Background information on Species at Risk, Biodiversity and Wildlife for Forest Stewardship Planning. May 2016 
This is a brief summary (not comprehensive) of some information in support of Forest Stewardship Plan development for the Thompson Rivers District. 
Legal – Thompson Rivers District
Section 7 (FPPR) Notices 
Species at Risk
There are no Section 7 Notices for species at risk in the Thompson Rivers District. The Kamloops LRMP was expected to cover management for species at risk. There is a background document for the Thompson Rivers District provided for information. 

 “This Background Information document is provided to clarify objectives set by government for species at risk as a service to planners and decision makers when preparing and approving forest stewardship plans for forestry operations in the KLRMP area. Table 1 summarizes the amount of area included in this Background Information document.”
Summary of species and the amount of area expected to be in Wildlife Habitat Areas over time from 2004 background document. 
[image: ]

Number of WHAs in the Thompson Rivers District for the 5 species listed in the background document for the section 7 notice as of May 2016.
	Species
	Number of WHAs
	Total Hectares

	Flammulated Owl
	0
	0

	Western Screech Owl
	3	
	110

	Lewis’s Woodpecker
	21	
	617

	Badger
	6	
	42

	Spotted Bat
	1	
	9

	Total
	31
	778



Flammulated Owl – mostly in IDFxh, south and west aspects of IDFdk. Overlaps with deer winter range. Species account, model and inventory data available.  Possibility of Best Management Practices or WHAs or combination. Location data should be considered for managing home range around nest sites – 10 – 30 ha. 
Western Screech Owl – majority of high value habitat on crown land has been surveyed. Presently known occurrences on crown land have a WHA designation. There could be more WHAs established in the district over time. Most of the habitat is outside of THLB or has small amounts of THLB. 
Lewis’s Woodpecker – low overlap with THLB. Some inventory is being done. There may be more WHAs in the future. Perhaps best managed with BMP when operating in potential habitat. Model and occurrence data available. 
Badger – low direct impacts from tree harvesting. May be indirect impacts from ground compaction, loss of dens and denning opportunity and road mortality. Perhaps best managed with BMP when operating in potential habitat. Occurrence data available and Forrex  Badger Wildlife Habitat Decision Aid is available http://jem.forrex.org/index.php/jem/article/view/436. 
Spotted Bat – Low direct impacts from forestry, likely low overlap with THLB. Perhaps best managed with BMP when operating in potential habitat. There may be more WHAs in the future. 
Ungulate Winter Ranges
Mountain Goats
There is a section 7 notice for Goats in the Thompson Rivers District. Describes amount distribution and attributes. No THLB impact. Winter range has been mapped. Possibility of a GAR order for these.
Access a concern.
Mule Deer
See Kamloops LRMP. 
New GAR order pending. ftp://ftp.geobc.gov.bc.ca/publish/Regional/Kamloops/UWR/Kamloops_TSA/mule_deer/
Access a concern
Moose
See Kamloops LRMP. See Moose and Watershed Stewardship Pilot Project.  Lillooet BMP handbook. ftp://ftp.geobc.gov.bc.ca/publish/Regional/Kamloops/UWR/Lillooet_TSA/moose/
Forrex Wildlife Habitat Decision Aid. http://jem.forrex.org/index.php/jem/article/view/46/39
 Possibility of GAR order?
Access a concern.
Mountain Caribou
Existing GAR order. Also the KAMLOOPS LRMP APPENDIX 10: OBJECTIVES AND CONSIDERATIONS FOR MANAGING MOUNTAIN CARIBOU DEVELOPED BY THE KAMLOOPS LRMP MOUNTAIN CARIBOU SUBCOMMITTEE  provides important guidance for the modified harvest zone. Note this is different than the Appendix 10 in the Kamloops LRMP main document. See: ftp://ftp.geobc.gov.bc.ca/publish/Regional/Kamloops/Species_At_Risk/North_Thompson_Caribou/GAR_Order_Appendix10/Caribou_App10_Feb15-06.pdf
Federal Recovery Strategy has identified Critical Habitat. ‘Matrix’ habitat which is the lower elevation moose winter range is part of the Critical Habitat.
[bookmark: _GoBack]See: http://donnees.ec.gc.ca/data/species/developplans/critical-habitat-for-species-at-risk-british-columbia/?lang=en

Wildlife General 
General selected information on some species groups in relation to Kamloops LRMP legal objective. 
Table1: Established Objectives - Kamloops Higher Level Plan, June 2008
2.1.12 Wildlife: Ensure habitat needs of all naturally occurring wildlife species are provided for. Special attention will be paid to those red- and blue- listed species, as defined by Ministry of Environment, and species designated as regionally important (e.g. Mule Deer)	Figure 3, General Resource Management Zone
Bats
See general information and guidance on bats in: Best Management Practices for Bats in British Columbia, 2016
http://a100.gov.bc.ca/pub/eirs/viewDocumentDetail.do?fromStatic=true&repository=BDP&documentId=12460
Birds
See Synthesis of Studies of Forest Bird Responses to Partial-Retention Forest Harvesting, Huggard David, Oct 2006 and Stand-Level Retention and Forest Birds, A Synthesis of Studies. Centre for applied conservation research, UBC





Also new release on the state of birds in North America. See: http://www.stateofthebirds.org/2016/

Raptor and their nests
See Guidelines for Raptor Conservation During Urban and Land Development in BC.
http://www.env.gov.bc.ca/wld/documents/bmp/raptor_conservation_guidelines_2013.pdf
Goshawks – some evidence of potential population declines in some parts of BC. 
See A Scientific Basis for Managing Northern Goshawk Breeding Areas in the Interior of British Columbia: Best Management Practices 
http://www.forrex.org/sites/default/files/forrex_series/176-goshawk-final.pdf
and the associated Brochure Best Management Practices for Northern Goshawk Breeding Areas in the Interior of British Columbia
http://highcountryconsulting.ca/pdf/Goshawk%20Brochure%20March%202011.pdf
Furbearers 
Fisher  
See Fisher Habitat and Forest Management Web Module
http://www.fisher.forrex.org/
Forrex Wildlife Habitat Decision Aid. http://jem.forrex.org/index.php/jem/issue/view/1
Pine Marten
See BEC zone capability mapping for range and distribution of marten in the region. ftp://ftp.geobc.gov.bc.ca/publish/Regional/Kamloops/
Rattlesnakes
Small area of overlap with foraging areas and THLB. Mapping and BMP being developed. 
Forest Planning and Practices Regulation
Stand and Landscape Level Biodiversity 
Objectives set by government for wildlife and biodiversity — landscape level
9  The objective set by government for wildlife and biodiversity at the landscape level is, without unduly reducing the supply of timber from British Columbia's forests and to the extent practicable, to design areas on which timber harvesting is to be carried out that resemble, both spatially and temporally, the patterns of natural disturbance that occur within the landscape.
This is an important part of forest biodiversity - managing for a seral stage distribution at an appropriate scale will address forest biodiversity concerns at the broad level
Objectives set by government for wildlife and biodiversity — stand level
9.1  The objective set by government for wildlife and biodiversity at the stand level is, without unduly reducing the supply of timber from British Columbia's forests, to retain wildlife trees. 
Maintaining effective forest structure and recruitment for forest structure  and locating stand retention areas in association with features such as terrain features (eg ridges, rocky outcrops, gullies), wetlands or wetter sites, etc can reduce impacts at a stand level and ultimately at the larger landscape level.  See MRVA report. See Synthesis of Studies of Forest Bird Responses to Partial-Retention Forest Harvesting, above.
Water and Watershed Management
See expectation letter, MRVA, Culmulative Effects Information, Watershed Hydrologic Risk Assessments and Research information.
Access and Access Management
Roads and vehicle access is an issue for numerous species. Initial list of species that could be focus of access management: Moose, Mountain Goats, Grizzly Bears, Bull Trout systems.
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• What level of retention should be used?
• How should retention be allocated at the 


stand versus landscape level?


To help answer these questions, we reviewed studies of
forest birds in stands with retention.  Birds are the best-
studied group of forest animals, and show diverse
responses to habitat.


A goal shared by all retention systems is to help
maintain forest-dwelling species


This Relationship Matters
The relationship between abundance of a species and
retention level in a stand can help decisions to retain
trees within stands or in landscape-level reserves.


Abundance above proportional to retention level


Stand-level retention is
favoured – it is “buying”
extra animals in each stand.


Abundance below proportional to retention level


Abundance proportional to retention level


Landscape reserves are
favoured – retention is less
useful if it is “diluted” across
cutblocks.


Stand- and landscape
retention are equally 
effective – total abundance
depends only on total 
retention in the landscape.


‘Hard’ thresholds suggest
retention targets. ‘Soft’
thresholds favour mixed 
levels of retention – some
cutblocks high, some low.


We reviewed hundreds of North American studies of birds
in managed forests.


• 51 studies reported abundances of birds in uncut 
forest and stands with partial retention. 


• Bird numbers were available from 123 treatments
with partial retention. 


• We examined relationships between abundance and 
retention level for 69 bird species.


What Factors Affect Bird Responses?
For more common species, we examined how response
to retention level was affected by different factors:


Factors Affecting Bird Responses
X Retention pattern (42 species):     


Only 2 showed clear differences. 


Conifer vs deciduous (25 species):     
6 clearly different; 6 moderately different. 
9 of these 12 species were more sensitive to low 
retention in deciduous.


