements in a landscape, aiding their
interpretation and increasing preference.
Environmentalists and forestry professionals are expected to have different
perspectives of and attitudes towards harvest practices, with environmentalists
more focused on the value of nature for its own sake and foresters more
focused on the utilitarian aspects of timber production (McFarlane & Boxall
2000). Forestry students in particular may be quick to dismiss the concerns of
those not trained in forestry (Tindall 2000). However, these stereotypes, once
investigated, can be misleading and foster a false divide. Analysis of
stakeholder perspectives by Kearney et al. (1999) shows that there is more
common ground than either environmentalists or foresters perceive.
Environmentalists are often more concerned with economic considerations
than foresters think and similarly for foresters and ecological issues.
Even within foresters or environmentalists as groups, there can exist much
disagreement about what qualities define an ecologically sustainable
landscape. Science can never determine, with complete certainty, truly
sustainable practices; ecological systems are inherently stochastic and difficult
to predict (Walters 1986). Expecting complete agreement on the appearance
of a sustainable, developed landscape may be unrealistic.
DOES INFORMATION MEDIATE PERCEPTIONS?
The influence of experience, profession and understanding of forestry issues
suggests that information can mediate our perceptions of harvesting practices
(Hoover et al. 1985, Brunson 1993, Kearney et al. 1999). Using information
to influence perceptions has been broadly applied throughout forestry, from
placing information or interpretative signs to conducting field tours and
participating in public consultation processes. Is this information effective for
creating support for forestry practices? How much support can be created and
is one approach better than another?

ALBERTA RESEARCH COUNCIL
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In some cases, information can
provide a rationale so the
viewer can understand and
accept harvesting activity.

Information influences
perceptions of acceptability
rather than perceptions of
scenic beauty.

The influence of information
depends on both the giver and
the receiver of that
information.

Turning to information to influence perceptions seems particularly relevant in
the cases where managing for aesthetic values and ecological values seem to
conflict. Views that cutblocks with retained downed wood and snags are
"messy" are gradually being replaced with Gobster's (1995) concept of the
ecological aesthetic where preferences are informed by knowledge that newer
practices may help to ameliorate environmental impacts. Perceptions are
socially-constructed; therefore, information about harvest practices provides a
context for viewer. A rationale provides a basis for understanding and thus
acceptability (Brunson 1993). For example, when viewing a clearcut, viewers
prefer a clearcut where the forest will be allowed regenerate to its natural state
over a cut that will be converted to a plantation (Bliss 2000). Similarly,
labelling forests as wildlife or protected areas can increase preference for
those forests over those labelled as managed forests (Ribe 1989). Both these
examples harken back to public preference for a more natural forest.
In the Pacific Northwest, where New Forestry has been widely implemented,
knowledge of forest practices was correlated with increased approval of those
practices (Brunson & Shelby 1992, Bliss 2000). Information, then, influences
social acceptability rather than our perception of what is beautiful (Ribe
1999). (This can become a bit of a semantic argument as it can be debated that
perception of beauty is also a social construct that can be influenced by
values.) However, for forest managers, using information to influence social
acceptability is a useful approach to combine both appearance and other
values such as ecology. Given a choice, harvesting activity is always less
preferred to the intact state, despite whatever information is provided (Ribe
1999). However, the reasons that we can still accept a practice will come from
the context that information provides (Carlson 2001).
Individuals who appreciate the ecology of forests may be the most open to an
ecological justification for changing harvest practices (McFarlane & Boxall
1996). Receptivity for information and whether or not it can influence
preference depends on both the giver and the receiver of the information.
Individuals who are philosophically or ethically opposed to large scale
industrial forestry may be unreceptive to an ecological rationale for
harvesting, particularly if they consider themselves well-informed and the
information contradicts with their knowledge (Brunson 1993, Kearney 2001).
Again, the socially-constructed nature of perceptions also means that they can
be influenced by pressure from group judgements, limiting the effect of
additional information (Brunson 1993). If other alternatives to timber harvest
are considered viable, receptivity will likely decrease (Brunson 1993).
Employing an ecosystem management should allow for multiple values, but
the compromises inherent in this approach still require buy-in by stakeholders.
Further, the information must be perceived as coming from a trustworthy and
honest source or it will be rejected. Sherman and Gimondi's (1997) article in
Alternatives is a good example where the credibility of ecological information
delivered by a forest company was rejected.
Forestry practices evoke such strong response from civil society actors,
invoke such a range of values and attitudes that in many cases, successful
communication of an ecological rationale necessitates delivery in an open
forum. Here, feedback can be provided and information can be explained and
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Mere information cannot solve
“wicked problems” where
philosophically-opposed
groups fuel conflict over
natural resource management.

Direct public input is the best
course of action to deal with
potentially controversial forest
management decisions.

To build public trust, forest
managers needs to effectively
engage stakeholders in
planning processes. Part of
creating buy-in, is to
demonstrate accountability.

justified. As Schindler and Cramer (1999) point out, mere information or even
understanding of forestry perspectives cannot solve "wicked problems", that
is, where seemingly intractable positions fuel conflict around natural resource
management. Societal attitudes have generally shifted towards a decreased
belief that experts can make the best decisions about natural resources,
increased scepticism of scientific information from industry, increased
openness towards alternative knowledge systems, a decreased sense of
dependency on the forest for commodities and an increasing sense of value of
nature for its own sake (Cozzens & Woodhouse 1995, Wynne 1996, Schindler
& Cramer 1999, Song & M'Gonigle 2001). Therefore, now more than ever,
forest managers are challenged to be open to input from the public,
particularly on publicly owned lands.
In this atmosphere, opportunity for direct public input provides a better
opportunity for understanding perspectives from all sides. Since 1990, the
Alberta government has had a requirement for public involvement in the
development of forest management plans of the Forest Management
Agreement (FMA) tenure holders (Land and Forest Service, Alberta
Environmental Protection 1998). Many FMA holders sponsor public advisory
groups as a key component of their public input strategy, although a range of
public meetings, advertising and media are also used. The long-running nature
of these public advisory groups, with demonstrated commitment and
willingness to engage in dialogue by both industry and stakeholder groups and
the cooperative approach towards problem-solving speaks of their success.
However, there are challenges to build capacity here; meaningful participation
requires informed participants, where 'informed' is defined as an
understanding of all perspectives (Schindler & Cramer 1999). Public advisory
groups are also challenged to maintain a representative membership (e.g.
McFarlane & Boxall 2000). For example, by their nature, they assume the
existence of large scale industrial forestry; thus they will exclude players who
question that assumption.
Forest managers, then, need to think creatively about delivering information
to the public and permitting challenges to current practices. When Macmillan
Bloedel Ltd. (now Weyerhaueser) announced that it would abandon
clearcutting and embrace variable retention, it embarked on an active process
of engagement with environmental groups. In particular, they held a workshop
where environmentalists, government and industry representatives met with
top-ranked experts, selected by both environmentalists and industry, to debate
and discuss the variable retention approach (Macmillan Bloedel 1999).
Although criticism can be levelled at the small, invitation-only participation,
the structure of the workshop was a step towards building credibility, trust and
provided an opportunity for all participants to become better informed. It
marked a breakthrough for groups that had an acrimonious history of
engagement.
Other ideas include re-thinking forums for public engagement. Bringing
forestry users into a formal meeting can be inappropriate, for example, where
differences in culture, knowledge systems or experience are likely to
exacerbate power imbalances between participants and inhibit participation.
Or, where participants are unable to attend formal meetings due to other
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obligations. These scenarios require more creative approaches to actively
engage forest users in consultation processes or information exchange.
Managers have to think about who are their forest users and how can they
reach them directly (rather than the other way around). In all cases, the
manager must be able to demonstrate accountability; that is, having solicited
public input, the manager needs to have the ability to address public concerns,
questions or criticisms in a meaningful way.
There will always be some
forested areas in which the
public will not tolerate
harvesting.

Meaningful forums for public
input are an ongoing
challenge.

There are some places where the public will never accept harvest practices, no
matter how strong the ecological rationale. Areas of strong spiritual, cultural,
aboriginal or personal values and areas where the amount of harvesting has
surpassed the threshold of public tolerance fall into this category, as are areas
that provoke the Not In My Backyard response (Brunson 1993). Forests
considered rare, for whatever reasoning, are also likely to evoke this
protective response. In these scenarios, it may be more appropriate to avoid
harvesting or to explore alternative approaches management that are highly
democratic such as community forestry (Duinker et al. 1994).
Challenges remain generally for meaningful public input into forest
management decisions in Alberta, particularly at the level of the provincial
government where issues such as harvest levels and tenure can introduce
much controversy. A recent survey suggest only 13% of Albertans feel they
have sufficient voice in decision-making (McFarlane 2000), an attitude shared
among environmentalists, the general public and public advisory groups
(McFarlane & Boxall 2000).
HOW SHOULD WE MANAGE FOR SOCIAL PERCEPTIONS?
"Social acceptability can be used to define a target for
managers to strive for, or a threshold of tolerance they
dare not fall below."
Brunson 1993
Aesthetics of forestry are an obvious starting point for management of social
values; forestry is a very visual practice and humans are very visuallyoriented. The literature on aesthetic responses to landscapes and to forestry in
particular extends back to the late 1960's and there has been considerable
research on the topic (see Ribe 1989 for a review). Most North American
forest services have specific guidelines to manage for aesthetic values (see
USDA Forest Service 1995, Brunson and Reiter 1996, BC Ministry of Forests
1997, Rosenberger & Smith 1998). In Alberta, the Timber Harvest and
Operating Ground Rules call for forest aesthetics to be managed through the
"minimiz[ation of] the impact of timber operations on the visual quality of the
forest landscape" (Alberta Environmental Protection 1994). These guidelines
call for the consideration of the following points during planning: impact of
harvesting and reforestation on sensitive viewsheds, major travel corridors,
recreation trails and watercourses, recreation areas, tourism facilities,
municipalities and any other areas of concern. It specifically mentions
consideration of local resident concerns about aesthetic impacts of forestry.
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Managing for usual aesthetics
may not be an important
priority in boreal forests
relative to other forest types.

Forest managers may improve
acceptability of practices by
visibly demonstrating
stewardship for their forests.

For the boreal forest, managing for visual aesthetics may not be as large a
pressure as has been witnessed in the Pacific Northwest or British Columbia.
Logging is not as visible due to flatter terrain and we do not have the same
tourism pressure in our northern forests. There may be greater social
acceptability due to the economic benefits perceived from disturbance on the
landbase, due either to logging or to oil and gas activity. This may change
over time if our growing rural non-farm based communities become less
directly dependent on natural resource commodities (Bollman 1998). For now,
the greater challenge for forest managers may be to work to improve the
statistic from a recent survey of Albertans: "only 16% of respondents felt that
forestry practices produce few long-term negative effects on the environment"
(McFarlane 2000). We already know that managing for social acceptability is
more complex than managing for aesthetics. If forest management is to occur
within the framework of adaptive management, managers need to anticipate
response, to emphasise the collective desired future vision of the forest. To be
avoided is mere reaction to complaints from the public. To be encouraged is
broad, creative thinking about the users and beneficiaries of our public forests,
and how they should be involved.
Sheppard (2001) expands on the idea of managing for an ecological aesthetic
(Gobster 1995) to provide a positive framework for thinking about managing
for social perceptions. Referring to a Visible Stewardship theory, a common
link throughout society is that we all desire a landscape that looks cared for
and that demonstrates a respect for nature (Carlson 2001, Sheppard 2001).
This allows some shift away from attempting to achieve the natural state, (a
position that is so dependent on large, older trees that it may be unattainable
for logging), and an increased shift towards stewardship. It also helps
addresses the problem where despite the best efforts of ecologists and forest
managers, our chosen ecological rationale is incorrect. That is, if we're wrong
about the interpretation of the ecological basis for forest management, have
we betrayed the public trust and lost our social licence? Under the idea of
visible stewardship, the answer would be no. This is a natural complement to
an adaptive management approach. Forest managers should also take reward
in the value that society places in the manager's efforts to obtain and
implement the best ecological approach, to incorporate the best scenario of
social and ecological values.
The key concept of visible stewardship is to effectively demonstrate
stewardship. This will require increased outreach to the public by forest
companies and increased solicitation of, and openness towards, public input.
It also needs to involve the creation of flexible political and economic
institutions that allow for increased responsiveness to public input.
WHAT ELSE DO WE NEED TO UNDERSTAND ABOUT SOCIAL
PERCEPTIONS?

