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Abstract

Managed forests of North America provide important 
breeding and wintering habitat for many bird species. It 
is therefore essential that we understand all aspects of 
bird-forestry relationships if forest managers are to bal-
ance the needs of birds with timber harvest objectives. 
To help meet this need, here we provide a review of 
116 research articles, dating from 1960 to 2002, which 
have examined bird-forestry relationships in managed 
forests across North America. We emphasize patterns 
in response of birds to silviculture, discuss how for-
estry practices might be used to enhance habitat for 
birds, synthesize management recommendations, and 
offer suggestions for future research. The majority of 
studies reviewed occurred in northeastern (27 percent) 
or northwestern (19 percent) North America. Clearcut-
ting (72 percent of studies) has been examined more 
than any other silvicultural technique. Studies have 
primarily focused on breeding songbirds (67 percent) 
and have mostly collected data on relative avian 
abundance (65 percent); avian demographics (e.g., nest 
success or productivity) have rarely been studied (13 
percent). The response of birds to forestry practices has 
been mixed and highly species-specific, but in general, 
net change in community richness following timber 
harvest was negligible. Among silvicultural practices, 
uneven-aged management (e.g., selection harvest) 
appears to be the most favorable for birds. In contrast, 
snag removal was highly deleterious, with >80 percent 
of studies reporting net species loss; net gain was never 
reported. Short-term effects (0–5 years) were more 
commonly found than no effect, with bird population 
decreases being reported more often than increases. In 
contrast, long-term effects (10+ years) were mostly 
negligible, but when effects were identified, they tend-
ed to be more beneficial than deleterious. Reports of 
severe deleterious effects were both rare and tempo-
rary. Causal mechanisms that might drive observed 
patterns between birds and forestry were deductively 
inferred in 72 percent of studies. Management recom-
mendations were not made in the majority of cases (69 

percent). Our review suggests that opportunities to 
enhance habitat for birds through forestry will vary 
from species to species. Management objectives, in ad-
dition to being compatible with ownership objectives, 
should be prioritized based upon those bird species that 
are sensitive to forestry and showing sharp declines. 
Future research on bird-forestry relationships needs to 
be more mechanistic, manipulative, and long-term. 
What is ultimately needed are resourceful ways to inte-
grate stand- and landscape-level features created by 
forestry with those required by birds for sustained 
avian population health and viability. 

Key words: causal mechanisms, cavity-nesting birds, 
community response, forest management, forestry 
practices, research needs, silviculture, songbirds, tim-
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Introduction

North American forests provide important breeding 
and wintering habitat for many bird species (DeGraaf 
et al. 1991a, Rappole 1996). These forests are not only 
important to birds, but also provide wood products for 
an ever-expanding human population. Given increasing 
demands for such products, management of forests is 
inevitable and widespread. Approximately one-third of 
the U.S. land area is forested (298 million ha; Powell et 
al. 1993). Forests considered commercial timberlands 
capable of management for commodity extraction 
(henceforth “managed forests”) comprise approximate-
ly 198 million ha, or two-thirds of all forest land in the 
U.S. Seventy-three percent (145 million ha) of these 
timberlands are privately owned and managed (116 
million ha owned by non-industry landowners; 29 mil-
lion ha owned by the forest products industry), while 
the remaining 27 percent are managed by public land-
management agencies (Powell et al. 1993). Thus, it is 
crucial to understand bird responses to silviculture 
throughout managed forests of the U.S. 

Research efforts to understand general relationships 
between forestry practices and bird populations have 
increased throughout the past quarter century 
(Sallabanks et al. 2000). These efforts have perhaps 
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been driven by reports of declines in some migratory 
songbird populations (e.g., Robbins et al. 1989, 
Peterjohn et al. 1995). Research on bird-forestry rela-
tionships may be especially critical considering that 
approximately one-third of all migratory bird species 
are forest-dependent during one or more phases of their 
life cycle (Rappole 1996). Furthermore, permanent 
resident species may be even more dependent on man-
aged forests than many Neotropical migrants because 
of their year-round use of such habitat. Indeed, evi-
dence suggests that permanent residents, as a group, 
may be more strongly influenced by forestry practices 
than migratory species (Hejl et al. 1995).  

We conducted a continent-wide review of studies that 
have examined bird-forestry relationships in managed 
forests across North America. Sallabanks et al. (2000) 
provided an evaluation of research on the effects of 
timber harvest on bird populations that focused on the 
kind of research that has been conducted, a critical as-
sessment of its effectiveness, and suggested future di-
rections. Here, we also characterize the nature of such 
studies (e.g., where conducted, in what habitats, which 
silvicultural techniques, and experimental design), but 
focus more on the response of birds to silviculture, 
examine relationships between birds and habitat fea-
tures created by forestry, and synthesize management 
recommendations. Our review summarizes previous 
research, identifies key findings and trends, presents 
some unifying principles, and highlights information 
gaps and future research needs. Finally, we discuss 
how forestry practices might be used to enhance habitat 
for birds and offer suggestions on how avian conser-
vation and timber production might become more 
complimentary.  

Methods

We used two techniques to identify as many studies as 
possible that addressed relationships between forestry 
practices and bird populations in North America: (1) an 
extensive literature search which provided published 
studies in refereed scientific journals, USDA Forest 
Service publications (e.g., General Technical Reports, 
Research Papers, and Research Notes), and symposium 
proceedings; and (2) a letter sent to 23 forest products 
companies requesting reprints, submitted manuscripts, 
annual reports, and study proposals which yielded in-
formation on past studies, as well as those that were 
still ongoing or even planned for the near future. To be 
included in our review, studies must have been con-
ducted within North America (48 contiguous United 
States, Alaska, Canada, and Mexico) and specifically 
address relationships between silvicultural practices 
and birds. University dissertations and theses were not 

considered. We did not include studies of forest frag-
mentation, patch size, or edge effects unless recent (last 
25–30 years) silvicultural techniques were involved 
and well described (e.g., Schmiegelow et al. 1997). 
These topics have been recently reviewed elsewhere 
(e.g., Paton 1994, Faaborg et al. 1998). Neither did we 
include studies that described general bird-habitat 
relationships or behavior (e.g., foraging; Conner and 
Crawford 1974, Franzreb 1983), even if conducted in 
managed forests, unless direct references to forestry 
were discussed or implied. Modeling efforts that de-
scribed simulated responses of birds to forestry prac-
tices also were omitted (e.g., Hansen et al. 1993, 
1995a; Thompson 1993). 