X Climate:
On coast - no effects. 
In Interior/Boreal - 12 of 20 species showed 
differences.


Coast vs Interior (20 species):    
5 clearly different; 3 weakly different.  Most more 
sensitive on coast.


Season (6 resident species):     
1 clear seasonal difference - winter wrens less 
sensitive in winter - and 3 weak differences.


Results  -
All  species  combined


Community similarity with uncut forest...     


Total abundance...
...was highest at interedi-
ate levels of retention.
Species that benefit from
harvesting increase at
these levels, while many
sensitive species were
not reduced until lower
retention.


...declined abruptly with
any harvesting, then
declined more slowly as
retention levels dropped
to 15%retention, then
dropped more quickly at
low retention levels.


Wildlife tree
patches


Variable
retention


Partial cutting


Stand-LLevel  Retention  
Species’  Abundance  versus
Retention  Level  in  Stands The  Synthesis  


There are two big questions:


Thresholds?


Retention pattern:


Forest type:


Location:  Coastal vs. Interior vs. boreal  
Season:    Summer vs. winter


Climate:


Group/patchy  vs.  uniform/dispersed


Coniferous  vs.  deciduous or mixedwood


Dry  vs.  wet or high-elevation


Most forest harvesting in British Columbia retains some
trees and other structures in cutblocks.  Several types of
retention systems are used:


• Clearcutting with reserves (wildlife tree 
patches)


• Variable retention
• Partial cutting







• As always, different species show different
responses.


• No hard thresholds (but some ‘soft’ ones).
• Two retention levels stand out:


15-20%: Many less sensitive species decrease 
substantially below this level.


35-40%: Some more sensitive species, and those
showing ‘soft thresholds’, decline more abruptly
below this level.


• Typical retention of 15-20% will be used by many 
forest species, but is of little benefit for the most 
sensitive ones.


• Some stands with >40% retention, or larger 
landscape reserves, are needed by sensitive 
species.


• Retention could be focused on habitat needsof the
most sensitive species. 


• Most species are not birds and are not as mobile 
as birds.  Their responses may be quite different.


Text: D.J. Huggard and F.L. Bunnell
Design and production: D.J. Huggard, I.Houde
and F.L. Bunnell
Illustrations: D.J. Huggard and I. Houde
Photographs: W. Beese, F.L. Bunnell, A. Farr, 
I. Houde, and M. Preston


March 2007


More Information
Results for all 69 species, detailed methodology,
interpretations and caveats are posted. 
@ www. forestbiodiversityinbc.ca


Contact:
David Huggard: huggard@interchange.ubc.ca
Centre for Applied ConservationResearch
Forest Sciences Centre
University of British Columbia, 
3041-2424 Main Mall,
Vancouver, BC, V6T 1Z4


Results  –  Individual  Species


As expected for any diverse group, forest birds showed a diverse range of responses to retention level. 
(All figures show the species’ abundance relative to a value of 1 in uncut forest)


Little concern Minor concern, but 
landscape  context may
matter


Should be maintained by 
retention (>15%)


Higher retention levels to
retain uncut abundances


Also: chipping sparrow, 
dark-eyed junco,
MacGillivray’s warbler…


Also: northern flicker,
Steller’s jay (on coast), gray
jay (deciduous)…


Also: black-capped 
chickadee, white-throated 
sparrow…


Also: Only 2 eastern species


Supports allocation to 
stand-level retention


Stand and landscape 
retention about the same


Supports some high-
retention (>40%)


Favours landscape
reserves (or retain species’
habitat)


Also: hermit thrush, red-eyed
vireo, yellow-rumped 
warbler…


Also: pileated woodpecker, 
red crossbill (coast), 
golden-crowned kinglet…


Also: Townsend’s warbler,
red-breasted nuthatch 
(winter),varied thrush…


Also: ovenbird (mixedwood),
golden-crowned kinglet 
(deciduous)


Neutral or positive
except at low levels


Positive high,
negative low


Above proportional Proportional Soft ‘threshold’ Below proportional


American Robin Red-naped Sapsucker Western Tanager Mountain Chickadee


Chestnut-backed
Chickadee Boreal Chickadee Pacific-slope Flycatcher Brown Creeper (winter)


A Synthesis of Studies


centre for 
applied conservation research
university of british columbia


SSTTAANNDDTTAANNDD -LL-LL EEVVEELLEEVVEELL RREETTEENNTTIIOONNEETTEENNTTIIOONN
AANNDDAANNDD


FFOORREESSTTOORREESSTT BBIIRRDDSSIIRRDDSS


Conclusions


Positive Neutral
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Synthesis of Studies of Forest Bird Responses to  
Partial-Retention Forest Harvesting 


David J. Huggard Oct. 31, 2006 


Summary 


 This paper evaluates the responses of forest bird species to levels of retention in forest 
stands harvested with partial retention (with an emphasis on studies in western coniferous 
forests).   It presents a likelihood-based meta-analysis of 51 North American studies treating 69 
different bird species that occur in uncut forests.  Establishing the form of the relationship 
between species abundances and retention level has important implications for setting target 
retention levels and for allocating available retention to stand- versus landscape-level reserves. 


AIC-based model selection was used to analyze a set of factors potentially affecting a 
species’ relationship with retention level, including: season (summer versus winter), forest type 
(coniferous versus deciduous), location (coastal, Interior, boreal conifers; eastern, boreal mixed 
wood deciduous), climate type (dry versus wet or high-elevation within location) and retention 
type (dispersed or uniform versus aggregated or group).  Season, forest type and location 
affected relationships with retention level for some species; climate and retention type were 
rarely important. 


Model selection was also used to examine the form of the abundance versus retention 
relationship.  Model averaging and bootstrapping were used to summarize the best relationship 
and its uncertainty.  Roughly 1/3 of the species that occur in uncut forest respond positively or 
neutrally to all levels of forest harvesting.  Another large set of species show positive or neutral 
responses, except when retention drops to low levels (< approximately 15%).  Among more 
sensitive species, about 1/3 show abundances more than proportional to retention level (i.e., 
20% retention retains >20% of uncut abundances of these species).  For these species, within-
stand retention should be more effective than landscape-level reserves (all else being equal).  
Another ~1/3 of sensitive species show abundances proportional to retention level (i.e., 20% 
retention retains 20% of the uncut abundances).  Only a few species in particular forest types 
show abundances less than proportional to retention levels (i.e., 20% retention retains <20% of 
uncut abundances).  Stand-level retention has little effect for these species, and the resources 
would be better used in landscape-level reserves (or specific features required by these few 
species made a focus of retention strategies).  A final group shows sigmoidal or “soft threshold” 
responses, in which abundances drop relatively rapidly below a certain retention level (often in 
the range of 30-40%).  No sharp thresholds were seen, as expected in variable natural systems.  
Pooling all analysed species, total abundances peak at medium retention levels, but community 
similarity to uncut forest declines continuously with declining retention, with a more abrupt 
decline below 15% retention.  Results are available for each species, in each forest type, 
location, retention type, etc. for which the AIC analysis supported estimating separate 
relationships. 


The implications of the results for retention strategies are discussed, along with the 
benefits and limitations of the likelihood-based meta-analysis and the many caveats in 
interpreting the results of this synthesis. 
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Introduction 


 Harvesting of western North American forests increasingly relies on silvicultural systems 
that retain some of the original forest structure in the cut area.  Called “new forestry”, “green-tree 
retention”, “structural retention”, or, more recently “variable retention”, this harvesting is 
expected to have a number of benefits for biological diversity compared to clearcutting, including 
maintaining some forest-dwelling species in recently harvested areas, and creating structural 
diversity in regenerating stands (Franklin et al. 1997).  As practiced in British Columbia, 
retention systems typically leave 10-30% of the basal area of live trees in cutblocks (Mitchell 
and Beese 2002).  Other partial harvesting systems, such as regular or irregular shelterwoods, 
selection cuts, strip cuts, and group removals, often leave higher levels of retention, although 
these trees are not intended to be retained permanently.  The wide range of retention levels 
created by variable retention systems and partial cut systems after their first entry provide an 
opportunity to measure the response of organisms to different retention levels.  This information 
is useful for designing retention levels that best maintain a diversity of forest-dwelling 
organisms, especially in the initial post-harvest years before substantial tree regeneration or 
subsequent harvest entries. 
 Decisions about retention are critically affected by the form of the relationship between 
organisms and retention levels, particularly whether relative abundance of a forest-dwelling 
species is more than or less than proportional to the retention level (Figure 1).  If the relationship 
is more than proportional (Figure 1, green) – for example, retaining 20% of trees in a cutblock 
maintains a species at 40% of its abundance in uncut forest – this supports using retention in 
cutblocks.  For a given total amount of retention, stand-level retention will maintain greater 
abundances of the species across the landscape than alternative strategies, such as retaining 
the same amount in large reserves and clearcutting the harvested stands (all else being equal).  
On the other hand, if the relationship between a species’ abundance and retention levels is less 
than proportional (Figure 1, red) – 20% retention maintaining the species at only 5% of its 
abundance in uncut forest, for example – it would be better for that species to allocate the given 
retention level to larger reserves rather than stand-level retention (again, all else being equal).  If 
the abundance of a forest-dwelling species is directly proportional to the retention level (Figure 
1, black), the total abundance of the species in a landscape depends only on the total retention 
level, whether this is retained within stands or in landscape reserves, or in a combination of the 
two. 
 There has been recent interest in relationships that show a threshold response – that is, 
a sudden decline in a species’ abundance when a habitat variable such as retention level drops 
below a particular value (Huggett 2005, Lindenmayer and Luck 2005).  If well-defined thresholds 
existed, they could help guide choices of target levels of retention (Guénette and Villard 2005).  
However, with many sources of variability in natural systems, thresholds are more likely to occur 
as softer sigmoidal-type relationships (Figure 1 blue; Lindenmayer et al. 2005).  Practically, a 
more relevant question is whether the relationship has a point of inflection, where abundance 
changes from more to less rapidly increasing as retention levels increase.  If so, this type of 
relationship will probably imply a mixed strategy of stand- and landscape-level retention, or of 
higher and lower retention levels in cutblocks, depending on the overall level of retention that 
managers are prepared to allocate to a landscape.  For example, with 20% overall allocation to 
retention, the sigmoidal relationship in Figure 1 implies the best strategy would be to retain 35% 
in roughly half the stands with minimal retention in the rest.  This would retain more birds overall 
than 20% retention in all stands. 
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Figure 1.  Examples of response curves with abundances greater than proportional, less than 


proportional, or proportional to retention levels, or showing a sigmoidal or “soft threshold” 
relationship with retention levels.  The dot on the sigmoidal curve shows the point of 
inflection. 