More research is needed on
local responses to harvest
practices and to determine
effective forums for public
input.
ALBERTA RESEARCH COUNCIL

The largest knowledge gap is a lack of research conducted locally about
perceptions of harvesting. Alberta has a unique combination of demographic
characteristics and historical relationships to natural resources, combined with
a relatively new industry (in scale) of forestry, that is likely to create a unique
set of social concerns from those documented in the US or the rest of western
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Canada. Further, research on effective forums for outreach, engaging
stakeholders and the broader public needs to keep pace with the generation of
ecological research and the ongoing commitment towards innovative forest
management.
KEY FINDINGS
•
•

•
•
•

•
•

•

Public prefers natural and undeveloped landscapes to those with
evidence of development.
The more natural harvest practices leave the landscape, the more they
are preferred. Preferred practices include:
• retention of trees (partial cutting) over clearcutting,
• residual trees in aggregated patches rather than dispersed
across a cutblock,
• curvilinear vs. rectilinear cutblock boundaries,
• smaller cutblocks rather than larger cutblocks,
• retention of older seral stages, and
• no activity in riparian areas.
Harvesting activity near waterbodies would probably be received
unfavourably due to strong preferences for landscape scenes with
waterbodies and natural experiences in landscapes with water present.
Preferences for harvest practices based on aesthetics do not always
translate into practices that are ecologically-preferred.
Preferences and thus perceptions can affected by a range of demographic
factors including education, gender, experience, expertise or profession,
and age, as well as regional and cultural influences. Variation and
interaction between factors suggests that locally-conducted studies that
consider context are important to identify local perceptions.
Ecological information can alter opinions about the social acceptability
of harvest practices but the effect is limited by philosophical position of
the receiver and the credibility of the deliverer.
Forest managers may wish to consider a framework of Visible
Stewardship for management where emphasis is placed on
communicating efforts to manage responsibly as well as actually
conducting ecologically and socially responsible forest management.
Public forums that allow direct input into decision-making, provide
feedback, build trust and buy-in and demonstrate accountability are
probably the best method for managers to communicate stewardship and
address negative social perceptions about harvesting practices.
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CHAPTER 12: ADAPTIVE BOREAL FORESTRY: ANTICIPATION
AND EXPERIMENTATION
Jason T. Fisher
INTRODUCTION

Adaptive management can be a
very useful tool for the
resource manager.

The scientific and social forestry literature is heavily burdened with a baffling
thesaurus of buzzwords, threaded together into well-intentioned but often
indecipherable statements. Buzzwords go a long way toward expressing
general intent, but achieve little in forming real operational guidelines.
Adaptive management can be rightfully accused of sharing this nebulous
nature. Certainly in my own resource management experience, prior to
researching this concept, it stood as a mystical abstraction shrouded in good
intentions but unattainable as an understandable or practical tool. Having
learned more about it, and been involved in adaptive management
experimental design in the interim, adaptive management has been revealed as
a surprisingly simple concept that heralds a world of practicality for the
resource manager.
The purpose of this chapter is to provide a short and simple synopsis of
adaptive management principles as they relate to forest practices, and to place
this synopsis in the context of the literature review provided in previous
chapters. The aim is to provide 1) a workable definition of adaptive
management, and 2) the basic tools necessary for resource managers to create
their own adaptive management protocols - benefiting from the past work of
others while learning from their own trials.
DELINEATING ADAPTIVE MANAGEMENT

Adaptive management is about
learning while doing.

Passive adaptive management
is reactive and fails to
acknowledge that natural
systems are dynamic.

ALBERTA RESEARCH COUNCIL

Adaptive management is about learning while doing. Knowledge is
accumulated, from childhood through to adulthood, on a personal or
professional level, by taking an action, evaluating the results, and taking a
new and improved action at the next opportunity. This feedback loop provides
information that is the basis for learning. In a resource management context,
this feedback loop can occur in a passive manner, or an active one.
Traditionally, resource managers implement a policy derived from a
combination of their own experience, local information, data-intensive
modelling exercises, and political pressure, with the intent of getting it right
the first time. If failure ensues that policy is modified, usually within the
narrow bounds of acceptable change allowed by politics, and re-implemented
again. This fine-tuning trial-and-error approach has been referred to as passive
adaptive management (Walters 1986). Passive adaptive management is
adaptive in the loosest sense of the word, in that it is malleable and responsive
to input. However, it is stricken with two notable ailments:
1) It assumes, almost always incorrectly, that the best practices are
known and are relatively static through time. A wise resource
manager recognises this as hubris.
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2) It does not provide any information regarding the underlying
causes of the initial and ongoing management failures.
This type of passive status quo management can lead to catastrophic resource
decline, or to missed opportunities for harvest due to unnecessary caution
(IIASA 1986). It does not plan for uncertainty in the system. In short, it fails
to acknowledge an undeniable fact of boreal forest ecology: nature is dynamic
and there is never one right answer.

Active adaptive management
involves a structured,
experimental approach to gain
information of resource
responses to different
management strategies.

Active adaptive management follows a feedback loop design, but does so in a
structured experimental manner. It replaces the passive fine-tuning or crisis
management approach usually seen in management practices. Active adaptive
management involves deliberately altering management plans on the landbase
to gain knowledge about the system (Walters 1986). It entails implementing
management plans that are not necessarily expected to be the “right” ones - in
some instances they may be suspected of being the wrong ones - to gain
information about how the resource responds under different strategies. The
active approach is adaptive management’s original and most efficacious
sense, and is the approach that will be advocated within this chapter.
Hereafter active adaptive management will, for the sake of simplicity, be
referred to simply as AAM.
In AAM every management action is a planned and carefully structured
scientific experiment with the equally important goals of 1) reaping the
economic benefits of resource extraction and 2) learning about the ecological
repercussions of that extraction. Rather than attempting to pick one course of
action, a number of different management actions are implemented. Each of
these different management actions is a treatment, with suitable controls and
replication, within an experimental framework. The results from this AAM
experiment can then be used to develop another round of experiments
designed to answer the questions generated from previous work. The new
harvesting adapts to the findings of the previous harvesting experiments.
ACTIVE ADAPTIVE MANAGEMENT AND TRADITIONAL
RESEARCH

AAM allows for increased
replication in landscape
experiments compared with
traditional research.

AAM answers managementdefined questions.

ALBERTA RESEARCH COUNCIL

There are several benefits to adopting an AAM strategy instead of relying
solely upon traditional research. Conventional ecological research studies are
often harnessed by a lack of replication due to constraints on logistics and
practicality. Harvesting done for scientific purposes is often done separately
from standard harvest planning. Excessive additional harvesting for research
purposes is not effective from an annual timber supply viewpoint, so fewer
blocks can be harvested for research. As well, previous and/or future
harvesting plans may confound the possibility of adding more treatments or
controls to an experiment. In an AAM experiment, the entire planning unit
can be used in the study design, boosting the number of replicates
tremendously, and co-ordinating treatments and controls in space and time.
A second benefit to AAM is that the experiments will answer managementdefined questions. Traditional research sponsored by industry attempts (and
sometimes succeeds) to answer operational questions assigned by managers.
Despite good intentions they are often limited by the requirements of
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academia for theory-driven studies at fine scales of scientific resolution, and
hence cannot focus solely on management outcomes and operational
concerns. Traditional theory-based research will always be necessary, as this
is the keystone for the generation of ideas. Once these ideas and theories have
been generated however, an AAM experiment designed explicitly for resource
managing can result in answers that can be directly implemented in future
AAM plans. Traditional research and active adaptive management can work
in tandem to advance the state of our knowledge of ecology considerably.

AAM reduces some of the
dangers of extrapolation.

AAM forces the manager to
think in new ways, and adopt
new ideas.

Another advantage that AAM wields over traditional research is that it
reduces some of the dangers of extrapolation (Walters 1986). Often traditional
research is conducted over small areas, with managers then taking that
information and applying it over a large landbase with variability never
encountered, nor accounted for, in the original research. Tying together
research and management into the same system, the same scale, and the same
area helps reduce the inherent errors in extrapolating beyond the bounds of a
research study.
A fourth advantage to implementing an AAM plan is that it forces the
manager to think in new ways, and adopt new ideas. AAM requires a mindset
different from the traditional viewpoint - that optimisation of a value is the
key to success, and research is only a corollary to management. Active
adaptive management requires that the manager adapt to new concepts and
direction of thought in order to implement this strategy.
KEYS TO IMPLEMENTATION:

Optimisation does not exist in
ecosystem management.

Managing for uncertainty
recognizes the inherent
variability in ecosystems.
Learning about variability is
an integral part of the AAM
process.

ALBERTA RESEARCH COUNCIL

1. Accepting uncertainty: making plans malleable
The crux of adapting to changing information is allowing that change, in
itself, is not something to be avoided. In resource management there is a
strong tendency to search for some equilibrium-based optimisation. However,
ecosystem management is not an optimisation problem (Urban 1994). Natural
variability in the system makes true optimisation non-existent, as there is no
stationary or steady state upon which an optimisation function can be based.
Instead of being a sound management tool, the search for optimisation
becomes a way in which managers limit themselves to one stream of thinking,
thus neglecting the other possibilities.
Even the best deterministic model with every possible variable measured and
every parameter accounted for will be wrong due to the stochastic nature of
ecological systems (Walters & Hilborn 1978). Salmon, cod, moose, caribou,
and white pine have all fallen victim to mismanagement; some due to neglect,
but most due to a tacit belief in an optimisation function upon which
management was dogmatically based. Reliance on a mean value excludes the
standard error associated with that mean. One cannot disregard the variability
in the system, as this variability is inherent. It has been dramatically
illustrated time and again that the natural world does not always change in a
deterministic, predictable way (Kay & Schneider 1994) – hence the
ambiguousness of data and conflicting studies found in the EBSM review.
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Temporal and spatial variability are bogeymen for resource managers, since
variability causes unforeseen changes in harvest forecasts. Unexpected
changes in harvest forecasts can leave superiors and stakeholders with the
impression that the manager has failed in some way – failed to predict the
variability, failed to compensate for it, or failed to accurately calculate the
optimisation function.
AAM principles dictate that this uncertainty is as much a part of the
ecosystem as are the trees, so it must be managed just as timber growth is
managed. In practical terms, this could involve building a stochastic function
into harvest models, or managing within probability distributions instead of
managing for an absolute number. It requires “managing for uncertainty,
rather than banking on sustainability” (Moir & Mowrer 1994). The inevitable
errors in a management plan must be acknowledged as an integral part of the
management process, as long as learning from these errors occurs (Halbert
1993). In essence, it requires that we overcome our fear of ecological
uncertainty and our predilection toward avoiding (and ignoring) risk.

The greatest challenge to
implementing AAM is
accepting that risk is inherent.

Resource managers, scientists,
policy makers and the public
must share in the AAM
process.