Our objective was to focus primarily on common 
breeding birds, especially passerines and cavity-
nesters. We excluded studies of species listed as 
Threatened or Endangered, such as the Northern 
Spotted Owl (Strix occidentalis; Irwin et al. 1991, 
Meyer et al. 1998), Marbled Murrelet (Brachyramphus 

marmoratus; Courtney 1995, Nelson and Sealy 1995, 
Ralph et al. 1995), Northern Goshawk (Accipiter gen-
tilis; Crocker-Bedford 1990, Finn et al. 1997), and 
Red-cockaded Woodpecker (Picoides borealis; Wood 
et al. 1985, Conner and Rudolph 1991; Conner et al. 
1991, 1995). Finally, although they are silvicultural 
practices, we did not include studies of regeneration, 
site preparation, or animal damage control in our re-
view. Instead, we chose to focus on those silvicultural 
techniques that involve manipulation of stand density 
and distribution. Studies of birds that involve forestry 
practices other than tree removal are rare (e.g., effects 
of herbicide and fertilizer treatments; see McComb and 
Rumsey 1983, Thiel 1987) and we urge that more 
focus be put on this important topic in the future. 

All articles in our review were first classified by each 
of 22 study criteria and “scored” using a variety of 
classification “fields” (table 1). In most cases, the ap-
propriate classification field was gleaned directly from 
the article being reviewed; in others, a simple re-
analysis of available data was required, such as when 
calculating overall avian community response (table 1,
criteria no. 14) if this had not been done by the original 
author(s). Usually, only one classification field could 
be listed per review criterion (e.g., the study was con-
ducted in the northwest, but not in the northwest and 
the southeast). In some cases, however, multiple clas-
sification fields could be applied to the same study 
(e.g., studies that examined a variety of silvicultural 
techniques); in such cases, all fields that were appro-
priate were included in our analyses (see Appendix 1
for a summary of field scores for all studies included in 
our review).  
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Table 1—List of criteria used to classify literature on the effects of forestry practices on bird populations in 

managed forests of North America. 

No. Review criteria Classification fields 
1 Geographical region of study north (AB, MI, MN, NS, ON, WI); northwest (AK, BC, ID, MT, OR, WA); 

west (CA, CO, UT, WY); southwest (AZ); south (AR, TX); southeast 
(AL, FL, NC, SC); east (KY, MD, VA, WV); northeast (MA, ME, NH, 
NY, PA, PQ, VT); Midwest (MO) 

2 Forest habitat coniferous; hardwood; mixed coniferous-hardwood 
3 Silvicultural prescription1 clearcut; group selection; shelterwood; single-tree selection; 

(pre)commercial thin; snag removal/retention; salvage logging 
4 Prescription category even-aged; uneven-aged; snag removal 
5 Spatial scale of study edge; stand; landscape/watershed 
6 Study duration number of years study was conducted (field seasons of data) 
7 Pre-/post-treatment data yes; no 
8 Degree of replication mean number of replicate experimental units per silvicultural treatment 
9 Type of study mensurative (i.e., observational/correlative); manipulative experiment 
10 Bird species or nest type studied breeding birds; wintering birds; year-round birds; cavity nesters; single 

species; real nest success; artificial nest predation 
11 Data type collected relative abundance; density; demographics (e.g., nest success, mist-netting, 

artificial nest studies) 
12 Effects on avian abundance2 abundance increased; abundance decreased; no effect (no 

difference/change); mixed (e.g., breeding bird patterns  winter bird 
patterns or relationships changed over time) 

13 Effects on species richness 
(“richness” defined as number 
of species)2

richness increased; richness decreased; no effect (no difference/change); 
mixed (e.g., breeding bird patterns  winter bird patterns or relationships 
changed over time) 

14 Overall community response2 the number of species that increased in abundance > those that decreased; 
the number of species that increased in abundance < those that decreased; 
the number of species that increased in abundance = those that decreased 

15 Effects on nest survival2 nest success increased; nest success decreased; no effect (no 
difference/change) 

16 General effects of forestry3 minor; moderate; major 
17 Short-term (0–5 years) effects2 increase in parameter measured (i.e., avian abundance, species richness, or 

nest success); decrease in parameter measured; no effect (no 
difference/change) 

18 Long-term (10+ years) effects2 increase in parameter measured (i.e., avian abundance, species richness, or 
nest success); decrease in parameter measured; no effect (no 
difference/change) 

19 Causal mechanisms identified none; habitat features (e.g., snag density, understory structure, canopy 
cover); predators; food resources; physical features; landscape features 

20 Vegetation data collected yes; no 
21 Bird-habitat relationships yes; no 
22 Management recommendations 

made 
none; specific recommendations (e.g., leave snags, maintain light overstory, 

incorporate old growth features) 
1 “Single-tree selection” included “selective logging” and “best management practice cuts”; “(pre)commercial thinning” included 

“overstory removal”, “understory removal”, and “two-age” or “two-story cutting”. All other types of silviculture were as listed.
2 Results include scores for only those studies where these criteria were applicable and/or analyzed. 
3 The general effects of forestry practices were determined by interpreting the magnitude of effects reported in each article, relative to all 

other articles included in the review (e.g., based upon the number of species responding to silvicultural treatments); this particular
criterion is therefore a subjective, qualitative, and relative measure. 
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Results

Studies on Forestry Practices and Bird 
Populations

We reviewed 116 research articles dating from 1960–
2002 that addressed effects of forestry practices on bird 
populations (Appendix 1). Studies were conducted 
throughout North America, but almost half occurred in 
either the northeast or the northwest (northeast, 27 
percent [n = 31]; northwest, 19 percent [n = 22]; south-
east, 11 percent [n = 13]; north, 10 percent [n = 12]; 
southwest, 9 percent [n = 10]; east, 9 percent [n = 10]; 
west, 9 percent [n = 10]; south, 4 percent [n = 5]; 
Midwest, 2 percent [n = 2]). Effects of management in 
coniferous forest (39 percent [n = 45]) have been 
studied more frequently than in hardwoods (32 percent 
[n = 37]) or mixed coniferous-hardwood forest (29 per-
cent [n = 34]). The most common silvicultural system 
studied has been clearcutting, with 84 (54 percent) 
studies reviewed having some component that examin-
ed this particular method of timber harvest. Other 
silvicultural practices that have been examined include 
commercial thinning (21 percent [n = 33]), single-tree 
selection (11 percent [n = 17]), snag management (6 
percent [n = 10]), group selection (5 percent [n = 7]), 
shelterwood cuts (2 percent [n = 3]), and salvage log-
ging (1 percent [n = 1]). The spatial scale of studies 
was typically small, either being limited to the stand 
level (87 percent, n = 106) or forest edges (5 percent, n 
= 6). Landscape-level studies, where effects of forestry 
were examined at larger scales (e.g., watersheds), were 
rare (8 percent, n = 10), and have occurred relatively 
recently (all 10 studies were published since 1995). 