 Estimating relationships between a species’ abundance and retention in cutblocks 
requires extensive surveys, to cover the range of retention levels and to accommodate high 
stand-to-stand variability and the inherent imprecision of surveying organisms.  Individual 
studies rarely have the resources to do this extensive effort well.  On the other hand, many 
studies have surveyed organisms in stands with various levels of retention, particularly for 
popular groups like forest birds.  My goal was to collate this information into a larger dataset that 
could be used to better estimate the relationships between forest bird species and stand-level 
retention. 


Combining information from multiple studies adds other sources of variability, beyond the 
variability among stands in a local study area and the inherent imprecision of abundance 
estimates, including variability due to different harvest types (e.g., uniform versus aggregated 
retention), different forest types (e.g., deciduous versus coniferous), different geographical 
regions (e.g., coastal versus Interior versus boreal conifers) and different climate regimes (e.g., 
dry versus wet or high-elevation forests).  These factors –  indeed, any ecological factor – 
undoubtedly affect the relationship between birds and retention levels to some extent.  However, 
even pooled information from numerous studies is limited in its ability to precisely estimate the 
effects of many ecological variables.  I rely on information-theory based approaches (Burnham 
and Anderson 1998) to estimate relationships within the set of environmental factors best 
supported by the data currently available. 
 
Methods 


Studies 


 Published North American studies that measured bird abundances in forests harvested 
with partial retention were found through searches of journal indexing services, recent volumes 
of major journals, citations from review articles, web searches of large forestry research projects 
and government publications where these were available online.  Because my emphasis was 
western coniferous forests, I focused on western North American sources for the research 
projects and government documents, but included published studies from all areas of North 
America. 
 I used studies in this review if they met all the following conditions: 
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1) Presented information on the abundance or relative abundance of individual bird species in 
treatment units.  Studies that only reported derived community statistics or only summaries 
across all treatments (e.g., linear regressions) could not be used. 


2) Included at least one treatment with a partial retention harvest system.  This could either be 
intended as permanent retention, or it could be the first entry of an intended multiple-entry 
partial cut system. 


3) Included an uncut control treatment or pre-harvest measurements. 
4) Provided information on the percent retention in the partially harvested blocks.  I indexed 


percent retention with basal area for uniformly harvested treatments, and with area for 
systems with patch removal or retention.  If these measures were not reported, I used 
density or canopy cover to index percent retention, when the study indicated that the harvest 
treatments were not highly selective.  Percent retention was based on pre-harvest 
measurements if they were available for the partially harvested treatments, or control 
treatments otherwise. 


5) Included new data.  I tried to ensure that results were used only once, even when the same 
data was used in more than one paper (e.g., thesis and subsequent publication, or primary 
and review papers). 


I used studies in which surveys were conducted shortly after harvest, generally within 10 
years of harvest.  There were too few studies with older retention harvest treatments to include 
time-since-harvest as a factor in the analysis.  I also required that studies in systems with group 
retention or removal indicate how sampling was allocated within the cutblock.  This requirement 
was to ensure that the abundances reported for these treatments represented the whole 
cutblock proportionally (rather than, for example, only the residual unharvested patches).  
Clearcut treatments were included as 0% retention points if they were part of a study that also 
included retention harvest treatments.  I did not include studies that simply compared clearcuts 
and uncut forest.  Studies of silvicultural treatments of young stands were also excluded. 
 For each study, I used reported abundances for each treatment of all passerine species 
and woodpeckers, unless there were 5 or fewer total detections of the species.  Because I used 
a Poisson-based likelihood model for the analyses (next section), I required the actual number 
of birds of each species counted in each treatment.  When this information was not presented in 
a paper, I examined the reported methods to back-calculate the actual count from reported 
abundance indices.  A substantial proportion of published studies presented incomplete, 
ambiguous or contradictory descriptions of how reported abundances were derived from the raw 
counts.  In these cases, I made best guesses at the counts by looking for conversion factors that 
produced minimum integer counts (usually 1 detection for the rarest species).  I did include 
studies where I was not certain about the back-calculation of counts, because any inaccuracies 
would affect only the effective weighting of studies, not the actual abundance ratios. 


I recorded the percent retention and uniform versus grouped retention or removal for 
each treatment, with uniform treatments further categorized as thinning from below, thinning 
from above (including “high-grading” systems that removed the largest or most valuable trees) 
and systems intended to harvest trees representative of the size and species composition of the 
stand.  Several descriptors of the study area were examined as additional factors: 
1) General forest type – coniferous or deciduous.  Mixed stands that included >20% deciduous 


trees were classified as deciduous. 
2) General location – western coastal, western Interior, boreal, or eastern.  The two western 


locations included only studies in conifer-dominated stands, while the boreal area included 
conifer and deciduous (mixedwood) stands.  The eastern area, which was not the main 
emphasis of the review included deciduous stands ranging from northern hardwoods 
through southeastern mixed deciduous forests.  Conifer-dominated stands in northeastern 
North America were categorized as boreal. 
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3) Forest subtypes.  Western coastal studies were further categorized as drier forest ( usually 
second-growth Douglas-fir) versus wetter or high-elevation forest (usually dominated by 
western red-cedar or western hemlock).  Western Interior forests were also categorized into 
drier forests (usually dominated by pines or Douglas-fir) and wetter or high-elevation stands 
(usually characterized by mixed conifers). 


4) Season – winter versus summer.  Winter surveys of resident species were only available for 
western coastal and Interior locations. 


 I recorded other study area descriptors, such as stand age and number of dominant tree 
species, but found that there were too few studies or too much confounding with other variables 
to examine these covariates. 
 
Analysis 


 The response variable for my  analyses was the ratio of the abundance of a species in a 
harvested treatment to its abundance in the uncut (including pre-harvest) treatment of the same 
study (referred to as the “abundance ratio” below).  By standardizing to the uncut abundance, I 
factored out absolute differences in abundances of species in different studies, allowing focus 
on common responses to different levels of retention.  This standardization to uncut levels was 
also necessary simply because many studies only reported relative abundance, or did not 
specify units.  Standardization also means that I could not analyse species that did not occur in 
the uncut treatments.  This is not a limitation, because the  interest and management concern is 
with bird species associated with forests.  Each harvested treatment type in each study provides 
a single abundance ratio data-point for each reported species. 
 I analysed the relationships between relative abundance of bird species and percent 
retention using model selection based on Akaike’s information criterion (AIC; Burnham and 
Anderson 1998).  The likelihood distribution of each abundance ratio is based on a Poisson 
distribution of the number of birds counted in the harvested treatment, and in the control 
treatment (derived following Edwards 1992, p. 114-115), with adjustments for unequal effort and 
for overdispersion: 


log-Likelihood = - Count*TREAT•loge(1+1/RatioADJ) – Count*CONTROL•log(1+RatioADJ) 


Count*TREAT and Count*CONTROL are the number of birds of that species counted in the treatment 
and control stands, respectively, corrected for overdispersion (next paragraph).  RatioADJ = 
AbundanceTREAT/AbundanceCONTROL•EffortCONTROL/EffortTREAT, the ratio of abundances in the 
treatment to the control, adjusted for unequal effort.  This formulation allows the likelihood of the 
ratio of the reported abundances to be based on the actual counts in the treatment and the 
control, even if effort differed.  For example, if 10 birds of a species were counted in the control 
and 10 in a particular treatment, with twice as much surveying effort in the treatment, the 
abundance ratio is 0.5 (half the abundance of birds in the treatment), but the likelihood 
distribution is still based on the 10 birds counted in the treatment and the 10 counted in the 
control (Figure 2). 
 Variance in the number of birds counted in a treatment beyond the expected Poisson 
variation from independent random observations may arise if there are inherent differences 
among replicates within a treatment, or if birds aggregate.  Because studies report only means 
and a measure of variation (SE, variance, etc.) for each treatment, these two sources of extra-
Poisson variation cannot be distinguished.  Instead, a correction for overdispersion was used to 
accommodate both sources of additional variation.  Different species undoubtedly show different 
degrees of overdispersion.  However, because a substantial sample size is needed to estimate 
a reliable correction for overdispersion (Fitzmaurice 1997), a single value for this correction was 
estimated using all studies that reported a measure of variance with treatment means.  The 
expected variance to mean ratio under a Poisson distribution is 1; in the available datasets, the 
ratio was 1.58 (geometric mean; median was a similar 1.62).  Therefore, Count* in the formula 
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above is the actual count for the treatment or control divided by 1.58; because of 
overdispersion, the abundance ratio for a treatment has the precision expected with 1/1.58 the 
actual number of birds counted (Figure 2).  Because overdispersion was included directly in the 
likelihood function, quasi-AIC (qAIC; Burnham and Anderson 1998) was not used. 
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Figure 2.  Examples of likelihood functions for abundance ratios, based on counts of 10 birds in 


each of uncut and harvested stands.  Grey: uncorrected, green: wider distribution resulting 
from correcting for overdispersion, blue: shifted distribution resulting from correcting for 
unequal effort (twice as much effort in treated stand). 