ALBERTA RESEARCH COUNCIL

2. Conquering risk aversion
Possibly the greatest challenge to implementing active adaptive management
is accepting the fact that risk is inherent in the process. This can be a problem
to risk-averse managers who prefer to stay the known course. Even managers
who are willing to try new methods of management must follow a chain of
command to stakeholders and clients, who might not look favourably upon
risking the adoption of new management techniques. There are several
examples of how well-intentioned people have adopted AAM only to have its
implementation corrupted or even completely halted due to conflicts among
stakeholders regarding its efficacy (see Halbert 1993, Cortner et al. 1996).
Risk aversion is the primary challenge to AAM and perhaps the most difficult
to overcome. This is due to the fact that humans, by nature, are comfortable
with the familiar. Managers and their superiors can overcome risk aversion
and shift to an adaptive management strategy - the key is to become familiar
with the nature of the uncertainty associated with the resource, and to share
the burden of some of that risk with other stakeholders.
3. Collaboration and communication
Active adaptive management experiments are unlikely to succeed if
conducted without collaboration between all parties concerned with managing
the resource. Resource managers are, by definition, the vehicles for AAM
implementation, as they implement the experiments on the landbase.
Scientists have the academic knowledge required to advise and help design
effective experiments. Policymakers have knowledge of political challenges
and opportunities. The public provides the value system that drives the
adaptive management process and defines thresholds for acceptance.
Communication between all of these groups is critical in facilitating AAM.
Collaboration between scientists and resource managers is particularly crucial
in implementing AAM experiments, to ensure that experiments are
scientifically valid while still addressing issues relevant to management of the
resource. Combining and refining of ideas forwarded from these different
sectors can create considerable innovations in resource management.
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Inflexibility in adherence to
regulations presents a
challenge to the
implementation of active
adaptive management.

4. Replacing regulation with innovation
Institutional mindsets embracing firm regulations can present significant
barriers to active adaptive management (Cortner et al. 1996). Regulations are
based on the assumption that best practices are known and static, an
assumption that violates the basic tenets of ecosystem management.
Jurisdictions that provide freedom for companies to explore alternative
harvest plans have bestowed a great advantage upon natural resource
management. Alberta, for example, allows forest companies many freedoms
that most other provinces do not. The government promotes the use of active
adaptive management in the document The Alberta Forest Legacy, and
recognises that “economic instruments can provide a better mechanism for
forest conservation than a more regulatory approach” (Alberta Environmental
Protection 1997). The leeway afforded companies to develop appropriate
guidelines for management allows for both some excellent forestry, and in
some cases, some not so excellent forestry. Nonetheless, it does provide an
atmosphere where the AAM approach can be adopted free from the shackles
of over-regulation common in other jurisdictions.
That is not to say that regulations have no place in resource management;
resource users will push the system for economic gain to remain competitive,
and regulations are the bastions that limit overexploitation. However, by the
same token regulation can also prevent managers with the best of intentions
from implementing those intentions on the ground. Regulations that provide
room for adaptation, rather than impose restriction, are the best compromise
(Messier & Kneeshaw 1999).

Implementation of AAM may
conflict with production
requirements.

Regulations often force an
ecologically damaging, yet
comfortingly familiar, resource
management plan on
managers.
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Regulations aside, there is an emphasis on production ingrained in commerce
that can hinder the implementation of AAM plans, even if they are the wisest
course of action (Halbert 1993). The requirement to meet the entirety of a
provincially mandated annual allowable cut (AAC) is a prime example of this;
in some jurisdictions companies stand to forfeit their FMA if they fail to cut
the entire AAC, even if a reduction in cutting would be economically and
ecologically feasible. Managers often overlook the socio-economic aspects of
resource management; these are integral to making an AAM approach
workable (Walters 1986, Messier & Kneeshaw 1999). The political pressure
for a regulation-based approach that restricts freedom for different
management strategies can also be considerable, especially when the public
lacks trust in companies, or governmental power structures outweigh concerns
for public good. Often the timeframe required for an AAM plan exceeds the
term of office, and so becomes a side issue in the political arena (Halbert
1993).
Although intended to guide forestry companies along ecologically responsible
avenues, regulations often force an ecologically damaging, yet comfortingly
familiar, resource management plan on managers. Regulations are often based
on the homespun axiom “if it ain’t broke, don’t fix it”, and unfortunately it
has happened that systems have become desperately broken before fixing was
allowed to occur. Thus one key to implementation is lobbying to replace stiff
inflexible regulations with mutually agreeable guidelines with sufficient room
to manoeuvre. As stated in Cortner et al. (1996), institutions responsible for
ecosystem management must reflect the necessarily experimental nature of
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that management; they must allow planning and decision making to continue
in the face of uncertainty.
SYNTHESIS
Anticipation and Experimentation
The ultimate goal of AAM is
actually very simple: to
determine the range of possible
responses that a system (in this
case, a forest and its
inhabitants) may exhibit within
a range of management
actions.

Establishing known
information is the primary
step.

Defining the range of
acceptable risk is important in
strategic planning.

Information from other
chapters in EBSM can be used
to guide AAM efforts.
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For all its jargonistic complexity, the ultimate goal of AAM is actually very
simple: to determine the range of possible responses that a system (in this
case, a forest and its inhabitants) may exhibit within a range of management
actions. This is where the experimentation occurs. When the final results of
AAM experiments have been analysed, planners should then be one step
closer to understanding how their perturbations influence changes in the
ecosystem. It is then up to the policymakers to establish the range of
ecosystem changes that they are willing to accept, and to establish boundaries
that planners will operate within in the future. These will serve as the basis for
further experimentation.
It goes without saying that extreme perturbations to the ecosystem are bound
to be socially, ecologically and economically unacceptable (Halbert 1993). As
well, no scientist would deign to design an experiment without first having
thoroughly researched all available background information as a guide. That
is not to say that risks should not be taken; AAM necessarily involves taking
risks and probing into the unknown. It therefore behoves the resource
manager, when implementing experiments for an AAM strategy, to have 1) an
idea where the limits of acceptable change exist, 2) a knowledge of the range
of management experiments that could be prudently implemented, and 3) a
foreshadowed suspicion of the possible outcomes. It is necessary to have the
appropriate background information to at least partially foresee the
consequences of an experiment, so that proper hypotheses can be created and
tested in a scientifically rigorous manner and to ensure the outcome stays
within acceptable bounds. This is where anticipation is crucial.
The Ecological Basis for Stand Management (EBSM) document provides
scientists, planners and managers with a comprehensive summary of the
results of experimentation within the boreal forest, so that they may learn
from the harvest strategies implemented by others. Establishing known
information is the primary step in designing an AAM strategy (Walters &
Hilborn 1978, Walters 1986). Upon assimilating the EBSM document,
managers should have a general understanding of how ecosystems have
responded to different forest harvesting strategies in the past, and how these
results change with succession. When considering how to experiment with a
harvest plan, the manager can anticipate changes in the ecosystem and
establish boundaries and operational guidelines to the harvest strategy, so that
the important questions are addressed, experimental rigour is achieved,
detrimental consequences are avoided, and harvesting opportunities are not
missed. There is still risk involved; however, with knowledge and planning
this will be acceptable risk that yields information invaluable to future
management efforts.
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Integrating EBSM
The EBSM document provides a wealth of knowledge about the past history
of interactions between forestry and forest biota, but this information is
nowhere near complete. Each chapter highlights key findings and
management implications, out of which emerge numerous data gaps. These
data gaps provide resource managers with questions that require answering.
The key findings form the basis for predictions about the ecosystem response
to harvest strategy. Researchers can use this information as a basis for AAM
experiments - to form hypotheses, establish the constraints of the experiment,
and evaluate the results.
CREATING AN AAM SCENARIO FOR BOREAL FORESTRY

The intent of this chapter is to
provide a simple scenario of
how AAM can work for boreal
forestry.

An AAM plan needs to have
clearly established goals with
substantiating evidence to
justify the experiment.

Walters (1986) listed four basic issues pertaining to the design of active
adaptive management strategies, paraphrased as: 1) bounding management
problems; 2) transferring existing information into explicit models to examine
this system; 3) representation of uncertainty that may lead to opportunities for
enhanced management practices; and 4) design of balanced policies that
extracts the resource and employs further experimentation. His work provides
an in-depth explanation of AAM; the intent of this chapter is not to revisit it,
but to combine his and others’ theories on AAM and the review provided in
EBSM to provide a simple scenario of how AAM can work for boreal
forestry. What follows then is merely a guide to how an AAM experiment can
be used to implement knowledge and answer questions generated from the
EBSM document. It is not the only way an AAM experiment can be launched,
but it does provide a framework upon which other designs can be created and
tested.
Implementing AAM is not a license to push the system to see where the
boundaries are. An AAM plan needs to have clearly established goals with
substantiating evidence to justify the experiment, and deliverables that
provide accountability for resource management actions (Halbert 1993). Risk
is inherent, but should be viewed as ‘responsible risk’ that is weighed against
the value of the knowledge to be gained. Wherever possible, resource
managers should turn to modelling to answer questions before resorting to
experimentation. For example, spatial models can be used to provide
information about unit patterns over the landscape (Urban 1994). Lindner
(2000) and Liu et al. (2000) are other examples of how modelling can be used
as a prelude to adaptive forest planning. However, where information
provided by modelling ends, experimentation is a necessary beginning.
Compiling Background Information

All available knowledge on the
response of the system to
anthropogenic and natural
disturbance needs to be
considered.

ALBERTA RESEARCH COUNCIL

Also called the ‘analysis phase’, this involves collecting all known
information about the system of concern. This should include known standlevel and landscape-level ecological processes and flows (Diaz & Apostol
1994). All available knowledge on the response of the system to
anthropogenic and natural disturbance needs to be considered. Beyond this, a
thorough listing of all data gaps, and a treatment of suspected but
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unsubstantiated processes and effects, is just as crucial before a suitable
question can be explored.
Creating a Model

Models help analyse complex
systems, identify data gaps, and
frame appropriate questions.

Models integrate data obtained in the information compilation stage.
Scientific studies often reveal different variables of a system - reproductive
rates, tree growth curves, and soil characteristics, for example. Models go the
next step and characterise how each of these variables change as a function of
each other, and of time. They help the modeller inductively and deductively
analyse complex systems, identify data gaps, and predict system responses
(Walters 1986). Models need not be predictive; the goal is not to try to
determine future values of a variable, but to see the different ways that
variables can change. Models help the AAM team identify those variables that
cause significant changes to the system, and help them frame appropriate
questions as a basis for experimentation.
Framing the Question

Framing the question forces
the management team to
explicitly consider
management problems.

One of the most challenging steps in the AAM cycle is the distillation of
assembled knowledge and broad ideas into a simple, singular question. This
entails moving beyond broad descriptions of good intentions and forces the
management team to examine, in explicit detail, the problems being faced in
the management strategy. Framing a question also forces the team to prioritise
the answers needed and to concentrate on filling the widest gaps in
knowledge.
For the purpose of creating an example of an AAM scenario, assume a basic
goal for a management team is: Maintaining biodiversity in harvested
landscapes.
Maintaining biodiversity on the landscape is a noble but considerably
daunting task, but can be made easier by dissecting the issue into smaller
more manageable parts. Landscapes are composites of stands, so mitigating
biodiversity loss at a stand level is an important first step in landscape
management. Background information provided in previous chapters in
EBSM suggests that achieving the goal of maintaining biodiversity at the
stand level is dependent largely on leaving live residual trees on the cutblock.
Unfortunately, very few (if any) studies have explicitly studied the amount of
live residuals required to keep species in the stand post-harvest; therefore no
quantitative prescription is available.
The question then becomes: At a certain cutblock size, what is the threshold
percentage of live residual retention required to prevent loss of biodiversity
within a cutblock?
This of course depends on your definition of biodiversity, an immensely
complex concept impossible to fully analyse. Breaking the problem down into
smaller subproblems turns the concept into a manageable construct (Walters
& Hilborn 1978). Hence the second step: choosing a response variable to
measure in the experiment.