Studies on bird-forestry relationships typically have 
lasted 1–2 years (expressed as the number of field sea-
sons in which data were collected; for all studies, mean 

 1 SE = 2.35  0.14); only six studies (5 percent) in 
our review reported data collected in more than four 
field seasons. The majority of studies were retrospec-
tive (i.e., data were not collected prior to timber 
harvest; 78 percent, n = 91); pre- and post-treatment 
comparisons were therefore limited (22 percent, n = 
25). Replication of experimental units was low. Most 
studies (26 percent, n = 30) had only one replicate per 
treatment (for all studies, mean  1 SE = 5.55  1.49). 
All studies in our review were mensurative (observa-
tional or correlational); none incorporated a manipulat-
ive experimental design where treatments were ran-
domly assigned to experimental units (Hurlbert 1984). 

With respect to which species of bird were typically 
studied, breeding birds (primarily songbirds) were the 
norm (67 percent [n = 80]). Others included year-round 
residents (13 percent [n = 15]), artificial nests (7 per-
cent [n = 8]), real nest success (4 percent [5]), cavity 

nesters (4 percent [5]), single species (3 percent [n = 
3]), and wintering birds (2 percent [n = 2]). Finally, the 
majority of studies on bird-forestry relationships col-
lected data on relative avian abundance (primarily 
using point counts; 65 percent, n = 78), rather than den-
sity estimates (primarily from spot-mapping; 22 per-
cent, n = 27) or demographics such as nest success, 
rates of nest depredation, or productivity (primarily 
from nest monitoring, artificial nest experiments, or 
mist-netting; 13 percent, n = 16). 

Effects of Forestry Practices on Birds 

Avian Abundance 

Seventy-nine percent (n = 92) of studies provided data 
that allowed us to classify them with respect to effects 
of forestry practices on avian abundance (typically 
measured as relative abundance or density, but basic-
ally reflecting numbers of individual birds). In general, 
all forestry practices considered together tended to 
result in more decreases in avian abundance (32 per-
cent, n = 29 studies) than increases (24 percent, n = 22 
studies). Twenty-six percent (n = 24) of studies found 
no changes in abundance; eighteen percent (n = 17) of 
studies found “mixed effects” (e.g., abundance in-
creased for breeding birds, but decreased for wintering 
birds). When the silvicultural method being studied 
was snag removal (n = 5), decreases in abundance 
always were reported.  

Species Richness and Compositional Changes 

Seventy-four percent of studies (n = 86) reported 
changes in species richness (numbers of species) in 
response to forestry practices. Richness decreased in 33 
percent (n = 28) of studies, increased in 27 percent (n = 
23), and remained unchanged in 26 percent (n = 22). In 
15 percent of studies (n = 13), response of species 
richness to forestry practices was mixed (i.e., breeding 
bird responses differed from wintering bird responses 
and/or responses changed over time). Overall avian 
community response (number of species increasing in 
abundance vs. number decreasing) to forestry practices 
was determined for 78 percent (n = 91) of studies. 
Although 43 percent (n = 39) of studies found more 
species decreased than increased, an equal number (42 
percent, n = 38) found more species increased than 
decreased; 15 percent (n = 14) found the number of 
species increased to be equal to the number decreased. 
When analyzed with respect to silvicultural method, 
overall community response was negligible for even-
aged management, more species increased than de-
creased for uneven-aged management, and many more 
species decreased than increased for snag removal.  

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

348



Bird-Forestry Relationships – Sallabanks and Arnett 

Nesting Success 

Relationships between nest success (or predation rate) 
and forestry could be assessed for 14 of 16 studies that 
collected demographic data. In response to forestry, 
reduced rates of nest success were more commonly 
reported (42 percent, n = 6) than increased rates (29 
percent, n = 4) or no effects (29 percent, n = 4). 
Approximately half of the studies that examined nest 
success did so using artificial nest experiments which 
have been criticized in the scientific literature (see 
Discussion). With respect to responses to forest prac-
tices, however, results from artificial nest experiments 
were qualitatively the same as those from studies of 
real nests.  

Magnitude of Effects 

General effects of forestry practices were determined 
by interpreting the magnitude of effects reported in 
each article, relative to all other articles included in our 
review; this particular criterion is therefore a subjec-
tive, qualitative, and relative measure. If, for example, 
relatively few species were affected, or changes in 
avian abundance, richness, community composition, or 
nest success were relatively minimal, general effects of 
forestry were scored as being “minor.” If, on the other 
hand, relatively large numbers of species were affected 
or changes were relatively severe (e.g., some species 
disappeared altogether), general effects were scored as 
“major”, and so on. In this way, we found most studies 
to report “moderate” (48 percent, n = 56) to “minor” 
(44 percent, n = 51) effects; “major” effects were rarely 
reported (8 percent, n = 9). For nine studies classified 
as having “major” effects, most (n = 6) documented 
decreases in the avian population parameter being 
measured; half of these (n = 3) were in relation to 
intermediate cutting prescriptions (again, snag removal 
per se).  

Duration of Effects

Short-term (0–5 years) vs. long-term (10+ years) ef-
fects of forestry practices on bird populations were 
assessed for 38 percent (n = 44) of studies; some 
examined short- or long-term effects, and some both. 
The majority of these results are based on reported 
changes in bird abundance and species richness (only 
four studies of nest success addressed short- vs. long-
term effects). Short-term effects were found more 
commonly than no effect, with population decreases 
(“deleterious” effects; 50 percent, n = 23) being re-
ported more often than increases (“beneficial” effects; 
33 percent, n = 18). In contrast, long-term effects were 
mostly negligible (62 percent, n = 23), but when effects 
were identified, they were more beneficial (24 percent, 
n = 9) than deleterious (14 percent, n = 5). 