 
There were two aspects to the AIC-based model selection: 1) Examining biologically 


plausible forms of the relationships between relative abundance and percent retention, and 2) 
examining whether the available data supported estimating separate relationships for different 
subsets defined by the main covariates. 


I examined 13 candidate models for the form of the relationship (Table 1; Figure 3).  
Models 1-8 were forced through an abundance ratio of 1 at 100% retention.  Models 9-13 were 
not forced through this point.  However, because the ratio is necessarily 1 at 100% retention, for 
plotting and model averaging (below), models 9-13 were only fitted up to the maximum 
observed retention level in the data.  Abundance ratios for higher retention levels were 
interpolated linearly between the value at the maximum observed retention and 1 at 100% 
retention.  Models were fitted by maximizing the log-likelihood in the program R (R Development 
Core Team 2005).  Likelihood methods are available to fit the segmented regression model with 
an unknown cutpoint (“c” in model 3 in Table 1) (Muggeo 2003).  However, this likelihood 
function is difficult to maximize reliably.  Instead, the best cutpoint was found by maximizing the 
regression with fixed cutpoints varied (in increments of 1%) from 10% to 85% retention, and 
using the cutpoint of the model with the maximum likelihood. 
Table 1.  Candidate models for the form of the relationship between abundance ratio (AR) and % 


retention (%R). 
1) Proportional.  AR = %R/100% 
2) Constant.  AR = 1 
3) Segmented regression.  AR = a⋅(100-%R)+1 for %R≤c; AR = a⋅c + b⋅(100-%R-c) if %R>c 
4) Linear.  AR = 1 + a⋅(100-%R) 
5) Quadratic.  AR = 1 + a⋅(100-%R) + b⋅(100-%R)2
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6) Cubic.  AR = 1 + a⋅(100-%R) + b⋅(100-%R)2 + c⋅(100-%R)3


7) Logarithmic.  AR = 1 + 1/exp(a⋅b) ⋅ (1-exp(a⋅(100-%R)/100)) 
8) Sigmoidal.  AR = 1/(1+exp(a-b⋅%R/(100-%R))) 
9) Mean (≠1).  AR = a 
10) Linear with intercept.  AR = a + b⋅(100-%R) 
11) Quadratic with intercept.  AR = a + b⋅(100-%R) + c⋅(100-%R)2


12) Logarithmic with intercept. AR = a + 1/exp(b⋅c) ⋅ (1-exp(b⋅(100-%R)/100)) 
13) Sigmoidal with intercept. AR = a/(1+exp(b-c⋅R/(100-%R)))  
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Figure 3.  The forms of the 13 candidate models.  The flexible polynomial and sigmoidal models 


can take many forms.  Models 9-13 are not forced through an abundance of 1 at 100% 
retention; instead, values greater the maximum retention level in the data (80% in these 
examples) are interpolated linearly to 1 at 100% retention (thin lines). 


 To examine how the covariates affected the relationship between bird abundance and 
retention levels, AIC was calculated for the best model fitted to the entire dataset and for the 
best models fitted separately to different subsets of the data based on the covariates.  The AIC 
for the subsetted data was calculated with the summed log-likelihoods and numbers of fitted 
parameters for the best subset models.  Some comparisons further compared the best model 
for a subset to the best models for further subdivisions of that subset based on other covariates 
(Figure 4).  The comparison of two main covariates, retention type (uniform versus group) and 
forest type (coniferous versus deciduous), also examined their interaction by comparing AIC 
values for four ways of modeling the summer data: 1) A single best model for the entire summer 
dataset, 2) Two separate best models, one for uniform and one for group retention, 3) Two 
separate best models, one for coniferous and one for deciduous forest, 4) Four separate best 
models, one for each combination of retention type and forest type.  A subset comparison was 
only made for a species when there were 5 or more data points in each subset. 
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Seasons


Retention type
X Forest type


Location


Forest subtype


All


Winter Summer


Uniform Group DeciduousConiferous


Eastern Boreal (mixed)CoastalInterior+Boreal


Dry Wet/highDry Wet/high


Interior Boreal


X


 
Figure 4.  Schematic diagram of comparisons of combined data versus subsets based on 


comparisons.  For example, separate models for winter and summer were compared to a 
single model for all the data; separate models for eastern deciduous and boreal deciduous 
forests were compared to a single model for all deciduous forest combined.  See text for 
explanation of interaction of retention type and forest type. 


 
 I summarized relationships between a species’ abundance and retention level using all 
13 fitted models, weighted by their AIC weight (model averaging; Burnham and Anderson 1998).  
Confidence intervals were established on these model-averaged relationships using 200 
bootstrap samples.  This procedure was done separately for each species and for each subset 
of the data for which the covariate comparisons supported estimating separate models.  I used 
bootstrapping rather than the analytical formula provided by Burnham and Anderson (1998), to 
help assess the influence of occasional outlying data points in the datasets, which were 
sometimes small for particular subsets.  Figure 5 shows an example of individual data points for 
a species with their likelihood distributions, and the resulting model averaged relationships and 
confidence intervals. 
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Figure 5.  Example of individual data points and their likelihood distributions, with model averaged 


relationship and confidence intervals for brown creeper in summer and winter.  Each dash 
associated with a data point represents 1/100 of that data point’s likelihood distribution 
(converted into a probability distribution). 


 
 To summarize the comparisons of covariates, I report whether the AIC analysis 
supported estimating separate response curves for the different components, but I also 
examined the curves themselves and particularly the overlap of their confidence intervals.  
There were cases where AIC supported separate responses, but the actual response curves 
showed substantial overlap in their confidence intervals.  This happened because the AIC 
analysis of covariates is based on the single best model form for each subset, while the plotted 
curves used weighted model averaging with bootstrapping to establish confidence intervals.  
Depending on the degree of overlap of confidence intervals, I consider these cases to show only 
“weak” or “dubious” support for separate response curves. 
 
Results 


Useable results were obtained from 51 studies (Appendix 1).  These include 123 
treatments with partial retention (in addition to the uncut or pre-harvest treatments), and a total 
of 3,582 abundances of species in treatments.  69 forest bird species that occurred in at least 5 
treatments with different retention levels were analysed.  [The following section summarizes 
results for the covariates.  To skip to the individual relationships of abundance versus retention, 
see page 14] 


Covariates 


The AIC analysis and examination of plots for individuals species gave the following 
results for the 9 covariate comparisons: 
1. Summer versus winter.  Adequate winter data was available for 6 species, for all of which AIC 


provided support for separate winter and summer relationships.  However, the seasonal 
relationships were only clearly distinct for winter wrens, which showed little response to 
retention levels in winter.  The 3 weakly different relationships included slightly greater 
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sensitivity to harvesting in winter for brown creepers, and slightly reduced sensitivity for 
golden-crowned kinglets and red-breasted nuthatches. 


2. Uniform versus group harvesting.  Of the 42 species with adequate data in both harvest 
types, AIC showed no support for separate relationships in 28 cases.  Hairy woodpeckers 
had moderately distinct relationships in the 2 harvest types, with no change in abundance at 
any level of group harvesting, but increased abundance at intermediate levels of uniform 
harvesting.  Winter wrens showed a linear decline in abundance with declining retention in 
group systems, but no decline until retention levels below 40% in uniform systems.  AIC 
supported separate relationships for the other 12 species, but the model-averaged curves 
showed extensive overlap in bootstrapped confidence intervals. 


3. Coniferous versus deciduous forests.  AIC supported estimating separate relationships in 
coniferous versus deciduous forests for 14 of the 25 species with adequate data in both 
forest types.  Six of those species showed clear differences, and 6 others showed weak 
differences.  Nine of those 12 species occurred at lower relative abundances at low retention 
in deciduous stands compared to coniferous stands.  This included species that declined 
with declining retention, such as brown creepers, golden-crowned kinglets, red-breasted 
nuthatches and yellow-rumped warblers, and species that increased or were unaffected by 
decreasing retention in conifers, but showed negative or less positive effects in deciduous 
forest, including hairy woodpeckers, pine siskins, warbling vireos and dark-eyed juncos.  In 
contrast, gray jays, white-breasted nuthatches and winter wrens were at relatively greater 
abundances at low retention in deciduous stands compared to conifers. 


4. Harvest type and forest type interactions.  Only 5 species had adequate sample sizes in the 
four combinations of harvest and forest types to test interactions.  AIC supported separate 
relationships for each of the four combinations for 3 of these species, but interactions effects 
appeared weak. 