ALBERTA RESEARCH COUNCIL
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Selecting a Response Variable

The manager should, in
collaboration with scientists
and consideration of available
resources, choose which
variables should be measured
in an experiment.

There are myriad components of biodiversity, including stand structure,
vascular and nonvascular plants, birds, and mammals. Monitoring all of them
in an AAM experiment would be ambitious to say the least. The manager
should, in collaboration with scientists and consideration of available
resources, choose which aspects of biodiversity should be measured in the
experiment. The decision will likely entail a trade-off between those
components of biodiversity deemed necessary upon review of available
literature, and the monetary resources available to run the experiment. Again
the resource management team is required to prioritise – not only which
aspects to study, but also how the AAM project measures up to other
responsibilities requiring budgetary allotments. It then behoves the team to
become well versed in what studies have been done on biodiversity
maintenance in harvested stands, to prevent replication of previous work.
Prioritisation is also necessary to gain an appreciation of the system and those
aspects most likely to be affected by harvest practices.
For the purpose of this AAM scenario, I present this example. In chapter 10,
Mammalian response to forest harvesting and fire, it is clear that the response
of mesocarnivores – weasels, marten, fisher, fox, and lynx – to harvest are
radically understudied. The percentage of residual leave on a cutblock likely
influences mesocarnivore recolonisation of a block after harvest, as they rely
on escape cover provided by the tree canopy. As predators, these carnivores
affect the abundance of rodents, hares, and ungulates on the cutblock.
Therefore, one possible variable to be measured in the experiment is the
abundance of mesocarnivores on the cutblock. There are hundreds of other
variables that could conceivably be studied, but I will focus on this one for the
sake of simplicity.
Establishing Constraints

Constraints help guide the
management team toward an
understanding of what can
feasibly be done, and evaluate
what should be done.

The next step in planning an AAM experiment is evaluating and tacitly
expressing the constraints, or boundaries, of the experiment. The term
‘constraint’ has negative connotations, implying a lack of freedom; however
this is not the case in AAM planning. Constraints help guide the management
team towards an understanding of what can feasibly be done, and evaluate
what should be done. Constraints fall into two categories: operational and
scientific.

Operational and scientific
constraints set the boundaries
for the AAM experiment. They
define the applicability and
accuracy of the results.

Operational constraints are the limitations imposed by annual allowable cut,
harvest regulations, and all those aspects of planning that are inflexible and
beyond the scope of manipulation. These can be challenged and hopefully
minimised (see section on Regulation and Innovation) but there will always
be boundaries within which the manager must operate. These boundaries also
form the realm of applicability of an experiment – testing 10,000 ha cutblocks
is useless if blocks of those sizes will never be an allowable part of a harvest
plan.
Scientific constraints bound the experiment based on established data and
known relationships. This is where a strong working knowledge of previous
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related research and background information is critical, for two reasons.
Firstly, scientific background must be understood so that hypotheses can be
created in a rigorous way. That entails understanding the variables that may
confound the experiment. Understanding the mechanisms behind the patterns
being studied will help one to anticipate relevant confounds in an intelligent
way, and create controls for them. In our AAM scenario, we need to know the
threshold amount of live residual retention on the cutblock. Since we know
that residuals affect seed throw, suckering, thermal cover, escape cover, snow
cover, and browse production (see previous chapters), we can quickly
recognise that the edge to edge distance within a cutblock also affects these
processes. Therefore the effect of varying live residual retention can be
confounded by the size of the disturbance. A scientific constraint in this
experiment is therefore cutblock size – we need to maintain a constant size
while varying residual retention. Controlling for confounds is fundamental to
the scientific method and may seem intuitively obvious to some, but it is
surprising how often confounds are overlooked when assessing even basic
monitoring data from a passive adaptive management approach. The
importance of being able to accurately attribute the changes resulting from
management manipulations cannot be overstated.
Scientific background and
associated constraints must be
known so that the management
team can roughly anticipate
the results and not push the
system beyond tolerance.

Secondly, scientific background and associated constraints must be known so
that the management team can roughly anticipate the results and not push the
system beyond tolerance. This mistake can occur whether resource managers
employ an active adaptive management strategy, a passive one, or even follow
government-instituted regulations. In Newfoundland, invoking the phrase
“Grand Banks cod fishery” evinces a universal flinch response that serves as a
graphic reminder of the consequences of exceeding system tolerances.
Forestry is certainly not immune to such management mistakes (Baskerville
1995).
In our AAM scenario, the literature summary provided in EBSM suggests that
removing live residual trees from a cutblock altogether will result in a loss of
bird and mammal species and will retard successional convergence toward
pre-disturbance and burned states. Implementing this harvest plan across an
entire planning area, while it may satiate curiosity, is likely to result in
biodiversity loss on a scale unacceptable to superiors, stakeholders, certifiers,
and clients. Anticipating where system tolerances exist helps management
stay within the realm of non-catastrophic cycling (Walters 1986), outside of
which adaptation occurs only after monumental failure.
With knowledge of both operational and scientific constraints, the AAM
question can be formed into a hypothesis.

A statement of hypothesis will
force the AAM team to state
the question in unequivocal
terms, with consideration of
the response variable,
constraints, and possible
confounding variables.
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Creating a Hypothesis
Experiments can be hypothesis-testing, following the standard “null vs.
alternative” approach embedded in scientific method, or pattern-searching,
where no numerical predictions are made. Either way, a statement of
hypothesis will force the AAM team to state the question in unequivocal
terms, with consideration of the response variable, constraints, and possible
confounding variables. The hypothesis has been described as the greatest
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limitation and greatest benefit to the AAM process (Baskerville 1985). Given
the remarkable utility in being able to construct a solid hypothesis that
provides clear direction for a management plan, the hypothesis is by far more
of a tool than a fetter.
Based on the previously suggested response variable, we have formed the
question: At a certain cutblock size, what is the threshold percentage of live
residual retention required to prevent a decrease in mesocarnivore
abundance within a cutblock? We then assess our operational constraints.
Say, for example, less than 30% residual retention on a block is unfeasible
from an operational standpoint, while less than 5% residual retention is
unfeasible given basic requirements for biodiversity. Cutblock size is
confounding, so that is held constant for the purposes of this AAM
experiment, i.e. 100 ha.
The hypothesis could then be stated: Mesocarnivore abundance decreases
with decreasing percentage of live residual leave, between 30% and 5%, on a
cutblock 100 ha in size.
Again, I am instituting a rigidity and base simplicity here for the purpose of
clarity; real experimental parameters are likely to be more complex and fall
within a range of potential values. But it is clear how creating a hypothesis
helps form the guidelines for the experiment and coalesces an amorphous idea
into an operational plan.
Executing the Experiment
A real benefit behind AAM
experiments is the abundance
of available replicates.

The real benefit behind active adaptive management experiments is the
abundance of available replicates. Each cutblock could, with proper
consideration of spatial autocorrelation, be a replicate in the experiment. In
this example, a gradient of live residual leave could be established between
the 5% minimum and the 30% operational maximum, in 5% increments. Thus
6 different treatments would be assigned to cutblocks so that replication of
each is relatively equal. The best distribution pattern – random, stratified,
dispersed – needs to be determined based on the question asked and the nature
of the possible confounding variables. The co-operation of the equipment
operators is crucial if the cutblocks are to be designed properly, and postharvest assessment should be completed to be sure that the treatment planned
for the cutblock is consistent with the treatment received.
Of course, the basis for the whole experiment is a sound monitoring design
that will allow the management team to measure system responses to the
AAM experiment.
Monitoring
In the AAM scenario created herein, a specific response variable was selected
based on assessed data gaps. In reality, the knowledge return on experimental
investment will likely need to be as high as possible, encompassing a wide
range of response variables that provide a holistic assessment of the
ecological reaction to an AAM plan. The Alberta Forest Biomonitoring
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Proximate intensive sampling
is extremely useful but
combining this with long-term,
coarser-grained extensive
sampling that tracks system
changes over time, will provide
real utility in allowing the
management team to
effectively evaluate the results
of an AAM experiment.

Program (AFBMP) is a set of protocols designed for long-term large-scale
implementation across the Province to measure variables deigned to be
indicative of ecosystem integrity. Although all variables and protocols may
not be applicable to any given AAM plan, the concept of standardised
monitoring over large temporal and spatial scales is a good one to adopt. Too
often, the results of experiments – traditional and AAM – are monitored for
too abrupt a period post-disturbance and valuable information regarding
ecosystem response is lost. Proximate intensive sampling, such as the
mesocarnivore abundance measure in this scenario, is extremely useful but
combining this with long-term coarser-grained extensive sampling that tracks
system changes over time will provide real utility in allowing the management
team to effectively evaluate the results of an AAM experiment. The next step
is then to incorporate the data gained from this experiment back into the
active adaptive management cycle.
Adapting

Adaptation involves using the
information from one
experiment as the basis for
another.

The final step in the active adaptive management cycle is by far the most
challenging – adapting. This not only entails adapting the harvest plan to the
information received from the old one; it requires that the manager adapt to a
new type of information.
What the manager has extracted from this process is, as mentioned earlier,
two-fold: 1) the resource has been reaped, and 2) information has been
garnered about the ecological repercussions of the harvest plan chosen. What
the manager has not extracted are single values that can be used as a basis for
prescriptions. An assessment of the ecological response will show a wide
degree of variability in the data, and will open doors to new questions that
need asking, but will almost never reveal a single best answer to any problem.
In our scenario, our AAM experiment may reveal that mesocarnivore
abundance in 100 ha cutblocks remains relatively stable until live residual
retention drops below 20%, and then decreases dramatically from 20% to 5%.
This information holds for 100 ha cutblocks, but then the question is raised,
“What is the relationship between cutblock size and residual retention as it
relates to maintenance of biodiversity?”. The results hold for the length of the
monitoring period, and if the period is sufficiently long, are likely to show
marked annual variation as prey bases fluctuate – another question. As well,
we still need to know how other species and processes respond to <20%
residual retention. On the management level, adaptation involves taking the
information from one experiment and using that as a basis for another.

Science does not tell us which
ecosystem changes are better
than others; that can be
determined only through
established value criteria.
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Beyond the management level, adaptation to new data from an AAM
experiment can have a varied role in shaping forestry guidelines. Science does
not tell us which ecosystem changes are better than others; that can be
determined only through established value criteria (Kay & Schneider 1994). It
is in the hands of decision makers, stakeholders, and the public to determine
priorities for ecosystem management. If 20% leave is adopted on cutblocks, it
will likely entail an expansion of the amount of the landbase to be cut; is that
an adequate trade-off? Stankey and Schindler (1997) describe their experience
with active adaptive management and provide advice based on their
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involvement in several Adaptive Management Areas implemented by the US
Forest Service in the Pacific Northwest in 1993, and show the many levels of
decision making involved in the process. Schindler et al. (1999) also provide
an excellent case history of agency-public involvement for active adaptive
management, based on a framework developed in association with these
Adaptive Management Areas. Both papers plainly illustrate that the need for
community integration and social involvement in the active adaptive
management cycle cannot be overstated. In addition, geographic integration
may also be required to answer larger scale issues.
A Note on Spatial Scale of Implementation
Management should occur at
both the FMA scale and the
regional/provincial scale to
encompass regional-scale
processes.