Mechanisms Driving Bird-Forestry 
Relationships

Causal mechanisms (proximate factors) that might 
drive observed relationships between birds and forestry 
were deductively inferred in 72 percent (n = 84) of 
studies included in our review. Proximate factors (e.g., 
habitat structures) are assumed to lead to changes in 
ultimate factors (e.g., nest site or food availability) that 
can directly influence population viability of birds. 
Habitat structure, such as understory cover or tree 
stocking density, do not directly affect avian productiv-
ity (i.e., number of young produced per nest) and are 
therefore considered proximate factors or mechanisms. 
On the other hand, predator density and food availabil-
ity, which may be driven by habitat structure, clearly 
have the potential to directly influence avian fitness 
and are therefore considered ultimate factors or mecha-
nisms. Ultimate factors are rarely discussed in studies 
of bird-forestry relationships. In our review, the most 
frequently suggested proximate mechanism for bird 
responses to forestry was change in habitat structure 
(53 percent, n = 64). Of those studies that did list 
habitat structure as the reason for changes or responses 
of birds to forestry practices, 42 percent (n = 27) did 
not give measured details on specific variables. Of 
those that did, snag density (18 percent, n = 16), 
understory structure (16 percent, n = 15), and canopy 
cover (9 percent, n = 8) ranked highly. Many studies 
(60 percent, n = 70) did collect data on habitat char-
acteristics, yet only a subset of these (22 percent, n = 
25) used the data to interpret bird-forestry relation-
ships. 

Management Recommendations 

Specific management recommendations were not re-
ported in the majority of cases (69 percent, n = 80). 
When management recommendations were suggested, 
they were highly variable and case-specific. The most 
common recommendations were to leave and/or create 
snags (24 percent, n = 15), leave uncut reserves and 
maintain residual old growth clumps (13 percent, n = 
8), incorporate features of old growth forest into 
younger stands (8 percent, n = 5), enhance vegetative 
diversity (especially in the understory) by creating light 
gaps (8 percent, n = 5), and retain large contiguous 
forest tracts with few openings (i.e., minimize forest 
fragmentation; 8 percent, n = 5). 

Discussion 

Much has been learned about relationships between 
birds and forestry since research began on this subject 
almost four decades ago with the work of Hagar 
(1960). Studies have occurred in all major forest types 
(coniferous, hardwoods, and mixed coniferous-hard-
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wood), and most efforts have focused in the north-
eastern and northwestern regions of North America. 
Overwhelmingly, effects of clearcut harvesting on 
birds have been studied more than any other form of 
forest management. Moreover, these studies have been 
short-term and conducted at the stand level. Historic-
ally, clearcutting has been the predominant method by 
which to harvest timber. Whereas the current trend is a 
decline in use of clearcut harvesting on federal lands 
(G. Lettman, Oregon Dept. Forestry, pers. comm.), this 
silvicultural practice will likely continue to be very 
important on private lands, which comprise the bulk of 
managed forest in the U. S. (Powell et al. 1993). To 
continue conducting research that is of highest rele-
vance to forest managers, it is important to consider 
which silvicultural techniques are currently being prac-
ticed when designing research projects. One way to 
ensure that experimental treatments being studied will 
have relevance to current forest management is to 
include managers during development of research pro-
jects (Finch and Patton-Mallory 1993, Arnett and 
Sallabanks 1998). 

Effects of Forestry Practices on Bird 
Populations

Combining results from all studies (i.e., disregarding 
the silvicultural prescription examined), effects of for-
estry practices on birds have been very mixed, but 
generally have resulted in few net changes in either 
avian abundance (number of birds) or species richness 
(number of species). Approximately one-quarter of 
studies report no response. Because most silvicultural 
treatments will benefit some species and not others, 
management for high avian “biodiversity” may be a 
hollow goal (Hansen et al. 1995b). Thus, it seems pru-
dent that management objectives to enhance habitat for 
birds should be specific and driven by the highest 
priority species in the region. Partners in Flight (PIF) 
priority species scores (Carter et al. 2000) could pos-
sibly be used to identify focal species. To facilitate 
their implementation, avian conservation strategies 
should consider perspectives and management objec-
tives of private landowners as well as public land-
management agencies. 

Effects of forestry on birds therefore appear to be more 
meaningfully evaluated if done at the species level 
rather than the community level. Without exception, all 
studies included in our review reported mixed results 
with respect to individual species’ responses: some 
birds either increased post-harvest or were more abun-
dant in logged habitat, others either decreased post-
harvest or were less abundant in logged habitat, while 
still others were unaffected. The magnitude and direc-
tion of these relationships varied across studies, even 

within species, often depending upon the forestry prac-
tices employed, region and habitats examined, dura-
tion, and season of study. In order to summarize these 
relationships, the number of species increasing was 
compared to the number decreasing for all possible 
studies. The results were almost identical and suggest 
that for every species negatively impacted by forestry, 
one is positively impacted, and vice versa. This result 
further emphasizes the need for species-specific man-
agement strategies in combination with general efforts 
to improve forest habitat for all birds. In addition, these 
results suggest that a variety of habitats, or a wide 
range of variation in key habitat structures, is necessary 
to support entire bird communities. Our review also 
demonstrated that effects at one spatial scale can be 
quite different from those at another. Thus, while 
stand-level abundance can decrease for a species, forest 
managers actually might have opportunities to increase 
abundance for that species at a larger spatial scale. 