5.  Coastal versus Interior+boreal conifers.  Of the 20 species with adequate data in both coastal 
and Interior+boreal conifers, AIC supported separate relationships with retention levels for 
15.  Five of these species showed clear differences, and 3 showed weak distinctions 
between the regions.  Hermit thrushes, pine siskins and red crossbills appeared to be very 
sensitive to declining retention on the coast, but less affected or positively impacted in the 
Interior+boreal region.  In contrast, hairy woodpeckers increased substantially in logged 
coastal stands but were unaffected by retention levels in the Interior+boreal, while 
Swainson’s thrushes were only negatively affected at the lowest retention levels on the 
coast, but showed continuous declines with declining retention in the Interior+boreal.  With 
less clear distinctions, American robins and western tanagers benefited from intermediate 
retention more on the coast than in the Interior+boreal.  Red-breasted nuthatches declined 
more severely at lower retention levels on the coast. 


6. Interior versus boreal conifers.  Of 10 species that occur widely enough in both the western 
Interior and boreal conifer forests, AIC did not support distinct relationships with percent 
retention for 7.  Yellow-rumped warblers and Swainson’s thrushes declined more severely at 
low retention in the boreal region compared to the western Interior.  Dark-eyed juncos 
increased strongly with decreasing retention in boreal forests, but only increased modestly in 
the western Interior. 


7. Dry versus wet or high-elevation coastal conifers.  AIC did not support separate relationships 
for any of the 9 species that occur often enough in these two zones within the coastal conifer 
forest. 


8. Dry Interior versus wet, high-elevation or boreal conifers.  Twelve of the 20 species allowing 
this comparison did not support separate relationships.  Brown creepers showed a 
moderately distinct difference of little change in abundance at intermediate retention levels in 
wet or high-elevation Interior forests, but a severe decline at these retention levels in dry 
Interior conifers.  Dark-eyed juncos, and less clearly American robins and pine siskins, 
increased more substantially at low retention levels in wet or high-elevation than in dry 
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Interior forests.  Red-breasted nuthatches declined more severely at low retention levels in 
dry Interior forests than in wet or high-elevation stands. 


9. Eastern versus boreal deciduous forest.  Among 13 deciduous species, AIC supported 
separate relationships in eastern versus boreal mixedwood areas for 10, with clear 
distinctions in 6 cases.   Four of these species – American redstart, rose-breasted grosbeak, 
red-breasted nuthatch and Swainson’s thrush – showed positive or neutral reponses to 
reduced retention in eastern deciduous forests, but negative effects in boreal mixedwood.  
An additional 3 species – black-throated green warbler, and less clearly ovenbird and red-
eyed vireo – showed more severe negative effects of reduced retention in boreal mixedwood 
forests.  In contrast, dark-eyed changed little with retention level in eastern forests, but 
increased substantially with decreasing retention in the boreal mixedwood. 


  Overall, harvest type had few clear effects on species’ responses to retention levels, 
whereas responses did often differ in coniferous and deciduous forests.  Within conifers, 
responses in coastal forests often differed from Interior+boreal forests, but there were fewer 
further clear differences between wet or dry forests within these regions or between Interior and 
boreal conifers.  Relationships in eastern deciduous forests usually differed from those in boreal 
mixedwood stands, with less negative effects in eastern forests. 
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Table 2.  Results of covariates analyses. 


Species1
Summer/ 
Winter


Uniform/ 
Aggregated


Coniferous/ 
Deciduous Interaction


Coast/ 
Interior+Boreal


Interior/ 
Boreal


Coast: 
Dry/ Wet


Interior: 
Dry/ Wet


Deciduous: 
Eastern/Boreal


AMRE (Yes?)2 Yes
AMRO (Yes?) No (Yes) No (Yes)
BCCH (Yes?) No No (Yes?)
BHCO No No
BLJA No


BOCH No No
BRCR (Yes) No Yes (Yes?) No Yes No
BTBW No
BTNW No No Yes


CAVI No
CBCH (Yes?) No No
CHSP No No No
DEJU (Yes?) (Yes) (Yes?) Yes No Yes Yes
EVGR No
EWPE No
GCFL No
GCKI (Yes) (Yes?) Yes (Yes?) No No (Yes?)
GRJA No Yes No No
HAFL No


HAWO Yes Yes (Yes) Yes No
HETH (Yes?) (Yes) No Yes No
LEFL (Yes?) No


MacWA No
NOFL No No
NOPA No
OCWA No
OVEN No (Yes)


PISI (Yes?) Yes Yes No (Yes)
PIWO No No
PSFL No No


RBGR No Yes
RBNU (Yes) No (Yes) No (Yes) No (Yes) Yes
RBSA (Yes?) No
RCKI (Yes) (Yes?)


RECR (Yes?) Yes
REVI (Yes?) (Yes)


SCTA No
STJA No (Yes?) No No


SWTH (Yes?) (Yes?) (Yes) Yes (Yes) No Yes
TEWA No No
TOWA No No
VATH No (Yes?) No No
WAVI No Yes No No


WBNU No (Yes)
WETA No (Yes) No No
WIWA No (Yes?)
WIWR Yes (Yes) (Yes) (Yes?) No
WOTH No
WTSP No


WWCR No
YBSA No (Yes?)
YRWA (Yes?) (Yes) (Yes?)  Yes (Yes) No  1 Species with insufficient sample size to examine any covariates are not shown.  See appendix 1 for 


species codes. 
2  Values indicate whether AIC analysis supported (“Yes”) or did not support (“No”) separate curves for the 


covariate’s components.  Where the AIC analysis supported separate curves, “Yes” indicates a clear 
difference in the model-averaged curves; “(Yes)” indicates substantial overlap of the bootstrapped 
confidence intervals of the model-averaged curves; “(Yes?)” indicates the model-averaged curves were 
very similar and within each other’s confidence intervals. 
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Table 3.  Summary of results of covariate comparisons. 


Result
Summer/ 
Winter


Uniform/ 
Aggregated


Coniferous/ 
Deciduous Interaction


Coast/ 
Interior+Boreal


Interior/ 
Boreal


Coast: 
Dry/ Wet


Interior: 
Dry/ Wet


Deciduous: 
Eastern/Boreal


Yes 1 1 6 0 5 2 0 2
Weak 3 1 7 2 3 1 0 4
Dubious 2 12 1 1 7 0 0 2
No 0 28 11 2 5 7 9 12
Total 6 42 25 5 20 10 9 20 13


6
2
2
3


 
 
Relationships between abundance and retention level 


Summary 
 Averaged across all species and subsets of covariates supported by the analysis 
summarized in the previous section, all forms of the relationship between bird abundance and 
retention levels received moderate weight (Table 4).  No form or forms were clearly dominant.  
This spread of weight across the various modeled forms reflects three features: 1. These are 
weights averaged across all the species and their supported subsets.  Individual species had 
greater weights for particular models, but these average out with the different responses seen in 
different species.  2. Within a species and subset, individual data points vary widely.  No one 
simple model form will fit these variable data much better than any other.  3. The different model 
forms can be very similar.  For example, many of the forms can be close to the proportional line.  
Because all the model forms are relatively simple, the “penalty for complexity” in AIC has a 
relatively minor effect. 
 The total average weight of model forms that include an intercept was 0.379.  In these 
models, the value for uncut forest is not simply the curve through lower retention levels 
projected to 100%.  Instead, there is an additional effect on abundance, positive or negative, in 
harvested stands.  This could reflect either an inherent effect of harvesting activity, or uncut 
stands that are inherently different from the harvested stands (e.g., more or less productive, 
different ecosystem types). 
Table 4.  AIC weights for the 13 different model forms, averaged across all species (and supported 


subsets of covariates), and summaries of different types of forms. 
Individual models Average AIC wt 


Proportional 0.045 
Constant (=1) 0.026 
Segmented 0.066 
Linear 0.099 
Quadratic 0.103 
Cubic 0.140 
Logarithmic 0.057 
Sigmoidal 0.085 
Mean (≠1) 0.057 
Linear (with intercept) 0.087 
Quadratic (with intercept) 0.102 
Logarithmic (with intercept) 0.019 
Sigmoidal (with intercept) 0.113 


Summary totals  
With intercept 0.379 
“Threshold” models 


(segmented or sigmoidal) 
0.264 


Models with point of 
inflection 


0.404 


 Models that could capture a threshold-type relationship – segmented and sigmoidal 
regressions – received only a total of 0.264 of the average AIC weight.  Threshold-type 
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relationships were not dominant in these data, but they were also not rare.  Models with points 
of inflection – segmented, sigmoidal and cubic – received a total of 0.404 average weight. 
 
Individual species 


Eleven “species” (including species in particular forest types) responded positively to 
harvesting at all levels (Table 5 “Positive”).  Many other species undoubtedly also respond 
positively, but this analysis is restricted to species that occur regularly in uncut forest.  Ten other 
species responded positively except for reduced abundance at the lowest retention levels (Table 
5 “Positive except at low levels”).  These species were often at low abundance in clearcuts or 
near-clearcut conditions, but at or above uncut abundances at other retention levels.  However, 
widely scattered data points made the precise form of the relationship uncertain for several of 
these species.  An additional 13 species were unaffected by retention level (Table 5 “Neutral”).   