To address questions regarding
regional-scale processes,
experimental units need to be
large enough to encompass
variability in regional
processes, while still numerous
enough to provide appropriate
statistical power.

The thrust of the EBSM document is at the stand scale; however management
has to occur at both the stand and landscape scales to sufficiently encompass
the spatial extent of ecological processes. By this same token, although
resource managers deal with issues at the scale of the wildlife management
unit or forest management area (FMA), management should occur at both the
FMA scale and the regional/provincial scale to encompass regional-scale
processes.
Management activities occurring within one FMA will influence adjacent
FMA’s. Cumulative effects of other land-use practices, such as oil and gas
exploration, will differ between FMA’s. Harvesting requirements,
infrastructure, and dominant stand types will also vary, creating a mosaic of
management effects. To address questions regarding regional-scale processes,
experimental units need to be large enough to encompass this variability in
regional processes, while still numerous enough to provide appropriate
statistical power. This could be accomplished by using the entire provincial
landbase to plan out AAM experiments (Walters 1997). With collaboration
between planning committees from each region, and management teams from
each FMA, the effects of resource management practices at regional scales
can be researched. With appropriate monitoring, land-use zoning can be
implemented as an AAM experiment, with results leading to more effective
integrated landscape management across the entire province.
SUMMARY

Each piece of information
from an active adaptive
management experiment yields
the prospect for a better
management plan, and the
need for that management plan
to be another adaptive one.
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Adapting is a permanent endeavour, not a temporary foray. Each piece of
information from an active adaptive management experiment yields the
prospect for a better management plan, and the need for that management plan
to be another adaptive one. This is a positive feedback loop, as the
information we get from an AAM strategy is always building towards a better
understanding of the system. Ecosystems may never be understood enough to
reliably manage - but we need to keep in mind that “we don’t manage
ecosystems, we manage our interaction with them” (Kay & Schneider 1994).
Active adaptive management provides the tools to teach us about that
interaction, and gives us the knowledge upon which intelligent decisions can
be made.
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CHAPTER 13: LARGE-SCALE PLANNING OF LIVE TREED
RESIDUALS BASED ON A NATURAL DISTURBANCESUCCESSION TEMPLATE FOR LANDSCAPES
Philip Lee, Cheryl Smyth, and Stan Boutin
INTRODUCTION

In the past, landscape
planning has focused on
meeting a combination of
objectives driven primarily by
factors at smaller spatial
scales. The result has been a
fragmented landscape with
negative impacts on ecological
parameters such as
connectivity, patch size, and
edge.

In an effort to design and
implement more ecologically
sound landscapes, researchers
and managers have
increasingly turned to natural
patterns.

At large spatial scales, boreal
forests are a complex mosaic
of patterns created primarily by
large episodic, overlapping
fires.
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For most of Alberta’s boreal forest, the landscape pattern after timber harvest
has been primarily driven by linear access created by roads and a forestry
policy that disperses cutting throughout the entire landbase of a tenure holder.
This has created small aggregations of linearly organized cutblocks dispersed
throughout the entire landbase. Though dispersed cutting has many economic,
social, and aesthetic appeals, it has a number of ecological consequences
(Spies et al. 1994, Wallin et al. 1994, Cissel et al. 1999). In its initial phases,
cutting patterns have relatively little impact on connectivity, patch size, and
amount of edge. However, these parameters are increasingly negatively
impacted as harvesting proceeds over the landscape. The impact of cutting
spreads extensively creating changes throughout the landscape. In particular,
edges, fragmentation, and road networks become more extensive.
Furthermore, dispersed cutting produces a pattern very difficult to erase in the
future unless radical changes are made to patch size or rotation time (Wallin
et al. 1994). The realization of these ecological consequences has shifted
practices in the United States Pacific Northwest to aggregated cuts in the mid1980s. Though this pattern has a greater initial impact in a local area, it
minimizes the extensive impacts over the entire landscape and long-term risks
associated with dispersed cutting. It is worth noting that both dispersed and
aggregated cutting repeatedly applied produces a stereotyped landscape with
an overall reduction in variation.
In an attempt to maintain levels of spatial variation over the landscape
managers have begun to explore natural disturbance-succession patterns as a
guide for management of a timber harvest landscapes. It has been suggested
as the best compromise between dispersed and aggregated cutting patterns.
Simulation of natural disturbance templates in Oregon have produced an
increase in late successional habitat, overstorey structure in young stands,
larger patches of interior forest, and less edge between young and old forest
types over traditional dispersed and aggregated cutting patterns (Cissel et al.
1999).
Cumming et al. (1996) described the landscape of the boreal forest as having
“multi-scaled heterogeneity” created by different processes operating at
different temporal and spatial scales. Much of this complexity is created by
episodic, overlapping large wildfires (Turner & Romme 1994). These
wildfires burn large areas but also leave large areas unburned both as
peninsular residuals (see Ontario Ministry of Natural Resources 2001) and
island residuals (see Eberhart & Woodard 1987). The resultant landscape is a
mosaic of burned and unburned areas creating a complex assortment of cooccurring seral stages. Due to the disproportionately high impact of a few
large wildfires and peaks in wildfire years, relatively large areas tend to be
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dominated by a single seral stage. This pattern is broken up by numerous
unburned patches.
Despite a large body of work in
translating wildfire patterns
into timber harvest, relatively
few parameters have been
implemented.

Of the parameters that have
been implemented, increases in
cutblock size and leaving of
trees after cutting (residuals)
are the most controversial.

The spatial scale of individual
cutblocks is too small to be
considered analogous to
wildfires. Efforts to increase
their size are likely to meet
social constraints resulting in
cutblock sizes well below the
size distribution of wildfires.

Successional processes also
alter the landscape after the
initial disturbance pattern. As
stands age, differences in stand
height, structure, and biotic
communities created by
different initiation times
become less dramatic. In
effect, edges become less
different.
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A number of studies have translated the structures and patterns left by wildfire
as templates for timber harvest in sub-boreal and boreal forests (e.g. AlbertaPacific Forest Industries 1996, British Columbia Ministry of Forests 1995,
Delong & Tanner 1996, Stuart-Smith & Hendry 1998, Ontario Ministry of
Natural Resources 1997, 2001). To date, this translation has primarily resulted
in four changes to timber harvest:
1. Utilization of natural stand boundaries
2. Extension on the upper size restriction of cutblocks1, i.e. larger
cutblocks
3. Replacement of two- and three pass logging systems with single-pass
logging
4. Retention of live residual trees within the cutblock
Of these practices, the creation of larger cutblocks and the retention of live
trees within cutblocks have received the most attention and debate. As an
example, Ontario Ministry of Forests (2001) has implemented guidelines that
support cutblocks greater than 260 ha. Their argument focused their use to
produce a complex mosaic pattern. They also recognized the retention of live
trees as part of this emulation and to break the structural uniformity created by
clearcutting and regeneration to a single uniform seral stage. In response, a
number of scientists and organizations have come out against larger cutblocks
(>260 ha) (e.g. Wildlands League 2001). Instead, some organizations suggest
that smaller cutblocks with relatively high levels of retention (>25%) are
appropriate for forest management. These conflicts have lead to vigorous and
sometimes acrimonious debate.
It is unclear how implementation of larger single cutblocks will lead to
landscapes that resemble a natural pattern created by wildfire. In Alberta,
wildfires <1,000 ha are numerically the most common (Figure 13.1),
however, these only burn about 5% of the landbase in any decade (Figure
13.2). Less frequent larger wildfires account for the greatest area burned.
Even with current extensions to larger cutblocks, i.e. ~1000s ha, it is unlikely
that managers will achieve the emulation of large wildfires that create
landscape patterns in the boreal forest. Furthermore, the retention of live trees
under a natural disturbance-succession or any other management strategy
should be extended from within cutblocks to larger spatial scales, i.e. whole
polygon patches.
A second but equally important factor is the modification to landscape pattern
created by successional changes. Though polygons are often separated on the
basis of time since disturbance, differences between stands decrease as they
age. As an example, structural differences between stands 10 years apart when
one stand is 1 year-old and the neighbouring stand is 11 years are much
greater than stands that are 80 and 90 years old. Boundaries between older
adjacent stands fade as structural and biotic differences decline. One effect is
1

Cutblock refers to a single contiguous area harvested in a single year for timber
resources.
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Figure 13.1 Mean numbers of wildfires per decade (S.D.) in Alberta from 1960 to 1999 in
different size classes. Size classes (ha): 1 = <1000; 2 = 1,001 to 5,000; 3 = 5,001 to 10,000; 4 =
10,001 to 25,000; 5 = 25,001 to 50,000; 6 = 50,001 to 75,000; 7 = 75,001 to 100,000; 8 =
100,001 to 125,000; 9 = 125,001 to 150,000; 10 = >150,001. Based on the Alberta Lands and
Forest fire database (Alberta Land and Forest Service 2000).

10

Size Classes
Figure 13.2 A double graph of the % area burned (bars) and cumulative % area burned
(line) based on pooling of data by decade (1960 to 1999). Size classes (ha): 1 = <1000; 2 =
1,001 to 5,000; 3 = 5,001 to 10,000; 4 = 10,001 to 25,000; 5 = 25,001 to 50,000; 6 = 50,001 to
75,000; 7 = 75,001 to 100,000; 8 = 100,001 to 125,000; 9 = 125,001 to 150,000; 10 =
>150,001. Based on the Alberta Lands and Forest fire database (Alberta Land and Forest
Service 2000).
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Table 13.1
Percentages of different sized planning units dispersed over a range of
timber productive landbases (Forest Management Areas). The total area (approximate
number of units) is given for each planning unit size class. The distribution of
planning units is directly based on the distribution of wildfires from 1965 to 1999 for
boreal Alberta. The table was built with an assumption of even timber flow over an
80-year rotation age. The maximum planning area is limited by the removal of 10
years wood supply from a single planning unit. Percentages of areas less or greater
than these size classes were re-distributed over the smallest and largest planning units,
respectively.

Planning Unit
Size Classes (ha)

Total Forest Management Area (ha)
% of
Landbase

1,000-5,000

7.2

5,001-10,000

6.0

10,001-25,000

11.5

25,001-50,000

8.4

50,001-75,000

8.9

75,001-100,000

7.9

100,001-125,000

50.1

250,000
18,011
(6)
14,971
(2)
28,867
(2)
128,203
(3 to 5)

500,000
36,022
(12)
29,942
(4)
57,735
(3)
41,976
(1)
334,325
(4 to 7)

750,000
54,034
(18)
44,913
(6)
86,602
(5)
62,964
(2)
66,554
(1)
434,933
(4 to 6)

1,000,000
72,045
(24)
59,884
(8)
115,469
(7)
83,953
(2 to 3)
88,738
(1)
79,026
(1)
500,885
(4 to 5)

to create larger patches with time since disturbance creating shifts in
landscape metrics such as edge, patchiness, patch size, connectivity, and
fragmentation. It is worthwhile to assess a landscape and group patches
according to ecologically defined seral stages rather than evenly-spaced time
increments.

This chapter presents a natural
disturbance-succession
approach to planning
landscape units and residuals
within those planning units.

Though the previous chapters in this report focus on spatial scales at or below
the polygon-level, natural residual patches exhibit a continuous distribution
from inblock2 structures to multiple patches over the landscape. Examining
spatial scales that correspond to a single polygon, i.e. 2 to 500 ha, provides
only a partial view to the management and impact of live residuals. We will
extend the application of a disturbance-succession template to larger spatial
scales that correspond to the range of wildfires and the range of residual sizes
from small inblock residuals to polygon-sized residuals. This chapter focuses
on a top-down, spatially hierarchical approach to the application of natural
disturbance-succession templates for leaving treed residuals over a postharvest landscape. We evaluate data from a number of different sources and
suggest guidelines for the landscape planning.
2
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Inblock refers to any element found within a cutblock.
13-4

NATURAL DISTURBANCE-SUCCESSION TEMPLATE

Planning Unit Sizes and Shapes
The primary design objective is
to divide the harvest landbase
into planning units that are
similar in size and residual
structure to wildfires.