Although our review indicates that no forestry tech-
nique will benefit all species, uneven-aged manage-
ment practices (i.e., single- and group-tree selection) 
did result in a greater number of species showing 
population increases than decreases, as compared with 
even-aged prescriptions such as clearcutting and shel-
terwood cuts. What seems to be particularly detri-
mental to forest avifauna is removal of snags. When 
prescriptions involved manipulation of snag densities, 
either by removing (Kilgore 1971, Scott 1979, Dingle-
dine and Haufler 1983, Scott and Oldemeyer 1983, 
Schreiber and deCalesta 1992), retaining (Dickson et 
al. 1983, Zarnowitz and Manuwal 1985, Stribling et al. 
1990, Schreiber and deCalesta 1992, Welsh et al. 
1992), or creating (McPeek et al. 1987) snags, bird 
numbers were typically found to be positively corre-
lated with snag density. Unlike even-aged and uneven-
aged management practices, removal of snags never 
resulted in more species increasing in abundance than 
decreasing. The importance of snags to birds is well-
known (Davis et al. 1983 and references therein, Bull 
et al. 1997, references above), not only to cavity 
nesters, but also songbirds (Sallabanks et al. 2002) that 
may use snags for nesting, perching, foraging, singing, 
and scanning for predators.  

Effects of Forestry Practices on Bird 
Species

Species-specific responses to forestry are obviously 
highly variable and difficult to summarize given the 
broad geographical range of studies included in our 
review. Using representative studies, however, here we 
offer some generalizations about which species exhib-
ited significant responses to a variety of silvicultural 
techniques. In Maine, for example, Derleth et al. 
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(1989) found the White-throated Sparrow (Zonotrichia 

albicollis), Common Yellowthroat (Geothylpis tri-
chas), American Robin (Turdus migratorius), and 
Common Grackle (Quiscalus quiscula) to be more 
abundant in clearcut areas than the surrounding forest 
edge. These are species well-known to use patchy or 
early successional habitat (see also Webb et al. 1977 
and Titterington et al. 1979). The Red-breasted Nut-
hatch (Sitta canadensis) and Cape May Warbler (Den-

droica tigrina) were two species found to be intolerant 
of forest openings and adjacent forest edges in Maine 
(Derleth et al. 1989). Like Townsend’s Warbler (Den-

droica townsendi) in the west (Sallabanks et al. 2002), 
these species appear to favor dense forest stands with 
closed canopies. 

In response to fuelwood cutting in southern New 
England, the Ovenbird (Seiurus aurocapillus), Hermit 
Thrush (Catharus guttatus), and Wood Thrush (Hylo-

cichla mustelina) decreased in number (Chadwick et al. 
1986). More species were found in cut stands than 
uncut stands, however, and included the Spotted Tow-
hee (Pipilo erythrophthalmus), Common Yellowthroat, 
Blue Jay (Cyanocitta cristata), Black-and-white War-
bler (Mniotilta varia), and Chestnut-sided Warbler 
(Dendroica pensylvanica). Bird communities of uncut 
stands were dominated by species that prefer mature, 
closed-canopy forests and by cavity nesters (Chadwick 
et al. 1986). 

In the southwest, Szaro and Balda (1979) found species 
such as the White-breasted Nuthatch (Sitta carolinen-

sis), Grace’s Warbler (Dendroica graciae), Chipping 
Sparrow (Spizella passerina), Broad-tailed Humming-
bird (Selasphorus platycercus), and Western Bluebird 
(Sialia mexicana) to have their highest population den-
sities in treated plots, indicating density increases in 
response to openness. In contrast, numbers of Red-
faced Warbler (Cardellina rubrifrons), Pygmy Nut-
hatch (Sitta pygmaea), Cordilleran Flycatcher (Empi-

donax occidentalis), Violet-green Swallow (Tachy-
cineta thalassina), and Black-headed Grosbeak 
(Pheucticus melanocephalus) were significantly re-
duced as intensity of timber harvest increased (e.g., 
heavily thinned and clearcut treatments).  

In the Douglas-fir (Pseudostuga menziesii) region of 
northwestern California, Hagar (1960) found the fol-
lowing seed-eating birds to increase in number in 
response to clearcutting: Dark-eyed Junco (Junco 

hyemalis oreganus), Spotted Towhee, Mountain Quail 
(Oreortyx pictus), Golden-crowned Sparrow (Zono-

trichia atricapilla), and Fox Sparrow (Passerella il-

iaca). Edges were used by the Red-breasted Nuthatch 
and Chestnut-backed Chickadee (Parus rufescens)
although these species responded negatively to cutting 
practices in general. Other species found to have lower 

abundance in “cutovers” compared with old growth 
forest included the Hermit Thrush, Golden-crowned 
Kinglet (Regulus satrapa), and Pileated Woodpecker 
(Dryocopus pileatus).

Several studies that specifically addressed snag mani-
pulations identified several cavity-nesting birds that 
had lower numbers in areas without snags. In Arizona, 
these included the Northern Flicker (Colaptes auratus), 
Violet-green Swallow, and Pygmy Nuthatch (Scott 
1979, Scott and Oldemeyer 1983); in Texas, these in-
cluded the Great Crested Flycatcher (Myiarchus cri-
nitus), Red-headed Woodpecker (Melanerpes erythro-

cephalus), Downy Woodpecker (Picoides pubescens), 
Red-bellied Woodpecker (Melanerpes carolinus),
Hairy Woodpecker (Picoides villosus), and Carolina 
Chickadee (Parus carolinensis) (Dickson et al. 1983). 
Clearly, dependency of cavity nesters on snags is one 
reason why silvicultural methods that include pre-
scriptions for snag removal have more profound effects 
on birds than others that do not target snags per se.

Due to the high degree of species-specific variability in 
relationships with forestry, guild-level responses (al-
though variable themselves) may be a more useful way 
to summarize which species are likely to benefit and 
which are not. Among foraging guilds, for example, 
granivorous and ground-gleaning species are likely to 
benefit from forestry practices because of the general 
increase in ground cover and associated food resources 
(Franzreb and Ohmart 1978, Szaro and Balda 1979, 
Maurer et al. 1981, Blake 1982, DeGraaf et al. 1991b, 
Tobalske et al. 1991). Aerial feeders also may benefit 
due to an increased ability to maneuver beneath forest 
canopies (Franzreb and Ohmart 1978, Szaro and Balda 
1979; but see Maurer et al. 1981, Scott et al. 1982). 
Foliage- and timber-gleaners are likely to be the most 
adversely affected by forestry, presumably due to a 
reduction in foraging substrates (leaves and bark, re-
spectively) and therefore fewer insects (Franzreb and 
Ohmart 1978, Maurer et al. 1981, Scott et al. 1982, 
Medin 1985, Medin and Booth 1989, Tobalske et al. 
1991, Probst et al. 1992; but see Szaro and Balda 1979, 
McPeek et al. 1987, Norton and Hannon 1997).  