Thirteen species were not affected by harvesting until low retention levels (<20%, Table 5 
“Neutral except at low levels”).  Some of these species did, however, decline substantially at 
these lower retention levels.  Three species had abundances above uncut levels in harvested 
stands with higher levels of retention, but substantially reduced abundances below 30-45% 
retention (Table 5, “Positive high, negative low”).  A large group of 16 species declined with 
decreasing retention levels, but with relative abundances that remained greater than the 
retention level (Table 5 “Above proportional”).  For example, at 30% retention, these species 
would occur at greater than 30% of their uncut abundance. 


Twelve species were maintained in harvested stands at abundances that were 
proportional to the percent retention (Table 5 “Proportional”).  For example, a stand with 30% 
retention would be expected to retain these species at 30% of their abundances in uncut forest.  
Ten species showed sigmoidal relationships.  Although the sharpness of the sigmoidal function 
differed among these species, they all showed abundances that were lower than proportional at 
low retention, and higher than proportional at higher retention levels, with a relatively steep 
gradient in between.  Four species showed the most severe effects of harvesting, with 
abundances less than proportional across the range of retention levels, but only in some 
ecosystems.  All four showed this relationship in deciduous or mixed deciduous stands, while 
only the brown creeper showed a less-than-proportional relationships in a conifer ecosystem 
(Interior dry conifers and conifers in winter). 
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Table 5.  Summary of responses to reduced retention levels. 
Positive
AMRO 
BHCO 
CEWX 
CHSP 
DEJU –  All exc. eastern 
HAWO – Conifer 
MacWA 
OCWA 
PISI – Interior conifer 
PUFI 
RBGR 
 


Positive except at low levels1


[AMRE – Eastern (5%)]2
BCCH (10%) 
CAWR (2%) 
[DOWO (15%)] 
[EVGR (5%)] 
[HAFL (10%)] 
[TOSO (20%)] 
[VEER (5%)] 
WETA (10%) 
WTSP (5%) 


Neutral
BLJA 
DEJU – Eastern 
EWPE 
GCFL 
GRJA – Deciduous 
NOFL 
RBNU – Eastern 
[RECR – Interior+Boreal] 
RNSA 
STJA – Coast 
SWTH – Eastern 
WAVI – Conifer 
WIWR – Winter, Deciduous 


Neutral except at low levels3


BTBW (20%) 
[CAVI (5%)] 
HAWO – Deciduous (15%) 
MOWA (10%) 
RBNU – Interior wet (15%) 
RCKI (5%) 
SCTA (20%) 
STJA – Interior+Boreal (10%) 
SWTH – Coast (10%) 
WBNU – Deciduous (20%) 
WIWA (10%) 
WWCR (5%) 
YBSA (10%) 


Positive high, negative low3


MOCH (45%) 
NOPA (35%) 
TUTI (30%) 


Above proportional
BLWA 
BRCR – Interior wet 
BTNW – Eastern 
BTYW 
CBCH 
GCKI – Winter 
GRJA – Conifer 
HETH 
[LEFL] 
RBNU – Interior dry 
REVI 
TEWA 
VATH – Interior+Boreal 
WIWR – Conifer 
[WOTH] 
YRWA 


Proportional
BOCH 
BRCR – Coast 
[CAWA] 
GCKI – Conifer 
OVEN – Eastern 
PISI – Coast, Deciduous 
PIWO 
RBGR – Mixedwood 
RBNU – Mixedwood 
RECR – Coast 
SWTH – Int+Boreal, Mixed 
WAVI – Deciduous 


Sigmoidal4
[BHVI (40,50%)] 
BTNW – Mixedwood (30,75%) 
[HEWA (20,50%)] 
[MagWA (20,45%)] 
PSFL (25,50%) 
RBNU – Winter (5,20%) 
[RBNU – Coast (20,40%)] 
TOWA (5,15%) 
VATH (5,10%) 
WBNU – Conifer (20,45%) 


Below proportional
AMRE – Mixedwood 
BRCR – Interior dry,  Deciduous, 


Winter 
GCKI – Deciduous 
OVEN – Mixedwood 


1 Value is percent retention below which species’ abundance is less than in uncut forest. 
2 Species in brackets have wide confidence intervals – other forms of the relationship are also plausible. 
3 Value is percent retention below which species’ abundance drops substantially below abundances in 


uncut forest. 
4 Values are percent retention below which and above which species’ abundance is near the lower and 


upper asymptotes, respectively, of the sigmoidal curve. 
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 Examples of each of these types of relationships are provided in Figure 6. 
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Figure 6.  Examples of each form of relationship used in Table 4.  See appendix for abbreviations 


of species’ names.  Thin lines are 5% and 95% quantiles. 
 
Composite species response


 When the response curves from all 69 species are compiled, each standardized to an 
abundance of 1 in uncut forest, the total abundance of forest-dwelling birds reaches a maximum 
at approximately 50% retention (Figure 7a).  This reflects the increases in a number of species 
that are more abundant at low retention, and only modest decreases at higher retention levels 
for species sensitive to forest removal.  Similarity with the “community” in uncut forest declines 
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gently until retention levels drop below 12% (red line in Figure 7b), and then declines more 
rapidly at lower retention levels.  Similarity also shows an initial rapid drop, as any harvesting 
modifies the community composition.  [Note that the “community” here is a composite of all 
analyzed species, each standardized to the same abundance in uncut forest – a community that 
clearly would not exist in any actual location.]  The wide confidence intervals on both graphs 
near 80% retention reflect the sparse data points at this retention level, and consequently the 
ability of flexible response curves to predict a wider range of abundance for any species. 
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Figure 7.  a) Total abundance of all 69 species, standardized to 1 in uncut forest, and b) percent 


similarity with uncut forest, across the range of retention levels.  Dotted lines are 5% and 
95% quantiles from bootstrap resamples.  Red line in b) is linear fit to middle 75% of the 
retention range. 


 
Discussion 


Synthesis methodology 


 The number of papers published in this field (and, I suspect, in many others) has 
doubled approximately every 5 years.  Synthesis of this ever-increasing pool of information is a 
critical challenge in the natural sciences (Pickett 1999, Pennisi 2005).  My quantitative synthesis 
helped reveal relationships between the abundance of forest-dwelling bird species and within-
stand retention levels that cannot be so clearly or precisely defined by each of the many 
individual studies.  This is particularly the case for the less common species that are often of 
most conservation concern; these species occur in many studies, but usually with total counts 
that are too low to confidently estimate responses in any one study.  In several cases, individual 
studies had made interpretations based on limited data that differed from the clearer patterns 
seen when data from many studies were combined.   


Compared to traditional meta-analyses that rely on summarizing effect sizes reported by 
different studies (Gurevitch et al. 2001), the approach of synthesizing results with AIC-based 
model selection has the advantage of allowing different models (forms of the relationship, and 
differences with covariates) to be compared using the data, rather than assuming a certain form 
of relationship.  This advantage is important when expected relationships are more complicated 
than a simple effect of a defined treatment.  The likelihood-based approach also inherently 
recognizes that individual data points from studies have different degrees of uncertainty, based 
in this analysis on the total count of a species in a treatment, itself a function of the species 
abundance and the sampling effort.  Overall, likelihood-based model selection is a promising 
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approach to synthesizing ecological data, where relationships are expected to be more 
complicated than simple treatment effects.  It is certainly a more effective way of growing 
knowledge than a “soft” narrative review of previous literature as context for each individual 
study. 
 The analytical model was based on an overdispersed Poisson distribution, which seems 
appropriate for results that are based on counts of at most a few individuals at any one plot.  
The greatest practical difficulty in the synthesis was determining, for many of the studies I 
reviewed,  the total number of individuals of a species counted in each treatment.  These raw 
data appear to be reported less commonly in more recent papers, presumably because of 
greater emphases on brevity in publications and reliance on summary statistics that pre-
suppose a particular model (e.g., linear regression) or are too complicated (and poorly 
described) to extract the original data.  In some cases where total counts were not reported, I 
could derive these raw data from the reported abundances and the descriptions of the methods, 
but in a considerable number of studies, the methods were not described clearly enough to be 
certain in my derivation of total counts (or the derived total counts did not make sense – e.g., 
fractional birds).  Although this only affects the results by changing the effective weighting of 
individual points (because the likelihood distribution of each point is determined by the total 
count), the synthesis would have been easier if all authors reported their raw data, or at least a 
clear description of how their reported abundances were derived from the data.  Electronic data 
archives should facilitate this reporting in the future.  However, use of such archives requires 
recognition that the main long-term value of individual studies often lies in their contribution to a 
larger pool of data, rather than the particular conclusions of the individual study. 
 My treatment of factors potentially influencing the response curves was simple, a set of 
comparisons of separate versus combined curves for major harvest, forest and regional types.  
More complex analyses are, of course, possible in the model selection framework, including 
hierarchical models that treat the factors as superpopulations of categorical and/or continuous 
covariates (Gelman et al. 2003, Hobbs and Hilborn 2006).  One difficulty with a more 
complicated approach is that the available set of individual studies is far from an ideally 
designed survey of differing bird responses across the range of the different factors.  
Confounding of different factors, or of factors and retention levels, is more likely to go unnoticed 
when the data are used in complex multivariate models, rather than individually-examined 
simple comparisons.  An additional important difficulty with using more complex models with 
covariates lies in the practical issue of interpreting the results: interaction co-efficients are 
challenging to understand intuitively, particularly when many forms of response curves are being 
examined, and it is difficult to communicate multivariate responses graphically when the 
associated estimates of imprecision are considered integral to the results.  