Based solely on the size
distribution of wildfires,
landscape planning units can
vary between a few trees to
400,000 ha. About 70% of the
landbase in Alberta is burned
by wildfires between 5,000 to
150,000 ha.

There is no ideal planning unit
size. Smaller units will be
numerically more dominant
while large units will cover
most of the landbase.

The objective in landscape planning according to a natural disturbancesuccession template is to partition the total timber harvest landbase into
planning units which retain a seral distribution and spatial scale similar to
wildfires. Each unit is composed of a group of similar-aged polygons that
when harvested create a relatively large area dominated by a single seral stage
but interspersed with older residuals. We recommend that harvesting of
polygons within a planning unit occur over a relatively short period of time,
i.e. 10 years. This is the shortest seral stage, i.e. initiation phase, within a
successional trajectory of forest types in the boreal forest (see Chapter 3).
Over this period, harvesting will focus on producing an array of residuals that
emulates the pattern left after wildfires. The sizes of planning units are
dependent upon the natural dispersion of merchantable polygons, even timber
flow, rotation age, and the conformity of planning units to a shape index. The
greater the amount of spatially continuous merchantable timber, the larger the
planning area but even timber flow and rotation age will limit the amount of
wood accessed over a ten year period.
In translating the sizes of wildfires into planning units, the current data
suggests a wide range of sizes is possible. In Alberta, wildfires range from
single trees to thousands of hectares (Figure 13.1). The overall distribution of
wildfires in the last four decades exhibits a reversed J-distribution (Figure
13.1). That is, there are many smaller wildfires and relatively fewer large
wildfires. The largest wildfire recorded in the last four decades was 409,460
ha in 1981 (Alberta Land and Forest Provincial Fire database, record DA2066-81). Approximately 99% of wildfires were less than 1000 ha with only
0.077% of wildfires were greater than 10,000 ha. This contrasts markedly
with the pattern for area burned. Wildfires >1,000 ha were responsible for
>95% of the area burned (Figure 13.2). About 70% of the area burned was
due to moderately large wildfires between 5,000 ha and 150,000 ha. A few,
very large wildfires (n=5) account for 25% of the area burned over the last
four decades.
The wildfire data suggests there is no “ideal” planning unit size. If planning
units follow the size distribution of wildfires then there should be many
smaller units and a few larger units. However, larger units will account for
most of the area of the total timber management area. We set the lower range
of this pattern by logistic constraints. Planning units smaller than 1,000 ha
begin to overlap in structure with large cutblocks. Furthermore, it is difficult
to justify the ecological and economic costs of building roads for smaller
planning units. On the other hand, smaller planning units are useful for
incorporating upland areas isolated from the other areas by wetland
complexes or co-planning with energy sector developments. Both are
common to boreal Alberta.
The upper size range for planning units is dependent upon the overall size of
the timber management area and the necessity for an even timber harvest over
time. Although the presence of very large wildfires would suggest that
similarly large planning units could be warranted, the size of the largest
planning unit cannot exceed the total area harvested over a ten-year period
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The maximum size of planning
units is constrained by the size
of the total area available for
dispersion of merchantable
seral stages, social constraints,
harvest (e.g. Forest
Management Agreements in
Alberta), rotation age, and
even timber flow.

About 2-11% of residuals are
completely bounded by the
edges of the wildfire. However,
there is a lack of data from
very large wildfires.

while respecting an even flow of timber. As an example, if even flow
management constrained harvest to 10,000 ha per year for the entire timber
management area, the corresponding maximum size of a planning unit would
be 100,000 ha. A larger planning unit would result in an accelerated harvest
and a subsequent shortfall of timber later in the rotation. Accordingly, harvest
needs to be balanced between planning units of different sizes when accessing
more than one planning unit at a time.
Residual Targets Within a Planning Unit
The objective of this section is to determine the number and area of residuals
left on the post-harvest planning unit. Within wildfires, residuals include the
full spectrum of landbase types from anthropogenic to non-forested to timber
productive. For this analysis, we have restricted the translation of wildfire
patterns to the timber productive landbase. Though it is possible that residuals
on the non-timber productive landbase can provide habitats for forestdwelling species, it is unlikely that non-treed habitats would serve as a longterm substitute for a treed habitat. Furthermore, live residuals from wildfires
may span the full range of stand ages. In order to maintain the separation
between the current cohort produced by timber harvest and residual structures
over the landscape, we will only consider live residuals greater than 25 years
old.
Generally, the amount of live residuals remaining after wildfires was <20% of
the pre-burn area. Gasaway and Dubois (1985) discovered that 15% of the
landbase in a large wildfire in Alaska (50,000 ha) was unburned. Smyth and
Lee (2001) reported 12% for a 36,000 ha burn in the western boreal and lower
foothills of Alberta. In an examination of 42 wildfires varying from 54 to
52,722 ha, Ontario Ministry of Forests (1997) found a range of 2 to 10%
island residuals after wildfires. It is unclear whether this study detected a
change in the percent residuals with wildfire size. In two separate studies of
Alberta’s boreal forest, Eberhart and Woodard (1987) and Smyth (1999)
found that the amount of residuals increased with the size of the wildfire.
Wildfires larger than 10,000 ha had ~5.2% unburned residuals while wildfires
less than 200 ha retained less than 1.2 % residuals (Eberhart & Woodard
1987).
There is a shortfall of data on residuals for very large wildfires, i.e. >50,000
ha. The best solution is to collect more data on larger wildfires. An interim
solution is to use the relationships developed with smaller wildfires to
estimate the amount of residuals in larger wildfires. There is a risk that larger
wildfires (>50,000 ha) have different processes that retain less or more
residuals than smaller wildfires. However, both the Eberhart and Woodard
(1987) and Smyth (1999) indicated that increases in the percentage of wildfire
tended to level off with larger wildfires (Table 13.2). Again, more data from
larger wildfires should be collected to further test this phenomena. Given the
potential uncertainty in the amount of residuals in large wildfires, we
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Table 13.2
The percentage and area of residuals for different-sized planning
units. Percent residuals were extrapolated from the Eberhart (1986) dataset corrected
to include an estimate of smaller sized residuals.
Planning Unit (ha)*
1,000-5,000
5,000-10,000
10,000-25,000
25,000-50,000
50,000-75,000
75,000-100,000
100,000-125,000

% Residual
5.6
7.3
8.0
9.0
9.7
10.1
10.4

Residual (ha)
56
366
803
2,245
4,850
7,591
10,420

extrapolated3 the values from the most conservative dataset, i.e. greatest
residuals, (Eberhart & Woodard 1987) to derive estimates for percent of
residuals in larger planning units (Table 13.2). The amount of residuals varied
from 5.6 to 10.8% for planning units varying from 5,000 to 175,000 ha.

Residuals provide structure to
the planning unit. They do not
necessarily represent long-term
deletions from the landbase.
They may be harvested on a
subsequent rotation or near the
end of the current rotation.
The primary objective is to
retain a continuous supply of
structure over the landbase.

It is important to note that neither inblock nor polygon-sized residuals
represent long-term deletions from timber harvest. This distinguishes them
from spatially static residual patches such as old growth or riparian buffers.
All residual polygons can be harvested after the planning unit has returned to
a mature stage, i.e. >80 years. This ensures a continued presence of structure
within the planning unit. In all likelihood, the harvest of residuals will be
largely restricted to polygon-sized elements since extraction of inblock
residuals is liable to be uneconomic. These inblock residuals may be
harvested when the rest of the polygon is sufficiently old to harvest, thus
reducing the need to expand the road network to access previously isolated
stands.
Number and size distribution of residuals

The size distribution of
residuals is skewed right with a
peak (by total area) at sizes
between 1.1 to 5 ha.

In order to determine the size distribution of residuals within the planning
unit, we used data from Smyth (1999) and Smyth and Lee (2001). Both
studies mapped the distribution of residuals (n=222) after wildfires (n=7) in
the boreal forest. The data exhibited a skewed right distribution for both the
frequency of residuals and the percent of the total residual area (Table 13.3).
The smallest size class of residuals was less than 0.1 ha. The largest category
was for polygons greater than 80 ha. The largest size category by numbers of
residuals were those between 0.11 and 1 ha in size while the most abundant
were those between 1.1 and 5 ha in size. Delong and Tanner (1996) found that
polygons between 2 to 5 ha were the most abundant residuals in wildfires
greater than 1000 ha in sub-boreal spruce forests of British Columbia.

3
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The relationship between wildfire size and % residuals:
% residuals = -1.53 + 2.39 x log (planning area (ha))
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Table 13.3
The frequency distribution of residual classes in numbers of residual
islands and total area of residuals. Also listed are the likely locations within the
planning unit for placement of residuals and the primary implementation method.

% of
Residual
Number

% of
Residual
Area

0.11-1

17.7
53.8

0.7
11.3

1.1-5

20.7

25.5

5.1-10

4.5

18.0

10.1-20

2.0

16.0

20.1-40

0.7

10.4

Size Class

<0.1
(~single trees)

Residual Location

Primary Planning Tool

within cutblock
within cutblock
within medium to
large cutblocks
within large to very
large cutblocks; small
polygons
within very large
cutblocks; small
polygons
within very large
cutblocks; polygons

logger’s choice
logger’s choice
logger’s choice;
designed into cutblock
designed into
cutblock; planned in
harvest sequence
designed into
cutblock; planned in
harvest sequence
designed into
cutblock; planned in
harvest sequence
designed into
cutblock; planned in
harvest sequence
designed into
cutblock; planned in
harvest sequence
designed into
cutblock; planned in
harvest sequence

within very large
cutblocks; polygons
40.1-60

0.2

8.3
within very large
cutblocks; polygons

60.1-80

0.2

6.4
within very large
cutblocks; polygons

>80

0.1

3.5

In terms of implementation, it is worthwhile to distinguish between residuals
that will be left as inblock patches and those which will be left as whole
polygons. For this analysis, a speculative criterium has been set at 5 ha.
Residuals larger than 5 ha would be left as whole polygons while those
smaller would be left as inblock residuals. Using this criteria, ~91% of
residuals are found within blocks (Table 13.2). These smaller residuals
account for ~38% of the residual area. Polygon-sized residuals numerically
only account for 9% of the number of residuals, but because of their larger
size, they account for 62% of the area of residuals. In practice, these
percentages will vary depending upon the criteria set by operators for
determining inblock and polygon-sized residuals. Using other criterion will
result in different percentages of inblock and polygon residuals. The
important feature is to leave a relatively specific distribution of residual sizes
after the entire planning unit is harvested. Using the total target values for all
residuals and their size distribution, we can derive the appropriate area and
size distribution of residuals for different planning unit sizes (Table 13.4).
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503
(33)

229
(15)

Estimated Whole
Polygon Residuals
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301
(283)

137
(129)

Estimated Inblock
Residuals

Total

>80

60.1-80

40.1-60

20.1-40

10.1-20

5.1-10

1.1-5

0.11-1

0-0.1

10,000
5
(53)
90
(163)
205
(67)
145
(19)
128
(9)
83
(3)
67
(1)
80
(1)
0
(0)
804
(316)

5,000
2
(24)
41
(74)
93
(31)
66
(9)
58
(4)
55
(2)
50
(1)
0
(0)
0
(0)
366
(144)