Analyses of nesting guilds clearly show cavity nesters 
to respond negatively to logging, especially snag re-
moval (Scott 1979, Szaro and Balda 1979, Scott and 
Oldemeyer 1983, Medin 1985, Zarnowitz and Manu-
wal 1985, Medin and Booth 1989, Johnson and Brown 
1990, Greenberg et al. 1995; but see McComb et al. 
1989, Welsh et al. 1992). Shrub nesting species are 
more likely to benefit from forestry practices that 
create light gaps, open up the overstory, and promote 
development of the herbaceous layer (Hallock 1989–
1990; but see Norton and Hannon 1997). Results for 
ground (Medin 1985, Hallock 1989–1990, Tobalske et 
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al. 1991, Norton and Hannon 1997) and canopy (Szaro 
and Balda 1979, Greenberg et al. 1995, Norton and 
Hannon 1997) nesters appear to vary with management 
intensity. 

Effects of Forestry Practices on Avian 
Reproductive Success 

Forestry practices appear to have a greater impact on 
bird populations when nest success is considered rather 
than relative avian abundance or density. All studies (n 
= 16) of nest success included, at least in part, an 
examination of effects of clearcut harvesting. Because 
few nest studies have been conducted, however, our 
synthesis of results from this research should be treated 
cautiously. Moreover, half (n = 8) of the “nest success” 
studies included in our analyses were studies of ar-
tificial nests rather than real nests (Yahner and Scott 
1988, Yahner et al. 1989, DeGraaf and Angelstam 
1993, Rudnicky and Hunter 1993, DeGraaf 1995, 
Yahner and Mahan 1996a, Darveau et al. 1997, and 
Manolis et al. 2000). Results from such studies, while 
certainly of high utility, may not reflect true rates of 
nest success and may provide misleading information 
with respect to predation rates and predator identifi-
cation for several reasons (Wilson et al. 1998). For 
example, artificial nests lack parental defense of eggs 
and young. Moreover, all of the above eight studies 
used either chicken, Common Quail (Coturnix cotur-

nix), or Northern Bobwhite (Colinus virginianus) eggs 
in their artificial nest experiments. Use of large, artifi-
cial eggs has been criticized because they may be too 
large for certain nest predators (small mammals such as 
mice, squirrels, and chipmunks) to handle (Reitsma et 
al. 1990; Roper 1992; Haskell 1995a, 1995b; DeGraaf 
and Maier 1996; Yahner and Mahan 1996b). 

In future research on this important topic, we encour-
age use of smaller eggs, such as those of the House 
Sparrow (Passer domesticus), that more realistically 
mimic egg size of ground and low-shrub nesting song-
birds. Of eight artificial nest studies conducted, four 
found nest success to be lower in harvested plots 
(Yahner and Scott 1988, Yahner and Mahan 1996a, 
Darveau et al. 1997, Manolis et al. 2000), and three 
found negligible differences (Yahner et al. 1989, 
DeGraaf and Angelstam 1993, DeGraaf 1995). The 
only exception was the study of Rudnicky and Hunter 
(1993), who found success rates to be lower for nests 
placed in the forest compared with those placed in 
young, regenerating stands that were clearcut harvested 
3–10 years prior to data collection.  

When real nests were monitored, impacts of forestry 
practices on nest success were again found to be var-
iable. Barber et al. (2001) found that only three of nine 
species differed with respect to nesting success among 

silvicultural treatments in managed forests of the 
Ouachita Mountains, central Arkansas. In general, 
many species had nest success rates equal to or greater 
than those in previously published studies (most of 
which had occurred in unmanaged forests). Barber et 
al. (2001) found nesting success to be lowest in thinned 
stands (3–7 years post-thinned; 17–23 years old) for 
most nesting guilds due to high predation rates. This 
result could potentially be due to an abundant under-
story, which might support mammalian and reptilian 
predators. Thinned stands also had been pruned of low-
er limbs, therefore resulting in copious open space 
between the understory and the bottom of tree crowns. 
This could potentially have aided avian predators in 
their hunting and/or Brown-headed Cowbirds (Molo-

thrus ater) in their searching.  

Similar to Barber et al. (2001), Manolis et al. (2000) 
found thinned, even-aged, regenerating stands (mean 
age = 11.3 years) had greater nest predation rates. 
While Duguay et al. (2000) also found nest success to 
be higher in unharvested forest stands, no differences 
were found between clearcut (even-aged, regenerating 
stands, approximately 15 years old) and two-age (def-
erment) harvesting prescriptions. King et al. (2001) 
found no differences between clearcut and group selec-
tion prescriptions, but did report high survival rates in 
plots that had been clearcut harvested (4–5 years prior 
to data collection). In Oregon, Arnett et al. (2001) 
found that nest success in general was similar in 
salvage-logged stands of lodgepole pine (Pinus con-

torta) compared to unmanaged stands. Finally, Yahner 
(1991) found nest success to be independent of stand 
age (time since clearcut) and distance from clearcut 
edge. 

Differences between results of studies relying upon 
artificial nest experiments and those monitoring real 
nests may exist if predator assemblages between har-
vested and unharvested forest also differ. If for exam-
ple, relative to numbers of avian predators, small 
mammals (e.g., squirrels) are more abundant in for-
ested habitats than regenerating stands, artificial nest 
experiments may find higher predation rates in the 
latter and erroneously conclude that clearcutting is de-
leterious with respect to songbird populations. Clearly, 
more studies of effects of forestry practices on avian 
reproductive success and population viability are 
needed. 