I considered conducting the bootstrapping with the study as the resampled unit, rather 
than the individual treatment (that is, all the treatments from a particular study would be 
resampled together).  Treating the study as the resampling unit makes sense for making 
inferences to the entire continent, and this approach would also eliminate the concern that 
abundance ratios for treatments within a study are not independent because they share the 
same estimate of uncut abundances.  I decided to resample the individual treatments simply 
because many less common species were only included in a few studies; there simply were not 
enough studies for these species to resample entire studies.  Additionally, there were no 
strongly obvious cases of consistently different results between studies.  That is, I did not notice 
cases where abundance ratios across a range of retention from one study were consistently 
higher than abundance ratios from another study’s treatments.  This supports the implicit 
assumption of the resampling scheme that the major source of sampling error was between 
treatments, rather than between studies. 
 
Interpretations of results 
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 Thresholds are currently a popular topic in conservation discussions (Guénette and 
Villard 2005, Lindenmayer and Luck 2005).  The concept is appealing, because clearly defined 
thresholds would provide a simple basis for minimum management targets (Guénette and 
Villard 2005) – in this case, for minimum retention levels in cutblocks.  However, the analyses 
showed little, if any, evidence for the existence of clear thresholds in responses of forest birds to 
retention levels.  A lack of clear thresholds is not surprising, given that the results are based on 
studies across a wide range of ecosystems.  Additionally, even if there really were sharp 
thresholds, imprecision in individual data points (Toms et al. 2006), which is expected inherently 
due to the nature of Poisson-type counts, would increase the weight given to smooth, non-
threshold models.  Nonetheless, I still doubt that clear thresholds would be seen even with 
abundant, highly precise data from a restricted range of ecosystems, simply because there are 
many other sources of ecological variation that would smooth out sharp changes in thresholds.  
These include local variation in stands, temporal variation in resources and weather within 
stands, and variation among individuals (e.g., in territorial status, or even in temporary levels of 
hunger or risk-aversion).  Sharp thresholds may exist at the very finest level of a particular 
individual’s decision to enter a stand or not at a particular moment.  However, conservation and 
management decisions are necessarily made at the much larger temporal and spatial scales 
that smooth out the sum of these finest scale yes/no decisions.  I suggest that defining and 
interpreting the actual response curves, as well as the available data allow, is more productive 
for guiding management than focusing on a search for thresholds. 
 Approximately 1/3 of the forest-dwelling bird species I examined either benefit from 
harvesting or are not affected by any level of harvest removal.  These are typically generalists 
(e.g., American robin), ground-dwellers (e.g., dark-eyed junco), or species associated with 
shrubs (e.g., orange-crowned warbler, MacGillivray’s warbler).  Some of the other neutral 
species, such as northern flickers, red-naped sapsuckers, and the three jay species (in certain 
ecosystems) are larger birds that can use stands with any level of retention, but do rely on tree 
cover for some parts of their life history.  Most studies I reviewed examined partial-cut stands in 
a context of stands of different ages and harvest histories, including uncut stands.  I would not 
expect all species that are not negatively affected by harvesting to show the same response if 
all stands in a landscape were recently harvested to low retention levels.  However, that 
situation would also not be expected to occur in normal managed forests. 


Among forest-dwelling species that are negatively affected by harvesting, a main 
conclusion was that a sizeable majority benefit from retaining trees within stands.  That is, a 
greater total abundance of the species would be maintained across landscapes if a given 
allocation of trees are retained within each cutblock, rather than as larger reserved areas 
(accompanied by clearcutting in the areas that are harvested) (all else being equal – see 
caveats about interpreting stand-level abundance results, below).  About half of the species that 
benefited from retention in stands remained near or above their uncut abundances until 
retention fell below 10-20%.  This suggests a target of roughly 20% retention to maintain high 
levels of this group of species that depend on trees, but tolerate or benefit from open stands.  
Three species responded positively in stands with high retention levels, but declined below 
uncut abundances when retention fell below 30-45%.  Higher retention levels would be required 
if the goals was to maintain these species at uncut abundances.  The rest of the set of species 
that benefit from allocating retention within stands show a relationship that is above proportional.  
In other words, a given percent retention retains more than that percentage of the uncut 
abundance of the species.  Retained trees are better allocated to stand-level retention than 
landscape-level reserves, but there is no target retention level that maintains full uncut 
abundances in harvested stands. 


Another fairly large group of species declined in proportion to the percent removal, 
including species often thought to be particularly sensitive to forestry such as brown creepers (in 
coast conifers), pileated woodpeckers, golden-crowned kinglets (in conifers) and overnbirds in 
eastern forests.  Except for the ovenbird, these species are primarily associated with tree foliage 
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or bark, and appear able to use the trees equally whether they are in uncut or sparser stands; 
there are fewer birds of these species in lower retention stands simply because there are fewer 
trees.  The wider spacing of stands with low retention does not appear to have any additional 
deleterious effects beyond the reduction in the number of trees, and nor are there other changes 
in the thinner stands that provide benefits.  For these species, allocation of retained trees to 
stand- or landscape-level retention, or a combination of the two, would have the same effect 
(again, all else being equal). 


Another group of species, also mainly considered to be sensitive to forestry, showed 
sigmoidal relationships, characterized by a small decline in abundance as retention levels 
initially dropped from uncut stands, a more rapid decline in abundance over an intermediate 
range of retention levels, then low relative abundances at low retention.  Most of the rapid 
declines took place between about 25-45% retention, though 3 more tolerant species showed 
rapid declines only nearer the low end of the retention scale.  Increased energetic costs, 
microclimate changes or aversion for open spaces may all explain this pattern, particularly as 
the 25-45% retention range is where trees become noticeably isolated from each other in 
uniform harvesting systems.  For these species, a strategy with mixed levels of retention could 
maintain more of the birds over the landscape than retaining the allocated percentage in each 
stand.  For example, if the start of the steep decline phase for a species was at 40% retention, 
and 20% of trees were going to be retained across the landscape, the overall abundance of that 
species would be higher if half the cutblocks had 40% retention and half had no retention, 
compared to 20% retention in all cutblocks.  [Note: these 2 strategies would be no different for 
the species with proportional response curves, but the mixed strategy would retain somewhat 
fewer of the species with above-proportional response curves.] 


The final small group of species were those with relative abundances less than 
proportional to the retention level.  Two of these cases were only in boreal mixedwood 
(American redstart and ovenbird), one was in deciduous forest in general (golden-crowned 
kinglet, mostly a species of coniferous forest), and one, brown creeper, showed this pattern 
more widely: in Interior conifers, deciduous forest and in winter (conifers).  These species are 
most sensitive to harvesting, declining substantially in stands with even moderate levels of 
disturbance.  Widespread harvesting with intermediate retention levels would be most 
detrimental to this group; they would be better maintained if the same overall amount of 
retention was allocated to uncut landscape reserves. 


In summary, retention levels >15-20% should maintain abundances of many forest-
dwelling species that are less sensitive to harvesting.  This level is typical of many variable 
retention stands currently being implemented in British Columbia (Mitchell and Beese 2002).  
This retention level also avoids the sharper drop in community similarity with uncut forest that 
occurs below about 12% retention.  An additional group of species will be at low abundance at 
these levels, but could be maintained near uncut abundances if retention increased to >40%.  
However, a further group of species, including several considered to be most sensitive to 
forestry, will be maintained at abundances proportional to retention levels.  For these species, 
the question becomes whether they will persist in the landscape with lowered stand-level 
abundances.  Answering this question for real managed landscapes depends critically on how 
quickly harvested stands of different retention levels recover to uncut quality for these forest-
dwelling species.  A final small group of species that appear most sensitive could be the focus of 
modified retention strategies favouring retention of their required habitat features.  Many species 
also showed a modest decline with any harvesting, and community similarity to uncut forest 
showed a sharper drop at the highest retention levels.  These results support including larger 
landscape-level reserves to maintain intact forest bird communities, even where high levels of 
within-stand retention are used. 
 For all these species, retention system (uniform versus aggregated) had little substantial 
effect on the relationship.  Retention level was a much more important variable.  Although 
uniform versus aggregated retention affects several biologically relevant variables, including 


 20







Synthesis of bird abundance versus retention  David Huggard, Oct 2006 


microclimate, inter-tree spacing, and operational ability to retain snags, these do not appear to 
affect bird responses very strongly.  The simple fact that birds can fly easily between trees may 
mean that both harvest patterns are effectively uniform for many birds.  Additionally, a variety of 
different harvest types – such as thinning from above versus below, or selection of tree clumps 
versus discrete reserves – were combined in each category, possibly making responses less 
distinct.  More data would be needed to compare individual harvest systems.  The harvest 
systems may also differ more for non-forest dwelling bird species, especially those that prefer 
larger open areas.  Less mobile taxonomic groups with greater sensitivity to microclimate or 
limited dispersal are also more likely to show greater differences between uniform and 
aggregated retention.   
 