Residual Size
Classes (ha)

13-9

1,406
(92)

841
(791)

25,000
15
(148)
253
(456)
573
(188)
405
(54)
359
(24)
233
(8)
186
(4)
223
(3)
0
(0)
2,247
(883)

3,038
(199)

1,816
(1,709)

4,755
(311)

2,842
(2,675)

Planning Area Size (ha)
50,000
75,000
32
50
(319)
(499)
546
855
(985)
(1,541)
1,238
1,937
(406)
(635)
875
1,370
(116)
(181)
775
1,213
(51)
(81)
504
788
(17)
(26)
403
630
(8)
(13)
310
486
(4)
(7)
171
268
(2)
(3)
4,854
7,597
(1,908)
(2,986)

6,527
(427)

3,901
(3,672)

100,000
69
(685)
1,174
(2,115)
2,659
(872)
1,880
(249)
1,665
(111)
1,082
(36)
865
(17)
667
(10)
367
(4)
10,428
(4,099)

8,340
(545)

4,985
(4,693)

125,000
88
(876)
1,500
(2,703)
3,397
(1,114)
2,403
(318)
2,128
(141)
1,383
(46)
1,105
(22)
852
(12)
470
(5)
13,325
(5,238)

Table 13.4
Total area (ha) in each size class of residuals for different-sized planning units and (the approximate number of residual islands). The total area
and (estimated number) of inblock (<5 ha) and whole polygon (>5 ha) residuals are listed at the bottom of the table. Values were based distributing the total
residual area (Table 13.2) for each planning unit by the size distribution of residuals (Table 13.3).
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OVERSTOREY TYPES FOR RESIDUALS

Much of the current data on
whether residuals are biased in
composition towards fireresistant species, e.g. aspen, is
contradictory. At this time, we
make no recommendations
toward leaving
disproportionately more of
deciduous species in residual
patches.

A review of current research is somewhat contradictory as to whether
wildfires leave disproportionately more of one overstorey type than another
type. Eberhart (1986) found no differences between the distribution of percent
area disturbed, number of unburned islands per 100 ha, and median island
area among pre-burn vegetation types for wildfires throughout central and
northern Alberta. These types included: deciduous forest, mixedwood, white
spruce/pine, black spruce, lowland openings, and upland openings. In
contrast, the detailed analysis of a single large wildfire exhibited that the
amount of residuals for different pre-burn overstorey types varied according
to overstorey type (Smyth & Lee 2001). Pre-burn mixedwood overstories of
aspen and a conifer species (white spruce, upland black spruce, or jack pine)
exhibited very high percentages of residuals, (~34%) while conifer stands
(white spruce, jack pines, black spruce, and mixed conifers) were 4 to 7%.
Aspen was intermediate leaving about 11% residuals. Smyth (1999) examined
residuals remaining in individual aspen polygons (N = 168; 10 to >60 ha)
after wildfire. They found highly variable amounts of residuals in each
polygon but that mean values were relatively high ranging from 13% for
small polygons (<10 ha) to 37% for large polygons (>60 ha). These types of
results would suggest that aspen and mixedwoods would be left
approximately 2 to 6 times more than conifers depending upon the
combination of polygon size and wildfire size.
A number of sources have suggested using combustibility as a proxy for
leaving disproportionate amounts of residuals from different canopy types.
Cumming (2001) demonstrated that aspen and deciduous stands in general,
burn at lower rates than either white or black spruce stands. On the basis of
combustibility, the number and area of residuals should decline with
increasing amounts of conifers in the canopy (e.g. Brown & Simmerman
1986). Following this logic, the Ontario Ministry of Natural Resources (2001)
recommended that the percentage of residual area range from 10% for upland
conifers (jack pine, spruces, and balsam fir) to 36% for intolerant hardwoods
(aspen and balsam poplar).
In part, these contrasts in study results may reflect differences between the
outcomes of single wildfires compared to pooling results from many
wildfires. Combustion of fuels within a laboratory setting, controlled field
burn, or a single wildfire may exhibit a relatively predictable pattern, i.e.
deciduous burning less than conifer. However, large wildfires are subject to a
large number of variables that influence wildfire behaviour including
meteorological conditions, topographic conditions, and spatial relationships
between fuel types. This is further compounded by the longer time period that
large fires are active. These factors combined may take precedence over
combustibility of fuels, or at least distort the pattern of combustion. As an
example, Bessie and Johnson (1995) demonstrated that 85% of the variation
in wildfire behaviour could be explained by meteorological variables and that
terrain and vegetation explained only relatively small amounts of variation
within large wildfires. Similarly, Smyth and Lee (2001) demonstrated that
aspen was significantly less likely to burn than other overstorey types,
however, the predictability, i.e. variation explained, was small (>7%).
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Given the conflicting nature of the current research, we conclude that a strong
recommendation to leave different proportions of residuals depending on
overstorey type is not warranted at this time. Residuals could be left in
proportion to their representation on the landbase. Without further clarifying
research, the ecological signal does not appear strong enough to be
consistently applied as a management guideline.
SPATIAL DISTRIBUTION WITHIN A PLANNING UNIT
There is relatively little data on
the spatial pattern of residuals.
A few studies suggest they are
clumped. At this time, we make
on recommendations on the
spatial distribution of residuals
left after harvest.

There is relatively little data on the spatial distribution of residuals within
wildfires. In one of the few studies in the boreal, the spatial pattern of
residuals was found to be clustered (Eberhart & Woodard 1987). The percent
residual area and number of residual islands per 100 ha were much greater
within concentric circles of 100, 200, 300, 400 and 500 metres around other
residuals. In practice, the distribution of residuals within a planning unit is
likely to be determined by the availability of appropriate sized polygons to
enclose inblock residuals and the suitability of whole polygon residuals.
Where possible it may be advantageous to cluster residuals but this may be
restricted upon fulfilling adequate amounts and size distributions of residuals.
LOGGERS’ CHOICE GUIDELINES FOR SELECTION OF INBLOCK
RESIDUALS

Approximately, 40% of the
target residuals should be left
within cutblocks. These would
follow operator’s guidelines
varying in size and spatial
pattern. These should be left in
a windfirm pattern.
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Residuals <5 ha should be left within polygons. These residuals are selected at
the discretion of the operator. We suggest the following guidelines for
implementation.
1. The amounts of residuals within polygons are an extension of the
planning unit targets. Inblock residuals (<5 ha) form 37% of the total
area of residuals within a planning unit. For small planning units
(5,000 to 25,000 ha) a mean of 3% of the merchantable timber within
each block should be left as residual materials (Table 13.5). For larger
planning units, a mean of 4% should be left as residuals within
cutblocks (Table 13.5). However, the overall planning unit targets for
residuals takes precedence over all guidelines for individual polygons.
2. Residuals should be dispersed from single trees to large patches.
Table 13.5 provides general guidelines for the total area and numbers
of different-sized residuals. A general rule of thumb is that a quarter
of the area of residuals are to be left as small patches (<0.1 ha), half
the area in medium sized patches (0.11 ha to 1 ha), and the last
quarter as large patches (1 to 5 ha).
3. Residuals do not necessarily need to have the same type of overstorey
as the preburn polygon classification. Often the secondary or tertiary
overstorey species are the dominant species in residuals (Table 13.6).
Approximately 62% of residuals (by number) retain the same
dominant overstorey type as the pre-burn polygon while ~38% of
residuals are a different designation than the pre-burn polygon (Smyth
& Lee 2001).
4. As much as possible, residual materials should be selected to be
wind-firm (Table 13.7).
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0.3

Total
Residual
Area (ha)

<10

Cutblock Sizes (ha)
<0.1
0.3
(3)
0.2
(2)
0.5
(5)
0.9
(9)
1.7
(17)
2.9
(29)
4.1
(41)
5.2
(52)

0.11 to 1
0
(0)
0.8
(1)
1.9
(3)
3.6
(5)
5.3
(11)
8.8
(18)
12.3
(25)
15.8
(32)
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Small Planning Units
Residual Patch Sizes (ha)
1.1 to 5
0
(0)
0
(0)
0
(0)
0
(0)
2
(1)
3.3
(1)
4.7
(2)
6
(2)
36.0

28.0

20.0

12.0

6.0

3.2

1.4

0.4

Total
Residual
Area (ha)
<0.1
0.4
(4)
0.4
(4)
0.6
(6)
1.2
(12)
2.3
(23)
3.9
(39)
5.4
(54)
7
(70)

0.11 to 1
0
(0)
1
(2)
2.6
(4)
4.8
(7)
7
(14)
12
(23)
16
(33)
21
(42)

Large Planning Units
Residual Patch Sizes (ha)
1.1 to 5
0
(0)
0
(0)
0
(0)
0
(0)
2.7
(1)
4.1
(2)
5.6
(2)
8
(3)

Table 13.5
Total area and size class distributions of residual patches within cutblocks. Inblock residuals for small planning units, 5,000 to 25,000 ha, should
total 3% while planning units >25,000 ha should total 4%. Guidelines for partitioning of the total residual area into patches of different sizes are also presented
(number of patches).
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Table 13.6
Percent change of pre-burn polygon overstorey classification as
detected by re-classification of residuals. All vegetation classifications are based on
Alberta Vegetation Inventory Classification. Based on data from Smyth and Lee
2001.

Comparison of Residual Overstorey types with Pre-fire
Polygon Overstorey
Residual with the same dominant overstorey type as the preburn polygon
Residual with dominant vegetation same as second leading
species of pre-fire polygon
Residual with dominant vegetation same as third leading
species of pre-fire polygon
Residual with dominant vegetation different than first, second
or third leading species of pre-fire polygon

% of
Residuals
62.4%
12.0%
3.0%
22.6%

Table 13.7
General cutblock and residual patch design principles that reduce the
probability of windthrow.

Design Principle
Large patches (>0.60 ha) are more
windfirm than smaller patches
Patches closer to the edge are more
windfirm than those in the interior of
the cutover
Deciduous trees particularly aspen are
more windfirm than conifer trees
Moderately high densities of trees
within patches are more windfirm
than lower or extremely high densities
of trees
Patches parallel to the dominant
winds are more windfirm than those
perpendicular to the dominant winds
Vertically and horizontally feathered
edges are more windfirm than abrupt,
straight edges
Smaller, younger trees are more
windfirm than older, taller trees
Mesic soils are more windfirm than
xeric or hydric soils
Deep till soils are more windfirm than
shallow till or rocky soils
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5. Inblock residuals should be clumped towards the west and northwest
side of cutblocks (the direction of predominant winds) rather than
dispersed evenly through the block. The clumped pattern of residuals
provides added wind firmness and a similar pattern to wildfires.
DISCUSSION

A number of technical
difficulties such as limited
number of datasets, degree of
fire suppression, timber
salvage, and relatively short
time of recorded data, all make
translation of wildfire patterns
to harvest relatively difficult.