Mechanistic Relationships  

To improve habitat for birds via forestry requires that 
we understand why a factor (e.g., overstory removal) 
causes a response (e.g., change in avian nest success); 
such processes are determined by mechanistic rela-
tionships (Marzluff et al. 2000). There are both prox-
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imate and ultimate mechanisms that may drive changes 
in bird populations responding to forestry practices and 
distinguishing between these two is important for mak-
ing accurate management recommendations. Nest-site 
availability (Martin 1993a, 1993b, 1995) and food 
availability (Martin 1987, 1995) are two ultimate 
mechanisms influencing health and viability of bird 
populations. Both of these forces will be driven by 
proximate mechanisms, such as changes in forest 
structure and/or landscape composition. Timber harvest 
will change forest stand structure in specific ways (e.g., 
reduction of overstory, reduction in total basal area, 
changes in stand structural heterogeneity, short-term 
reduction of understory vegetation, and long-term in-
crease in understory vegetation) that may influence 
availability of safe nest sites for songbirds and/or cause 
changes in resident insect populations (the primary 
food for forest-breeding bird species; see Duguay et al. 
2000). Changes in nest-site availability may lead to 
changes in nest predation rates and, therefore, avian 
fitness. Similarly, changes in insect populations may 
drive concurrent avian fitness changes if food avail-
ability is a more important mechanism than safe nest-
site availability in determining nest success (e.g., 
Burke and Nol 1998, Robinson 1998). In many cases, it 
may be difficult to identify factors or mechanisms di-
rectly influencing effects of forestry on bird popula-
tions. Numerous studies, for example, have found 
correlations between seral stage and avian abundance 
or species richness, and then used these relationships to 
discuss causal effects. Unfortunately, cause and cor-
relation are not the same thing, and indirect factors ap-
parently influencing bird populations have limited use, 
especially when making predictive statements about 
effects of a proposed harvest prescription. 

Unless direct mechanisms (both proximate and ulti-
mate) are identified, causal relationships cannot be un-
derstood and management recommendations will be 
severely limited (Marzluff et al. 2000). Our review 
indicated that potential mechanisms were deductively 
inferred in most cases (72 percent), but many consti-
tuted general statements about habitat structure (27 out 
of 64 articles). Specific habitat features were not 
described in many cases, which again offers little to 
forest managers. When specific structural characteris-
tics were mentioned, snag density and features of the 
understory were most frequently cited. We remain 
somewhat perplexed as to why most researchers took 
time to collect habitat data (60 percent), but then rarely 
(22 percent) used them to better interpret bird-habitat 
relationships.  

In only a few cases were specific bird-habitat rela-
tionships modeled using statistical procedures such as 
multiple regression (e.g., Titterington et al. 1979; 

Monthey 1983; Yahner 1986, 1987a; Hagar et al. 1996; 
Karriker 1996; Rogers et al. 1996). Such models are 
useful for identifying specific causal mechanisms and 
developing subsequent management guidelines. It is 
important to note that numerous studies that were not 
included in this review, because they were primarily 
concerned with describing bird-habitat relationships 
and not effects of forestry practices per se, also provide 
information which is highly pertinent to this discussion 
(e.g., Conner et al. 1975, Crawford et al. 1981, 
Kerlinger and Doremus 1981, Briggs et al. 1982, Niemi 
and Hanowski 1984, DeGraaf and Chadwick 1987, 
Dessecker and Yahner 1987, Yahner 1987b, Raphael 
1991, Adams and Morrison 1993, Hansen et al. 1995b, 
and Bosakowski 1997). 

Opportunities for Creating Habitat for 
Birds

Forest management practices and changing land-use 
patterns have reduced the abundance, distribution, and 
recruitment of snags in managed forests in several re-
gions of the U.S. (e.g., Thomas et al. 1979, Cline et al. 
1980, McComb et al. 1986, Land et al. 1989, Ohmann 
et al. 1994, Lewis 1998). To comply with State forest 
practices laws, coupled with the advent of habitat con-
servation planning as outlined in section 10 of the 
Endangered Species Act (Lewis 1998) and other land-
scape habitat management planning efforts (e.g., Sus-
tainable Forestry Initiative, American Forest and Paper 
Association), landowners and land management agen-
cies have undertaken efforts to maintain and create 
snags, or provide future snag resources through green-
tree retention. Numerous methods for creating snags 
and wildlife trees exist and could provide suitable hab-
itat for cavity- and snag-using wildlife (Lewis 1998). 
Chambers et al. (1997) suggested that creating snags by 
topping may retain or increase populations of cavity 
nesters in areas with low natural snag density. Green-
tree retention strategies have advanced to include pre-
scriptions that can vary the level and spatial pattern of 
retained trees to achieve specific objectives, such as 
mimicking the effects of natural disturbance (Lehm-
kuhl et al. 1999). Since large remnant snags and “def-
ective” residual green trees provide much of the snag 
habitat for cavity-nesters in early- to mid-successional 
stands, particularly on private lands (Ohmann et al. 
1994), retention of these structures will be important 
for maintaining populations of cavity- and snag-using 
avian species in managed forests. Snag retention and/or 
creation were the most commonly listed management 
recommendations from studies included in our review. 
We concur that leaving snags wherever possible is 
another important way that foresters can improve or 
maintain avian habitat quality within managed forest 
landscapes. We recommend additional research to un-
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derstand avian response to snag densities and distribu-
tions (at both stand and landscape scales) to maintain 
viable populations of avian species, particularly cavity-
nesters. Furthermore, studies addressing effectiveness 
of snag creation (e.g., Chambers et al. 1997, Arnett 
1998), foraging habitat requirements (Weikel and 
Hayes 1999), and green-tree retention strategies (e.g., 
Lehmkuhl et al. 1999) are warranted. 

Fuelwood cutting has not been found to adversely 
affect songbird populations, but may be detrimental to 
cavity nesters (Dingledine and Haufler 1983, Chadwick 
et al. 1986). Instances of large-scale snag removal 
occur primarily in the form of salvage logging fol-
lowing stand-replacement wildfire. Salvage logging 
typically influences vegetative structure by removing 
snags and down wood, and can represent either even-
aged (i.e., most or all trees removed from a stand; e.g., 
Saab and Dudley 1998) or uneven-aged (i.e., retention 
of varying densities of snags and/or green trees; e.g., 
Arnett et al. 2001). Relationships between forest 
avifauna and salvage logging are poorly understood 
and limited to only a few studies (Overturf 1979, 
Moeur and Guthrie 1984, Arnett et al. 2001, R. 
Sallabanks, unpubl. data). Bird response to different 
approaches to salvage logging and opportunities to 
maintain habitat structure for birds warrants further in-
vestigation.  