Caveats 


Limitations of relying on abundance data to index habitat quality are well-known (Van 
Horne 1983, Hobbs 1990).  For territorial species like birds, juvenile or lower-status individuals 
may be forced into sub-optimal habitat, even if they cannot reproduce well in these areas.  This 
would increase the apparent suitability of lower-suitability areas.  Species that are sensitive to 
harvesting would then appear less sensitive with abundance data; true habitat quality would be 
even lower at low retention levels than reduced abundances indicate.  This is especially true for 
surveys of songbirds that rely on counting singing males (Verner 1985).  Low-retention stands 
may provide adequate or preferred sites for singing, even if actual nesting is occurring in 
adjacent uncut or high-retention stands.  Unpaired males in poor habitats may also sing for 
longer in the day and breeding season (Gibbs and Wenny 1993).  Overall, the results presented 
here reflect use of different retention levels, but they cannot demonstrate sufficiency.  On the 
other hand, almost all available studies present abundance data from song surveys, and there is 
little information on nesting abundances, success, survivorship or other more direct measures of 
fitness.  Individual researcher’s interpretations of their results implicitly accept that abundance is 
informative, and the fact that birds are mobile and can sample various areas before choosing a 
territory does support the use of abundance to index (birds’ perceptions of) habitat quality.  
Again, though, if regional habitat amount or quality has declined rapidly, remaining birds may be 
forced to occupy unsuitable habitat. 


The studies reviewed here reported results from within about 10 years of harvesting.  
Longer-term responses of birds to retention levels should differ from these initial post-harvest 
results for several reasons.  In some cases, initial post-harvest abundances may be inflated by 
birds that previously used the uncut stand and simply remained in the same place after harvest 
(Hagan et al. 1996).  Because most birds are short-lived and mobile, this effect should not 
persist long.  Since most reviewed studies included data from >1 year after harvest, abundances 
are not likely to be overly influenced by this persistence of pre-harvest birds.  More substantial 
changes in responses of forest-dwelling species should occur as harvested forests respond 
through growth of retained trees, regeneration of understory trees and eventual disease, death 
and decay of trees to produce old-forest structures that are often reduced in partially-harvested 
stands (Lindenmayer and Franklin 2002, Thompson et al. 2003).  The rate of recovery of 
species in regenerating forests, and how this is affected by retention levels, are poorly 
documented but crucial for predicting the long-term abundances of species in partially-harvested 
stands.  With little direct information, this question may have to be addressed through more 
difficult synthesis of forest projections and habitat relationships for birds. 


This synthesis indexed retention levels by the percentage of uncut basal area of live 
trees retained in harvested stands.  This standard measure was needed to collate information 
across many studied ecosystems and species, but it hides the considerable variation in what 
components of the forest were retained.  In stands with many species, particularly eastern 
deciduous forests, harvest was often selective.  Different harvest and silvicultural systems can 
also favour or remove diseased trees, understory or large trees, and other habitat elements like 
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snags, cavity sites, riparian areas and understory vegetation.  Some retention systems may 
focus on different microsites or more or less productive areas within stands.  More detailed 
syntheses for individual species could establish responses to the particular elements that are 
important to each species, because selective retention of these elements is an important tool for 
maintaining particular species.  On the other hand, maintaining all the individual elements 
required by a community of species becomes impossibly complex, and simpler surrogate 
measures like percent retention are necessary for practical applications. 


Simple interpretations of the effects of stand- versus landscape-level retention on total 
abundance of species with different response curves assume that landscape-level abundance is 
simply a sum of stand-level abundances.  Any emergent properties of landscapes would affect 
these interpretations, including changes in birds’ abilities to use partially-harvested stands when 
there is less uncut forest in the landscape (Norton et al. 2000, Brotons et al. 2003).  Other 
broad-scale effects like negative interactions with species that benefit from extensive harvesting 
could also change the landscape-level abundances.  Currently available information does not 
allow thorough comparisons of how stand-level response curves might change under different 
landscape conditions, mainly because information on landscape context is rarely provided in 
descriptions of individual studies.   


A different limitation of the landscape-level interpretations is that, in practice, there is 
rarely a clear trade-off between allocation of retained trees to stand- versus landscape-level 
retention.  Landscape-level reserves are more typically fixed, or determined by allocation 
processes different from decisions about stand-level retention.  In that case, my results suggest 
that there is a continuous rise in abundance of many forest-dwelling species with increased 
retention, rather than any clear threshold that might serve as targets.  The exceptions are a 
number of species that showed diminishing increases in abundance above 15-20% retention.  
However, these are less sensitive species; several more sensitive species would be maintained 
at only very low abundances at these retention levels. 
 
Incorporating other information 


Response curves in particular ecosystems will, of course, vary from these synthesized 
overall responses.  It is difficult and expensive, however, to collect adequate abundance data for 
many species across a range of retention levels in each ecosystem type.  In some ecosystem 
types, part of the range of retention levels may not exist (e.g., no higher retention where variable 
retention is practiced on BC’s coast; no lower retention where light partial cutting dominates in 
BC’s southern Interior).  A useful approach, and a next step in this project, is to use the overall 
synthesized results as prior distribution to be combined with local monitoring data in a Bayesian 
framework (Gelman et al 2003). 


A Bayesian approach would also allow the incorporation of several other sources of 
information on bird responses, including information from studies that have looked at how 
habitat structures (e.g. snags, shrub cover, etc.) respond to retention levels and the many 
studies that have measured how birds respond to these structures.  Incorporating this additional 
information would be difficult, however, because most studies measure different sets of habitat 
structures and few present the results in a basic, unprocessed form. 


A useful additional step would be collating studies that have measured both relative 
abundance and a more direct measure of fitness – life-time reproductive success or 
components thereof – or rate of population change.  This collation could be used to derive a 
function relating relative abundance to the more meaningful fitness measures.  The uncertainty 
of this function would be an added component of uncertainty in the birds’ response curves. 
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Appendix 1.  Species codes, names, and sample sizes.  See matching graphs of results 
in Appendix 2.  


Species 
code 


Species name Studies Partial 
retention 


treatments 


Count in 
uncut 


Count in 
treatments 


AMRE American robin 13 28 443 711 
AMRO American redstart 30 58 1105 2748 
BAWW Black-and-white warbler 8 15 153 680 
BCCH Black-capped chickadee 19 41 411 1349 
BHCO Black-headed cowbird 11 20 170 982 
BHVI Blue-headed vireo 5 11 66 69 
BLJA Blue jay 9 20 140 420 
BLWA Blackburnian warbler 6 14 322 356 
BOCH Boreal chickadee 6 18 47 14 
BRCR Brown creeper 27 49 1143 935 
BTBW Black-throated blue warbler 7 17 431 910 
BTNW Black-throated green warbler 15 33 677 779 
BTYW Black-throated gray warbler 5 10 324 258 
CAVI Cassin's vireo 11 21 761 1274 
CAWA Canada warbler 6 14 89 107 
CAWR Carolina wren 5 12 113 447 
CBCH Chestnut-backed chickadee 10 22 1342 2702 
CEWX Cedar waxwing 5 9 27 121 
CHSP Chipping sparrow 19 37 1191 2369 
DEJU Dark-eyed junco 33 75 3244 10322 
DOWO Downy woodpecker 7 11 93 235 
EVGR Evening grosbeak 8 15 231 571 
EWPE Eastern wood-pewee 10 23 379 794 
GCFL Great crested flycatcher 6 12 124 293 
GCKI Golden-crowned kinglet 27 65 3407 2763 
GRJA Gray jay 18 42 306 402 
HAFL Hammond's flycatcher 6 12 187 656 
HAWO Hairy woodpecker 27 54 329 840 
HETH Hermit thrush 21 45 750 1086 
HEWA Hermit warbler 5 10 1632 2713 
LEFL Least flycatcher 10 22 386 259 
MacWA MacGillivray's warbler 7 15 177 613 
MagWA Magnolia warbler 7 15 264 106 
MOCH Mountain chickadee 13 25 917 1106 
MOWA Mourning warbler 6 12 203 336 
NOFL Northern flicker 16 31 338 591 
NOPA Northern parula 5 13 142 353 
OCWA Orange-crowned warbler 9 19 141 1460 
OVEN Ovenbird 20 45 1595 1519 
PISI Pine siskin 19 44 1091 2226 
PIWO Pileated woodpecker 11 19 169 208 
PSFL Pacific-slope flycatcher 7 18 2108 2495 
PUFI Purple finch 6 12 27 249 
RBGR Pose-breasted grosbeak 14 29 180 453 
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RBNU Red-breasted nuthatch 35 74 1960 2109 
RBSA Red-breasted sapsucker 6 16 134 344 
RCKI Ruby-crowned kinglet 18 37 791 647 
RECR Red crossbill 9 20 419 1055 
REVI Red-eyed vireo 21 47 2196 3325 
RNSA Red-naped sapsucker 6 11 120 316 
SCTA Scarlet tanager 12 27 358 671 
STJA Steller's jay 15 34 701 1158 
SWTH Swainson's thrush 29 69 1797 2715 
TEWA Tennessee warbler 7 20 196 253 
TOSO Townsend's solitaire 9 15 244 408 
TOWA Townsend's warbler 10 21 1649 1841 
TUTI Tufted titmouse 5 12 274 502 
VATH Varied thrush 12 25 688 868 
VEER Veery 7 14 127 350 
WAVI Warbling vireo 15 26 653 1221 
WBNU White-breasted nuthatch 15 30 538 630 
WETA Western tanager 24 48 1357 2280 
WIWA Wilson's warbler 9 20 787 1995 
WIWR Winter wren 23 52 2426 4266 
WOTH Wood thrush 8 17 216 285 
WTSP White-throated sparrow 7 17 357 698 
WWCR White-winged crossbill 6 20 41 114 
YBSA Yellow-breasted sapsucker 11 24 199 408 
YRWA Yellow-rumped warbler 32 70 2980 3837 
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Appendix 2.  Species codes and graphs of results.  See matching species names in 
Appendix 1. 
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