The results of this chapter underscore the difficulties in translating the pattern
left by wildfires into practical guidelines for landscape planning. Some
parameters such as the percentage of unburned residuals and their size
distributions are relatively well known but could use more data from larger
wildfires, i.e. >50,000 ha. Other parameters such as the spatial distribution of
residuals and their correlation to topographic and overstorey types have
proven more difficult to develop into harvesting guidelines. Smaller scale and
mechanism studies are able to predict relationships between these parameters
and presence of unburned residuals, however, the landscape data is less
compelling. With the current knowledge base, it is difficult to develop more
specific guidelines on features such as topography and overstorey type. These
areas represent gaps in the knowledge-base which needs further research.
In part, the lack of studies is the result of limited datasets available for
research. In boreal Alberta, reliable datasets that provide details on residuals
patterns are restricted to a period between the mid-1950’s to the mid-1980’s.
Prior to this period, the availability of high resolution, aerial photography and
accurate fire maps hinders attempts to resolve post-fire patterns. After this
period, salvage logging of both burned and unburned timber distorts the
patterns of residuals. Currently, almost all larger wildfires are at least partially
salvaged. Examination of unsalvaged portions may produce specious results
because the rationale for salvaging or not salvaging areas may be related to
the amount of merchantable timber. Hence, these results will bias resultant
patterns. A greater number of wildfires within this time period should be
examined. Although this would not increase our knowledge of temporal
variation, it would provide a greater understanding of long-term spatial
variation.
The patterns reported in this paper were derived from wildfires occurring
within the last 30 years. These patterns are not purely natural, in terms of
being started by lightening and being allowed to run their course until
extinguished by a change in meteorological conditions. In the boreal
landscape, a number of man-made features may intercede in this natural
trajectory. These include anthopogenic ignition sources (Murphy 1985, Weir
& Johnson 1998); fragmentation of fuels (Alexander & Maffey 1993), and
fire suppression efforts (Quintilio et al. 1991). Indeed, it is unlikely that a
wholly natural pattern of residuals exists within Alberta. The question then
becomes whether the patterns that currently exist are still sufficiently natural
to derive information that will aid in the long-term sustainability of
biodiversity. In the case of residuals, this pertains to information about
configuration, edges, patch size, and age class distribution. It is unknown how
anthropogenic factors have altered the natural wildfire patterns.
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This template was based on data from the last forty years. If it this template
could not sustain viable populations, then we should have seen losses in
species due to this landscape patterns over the last forty years. There have
been no recorded losses attributed to landscape patterns. Hence, using this
pattern as a template seems warranted. The logic of this argument extends to
riparian areas and old seral reserves. That is, are the parameters, e.g. size,
spatial distribution, amounts, of these sufficiently natural to sustain viable
populations. In the short term, we believe so but as the surrounding landscape
changes and the new disturbances are introduced assessment through research
and monitoring are required. For the boreal forest, the ability to develop
guidelines for timber harvest requires an understanding of wildfire patterns
and successional development.

The landscape plan should be
applied across at all spatial
scales rather than a selective
application at either the
smaller (inblock) or larger
scales.

The outlined strategy should be applied in its entirety particularly the planning
unit targets for residuals. The size distributions and inblock guidelines are
aids to integrating residuals with harvest planning and operations and for
achieving residual patterns on the landscape. Partial application, such as only
applying the inblock guidelines, will result in lower amounts of residuals on
the landscape and defeat the purpose of an integrated strategy. As an example,
applying only guidelines for cutblocks would justify leaving a lower
percentage of residuals. Clearly, this would be an application out of context.
Also, selective application will not produce the desired contiguous landscape
pattern of boundaries, residuals, and stand ages.
UNDERLYING ASSUMPTIONS

A number of significant
differences exist between
harvest and wildfires. It is
unclear whether the pattern
produced by harvest retains
enough similarities to wildfire
to maintain the same
ecological properties.

Clearly, timber harvest does not directly “mimic” wildfires either at the
polygon or landscape scale. The benefits to biota in using a wildfire template
for some aspects of timber management depend upon the magnitude of
differences between wildfires and timber harvest for the parameter of interest.
Some differences between timber harvest and wildfires are obvious
immediately after disturbance and for some features, such as deadwood
resources, (e.g. Sippola et al. 1998, Siitonen et al. 2000) may last well into
stand development. Other parameters such as stand edges, patch sizes, and
age class structure left by wildfires may be easier to produce over the timber
harvest landscape. In general, the legacies created immediately after wildfires
exhibit the greatest differences with timber harvest (Lee (editor) 1999). At
larger spatial scales, wildfires occur at much smaller and larger sizes, overlap
with previous wildfires vary greatly in their dispersion of residuals and occur
over ecologically very short time intervals than harvest practices.
Given these differences, harvesting can approximate relatively few variables.
Application of a wildfire pattern to timber harvest landscapes increases the
heterogeneity over traditional harvest planning and potentially maintains
some of the natural edges, patch sizes, and age heterogeneity. Aside from the
process and pattern differences, timber harvest has a number of economic and
social factors which constrain the landscape pattern. These include; 1) even
supply of timber and other resources from the landscape, 2) limits on the
smallest and largest cutblock sizes, and 3) transportation networks. The utility
of wildfire templates for management of biotic resources will depend on
whether the differences between wildfire and harvest are so overwhelming
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that all beneficial effects created by wildfire-patterned harvest are swamped
by their differences. In part, the answer depends on the seral stage. Early seral
stages are likely to exhibit larger differences than later stages, hence, the
benefits may not be apparent until later in development. Also, the test for
utility not only lies in comparison with wildfire patterns but also lies in
comparisons to the types of landscapes created by other planning criteria.

Timber harvest is not an
ecological substitute for
wildfires. The management
objective is to leave a more
natural pattern over the
landscape harvested.

The importance of understanding and answering these questions is
underscored by the fact that over the last decade (1990 to 1999) timber
harvest exceeded wildfire for the first time (see Chapter 2). Again, the
question isn’t whether harvest is a substitute for wildfires. Clearly, it is not.
The question is what pattern do we leave over the portion (~50%) of the
timber productive landscape that is harvested. To this end, we believe that the
patterns remaining after wildfires offer a good starting point for establishing
landscape amounts and distributions of residual materials. The extent to which
we have selected variables (e.g. patch size, total amount of residual, age class
distribution) that are key factors for biodiversity in the boreal forest remains
only a partially answered. Further research and continued monitoring on the
impacts of these parameters on biodiversity in a harvest setting is required.
INTEGRATING WITH OTHER CONSERVATION STRATEGIES

Variable retention in a wildfire
template is one of a number of
residual strategies. Green tree
retention for old growth and
riparian zones are others.
There is the potential for
integrating all these residual
strategies.
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A number of studies strongly demonstrate the benefits of leaving residuals for
biodiversity (reviewed in Steeger et al. 1999). It remains an open question
whether the use of the natural disturbance-succession template performs better
at the long-term maintenance of biodiversity than other strategies that also
leave residuals. Old growth, riparian zone, targeted species (e.g. ungulates),
and endangered species management all leave residuals dispersed over the
landscape. Presumably, species or resources other than those directly targeted
will also benefit from these residuals. Unlike these residual strategies, the
natural disturbance-succession template does not have a direct goal of
maintaining or protecting a target species or community. It focuses on the
production of a particular type of habitat and landscape. The untested
hypothesis is that it provides a heterogeneous landscape that benefits many
species. Given the wide range of residual patch types and sizes offered by
emulating natural disturbance-succession, it is likely that some residuals will
overlap with other fine-filter strategies that require a only a portion of residual
patches.
Given the potential overlapping utility of leaving live materials after harvest
for biodiversity, it may be desirable to integrate residual strategies. In
particular, most jurisdictions mandate riparian management zones (RMZ) and
old growth management zones (OGMZ). Both these practices retain a portion
of the pre-harvest timber on the landbase. However, these residuals are
targeted for specific landscape features. Boreal riparian management zones
typically retain 2-3% of the streamside and lakeside landbase in post-harvest
residuals (unpubl. data). Similarly, area set aside for old growth (>120 years)
varies from 3 to 6% (unpubl. data). Aside from biases in their distribution on
the landscape, another major difference between residuals used in natural
disturbance-succession template and riparian and old growth management
zones are their long-term fates. Both RMZ and OGMZ are permanent
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residuals. In contrast, residuals from the natural disturbance-succession
template have their harvest deferred. Polygon residuals could be a minimum
105 years (if polygons were >25 years at the time of first harvest and the
rotation length was 80 years) at the time of harvest while inblock residuals
would be a minimum of 160 years (if the stand was 80 years-old at the time of
harvest). In naturally fire-dominated systems such as the boreal forest, some
old-growth characteristics can accrue within this period (Stelfox 1995). Under
a natural disturbance-succession template, the location of old seral stages
would be temporally dynamic rather than static.
A number of options exist to integrate these different residual strategies. The
simplest would be to keep these strategies as separate management options.
Even though ecologically, these residuals have overlapping ecological
consequences, their primary management objectives are different. Separate
strategies would optimize each of those management objectives with little
regard for overlapping ecological effects. A second option would be to
recognize the overlapping ecological benefits and integrate all residual
strategies. Residuals from long-term set aside for RMZ’s and OGMZ’s would
be counted as a portion of the total residuals within a planning unit. In this
case, RMZ’s, would likely be inblock residuals while OGMZ’s would likely
be whole polygon residuals. Inclusion of the retained patches for these
strategies would account for most of the residuals over a planning unit.
Combined residuals for these strategies could be as high as 6-8% depending
upon the network of riparian areas and stand ages. This would tie up most of
the residuals in a small planning unit while leaving 2 to 4% planned according
to wildfires in a larger planning unit. However, it is important to recognize
this type of integration requires a high degree of ecological overlap, i.e.
riparian areas must maintain many upland species. The degree of ecological
overlap for these different residual types would have to be assessed and redistributed over all residuals. For most species, this would require a reassessment of existing data or collection of new data.
A third more radical option is to emphasize the wildfire pattern with
considerations for the maintenance of RMZ’s and OGMZ’s as secondary
goals. The amount of residuals, their size distributions, and spatial placement
are based primarily on wildfire patterns. In the case, of RMZ’s this is a break
from the current guidelines on buffering of all eligible waterbodies. Rather,
timber harvest would leave a patchy rather than a continuous distribution of
buffers along some waterbodies (Smyth & Lee 2001). Furthermore, both
RMZ’s and OGMZ’s would be spatially dynamic rather fixed patches on the
landscape. Both would be eligible for harvest some time in the future and
could be derived from harvest rather than wildfire-origin polygons. This last
option is a radical break from the current social expectations of forestry and
may not be acceptable to some of the public, scientists, and managers.
ADAPTIVE MANAGEMENT
In this study, we have attempted to synthesize the available data and develop
a top-down approach to landscape planning based on natural landscape,
dominated by wildfires. As previously discussed in much of this chapter, there
is a dearth of knowledge in understanding and quantifying the differences
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It is unclear whether
biodiversity strategies based on
natural disturbance-succession
perform better than other
potential strategies. It is
important to develop
alternatives, simulate their
impacts over the landscape,
and to test these different
strategies against each other
based on biodiversity,
economic, and social metrics.

between the development of wildfire and harvest stands. In particular, the
early differences between these two types of succession could, if sufficiently
large, overwhelm any advantages of using a structured landscape of residuals
to produce significant benefits for biodiversity. On the other hand, greater
ranges of patch sizes, natural edge boundaries, and a spatially heterogeneous
distribution of residuals are likely to benefit biodiversity. These are untested
hypotheses. The large spatial and long temporal scale of design and
implementation suggests long-term experimentation through adaptive
management and monitoring are appropriate.
Given that there is probably no more acrimonious debate in forestry than the
use of natural disturbance-succession templates for timber management, we
believe that the unknowns for using wildfire templates are sufficiently large to
warrant their use on an active adaptive management basis only. Widespread
implementation is not warranted at this time. In particular, it is unclear
whether this type of landscape pattern performs better at the long-term
maintenance of biodiversity than traditional harvest or other biodiversitybased landscape patterns. We suggest a planned comparison of guidelines
based on different paradigms for landscape planning strategies. Initially,
different strategies should be simulated over a base landscape and accessed
over a set ecological, social, and economic metrics. Promising strategies
should be moved ahead to limited field implementation, i.e. a single planning
unit, for evaluation of field variables. A set of suitable field-collected
implementation and results metrics should be used to evaluate the relative
performance of each plan.
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