Shrub abundance is known to be directly influenced by 
forestry practices (Beck 1985), yet most studies in our 
review paid little attention to this potentially important 
source of structural variation within managed forest 
stands. In the Pacific Northwest, shrub cover has been 
found to be extremely important to forest songbirds, 
especially Neotropical migrants; over 80 percent of 
shrub-nesters in this region are migrants (Bunnell et al. 
1997). Forestry practices directly alter overstory 
conditions, which in turn influence dynamics of the 
understory, as light and moisture gradients change. 
Most researchers, when studying effects of forestry on 
birds, therefore tend to focus on collecting overstory 
habitat data, at the expense of data on understory 
structure and composition. We are concerned that 
vegetation sampling may lack sufficient rigor and 
intensity to adequately describe understory conditions 
for birds. Measures of shrub patch dynamics, height 
and layering of understory canopies, species identifica-
tion of shrubs, forbs, and grasses, and even canopy 
cover by major understory strata are rarely made. To 
significantly improve our understanding of relation-
ships between birds and forestry, we conclude that 
additional research is needed on overstory-understory 
dynamics (e.g., Johnson et al. 1993), and the interac-
tions between these dynamics and shrub-nesting birds 
in managed forests.  

Many studies, especially those that did not describe 
potential causal mechanisms, such as habitat structure, 
simply did not collect data necessary for specific 
management implications to be assessed. In the future, 
we encourage authors to end research articles with a 
discussion of management implications derived from 
their work. We stress that such discussion should take 
the form of potential implications and relevance for 
management opportunities to maintain or create habitat 
structure for birds, rather than listing specific manage-
ment recommendations per se. Quite often, researchers 
are tempted to make recommendations beyond the 
scope of their data, which can be counterproductive. 
Most studies (69 percent) did not make specific 
management recommendations. Understandably, when 
recommendations were made, they were very case-
specific and perhaps only relevant to the forests and 
birds in question. Generalized guidelines are difficult 
to make and may even be dangerous if applied 
elsewhere to other systems (Young and Varland 1998). 
For these same reasons, our ability to offer specific 
management recommendations based upon results of 
our review is limited. We caution that, because of the 
breadth of our review, which included all forest types, 
all forestry practices, and all regions of North America, 
our suggestions on how to enhance bird habitats 
through forestry also are broad.  

Suggestions for Future Research 

Study Design Considerations 

Designing and implementing rigorous field experi-
ments (i.e., those that are well-replicated, include treat-
ment groups randomly assigned to experimental units, 
and gather pre- and post-treatment data; Hurlbert 1984) 
is notoriously difficult to accomplish (Underwood 
1997), and research on effects of forestry practices on 
bird populations is no exception. To the extent pos-
sible, future studies of relationships between timber 
harvest and bird populations need to be more mech-
anistic, manipulative, and long-term in their approach. 
Sallabanks et al. (2000) provided a critical review of 
studies addressing effects of forestry practices on birds 
and offered suggestions for future research. Here, we 
synthesize key concepts and approaches for researchers 
to consider when designing studies to address the 
effects of forestry practices on birds.  

Most studies in our review were not rigorously design-
ed (i.e., they were descriptive, observational, appeared 
to have low statistical power [Steidl et al. 1997, Gerard 
et al. 1998]), and inferences about specific effects of 
forestry were limited and deductive at best. By incor-
porating more rigor to experimental design (e.g., rep-
lication, randomization), researchers can reduce or 
eliminate such factors affecting the interpretation of 
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findings. Studies of bird-forestry relationships with lit-
tle replication have low statistical power (Cohen 1988) 
and therefore are prone to concluding that a particular 
silvicultural treatment did not have an effect when in 
fact it did (Type II error; Zar 1996). Few studies in our 
review had more than four replicates per treatment, 
with the majority having only one. With only one rep-
licate in a treatment, researchers have no way of know-
ing whether results that they report are representative 
of that treatment or not. Other local factors (e.g., 
aspect, slope, elevation, or juxtaposition with other for-
est stands) may have more bearing on bird commu-
nities found on a site than silvicultural treatments in 
question (e.g., Irwin 1998). Studies with only one rep-
licate per treatment very likely were guilty of pseudo-
replication (Hurlbert 1984), and interpretations from 
these studies should be viewed cautiously. 

Few (22 percent) studies in our review incorporated 
pre- and post-treatment data (i.e., they were retrospec-
tive), and all studies were mensurative, where treat-
ment groups were not randomly assigned to experimen-
tal units (replicates). Snag creation research (Arnett 
1998), green tree retention (Lemkuhl et al. 1999), and 
bird response to thinning in Douglas-fir forests (Hayes 
et al. 2003) are the only manipulative studies we are 
currently aware of. An inherent problem associated 
with “observational” or “correlative” studies is that 
statistical inference is limited simply to differences 
among physical locations or points in time and is not 
relative to treatment effect (Hurlbert 1984, Heffner et 
al. 1996). Because observational studies provide only 
deductive and indirect inferences about relationships 
between forestry and birds, causal mechanisms under-
lying changes in bird communities following timber 
harvest cannot be directly determined. Studies in our 
review that suggested cause-and-effect relationships 
did so based on correlations. Romesburg (1981) noted 
that the history of science is replete with strong 
pronouncements of cause-and-effect based entirely on 
correlations. We agree with Romesburg (1981) that 
those studies where correlations are the sole evidence 
offer weak support for determining causal mechanisms 
relative to treatment effects. Forest managers need 
reliable information about mechanisms if they are to 
improve forest habitat for birds (Marzluff et al. 2000).  

We suggest that future research on effects of forestry 
practices on bird populations utilize the hypothetico-
deductive scientific method described by Romesburg 
(1981), and incorporate manipulative experiments 
where treatments are randomly assigned to experimen-
tal units. Random assignment of treatment provides an 
“unbiased” experiment that generally guarantees inde-
pendent distribution of errors, thereby allowing for ob-
jective statistical testing of treatment effects (Hurlbert 

1984). Furthermore, recent articles suggest the use of 
more informative and practical analytical methods such 
as confidence intervals or Bayesian methods (Steidl et 
al. 1997, Gerard et al. 1998). These approaches may 
offer greater insight to the practical importance and 
magnitude of a potential treatment effect than tra-
ditional hypothesis testing and, thus, may better guide 
management decisions (Steidl et al. 1997). Informa-
tion-theoretic approaches to modeling (e.g., Burnham 
and Anderson 1998) have become popular in recent 
years and appear useful toward developing more 
meaningful models that reduce the potential for spur-
ious results (Anderson et al. 2001). We therefore en-
courage researchers to explore these approaches when 
designing studies of bird-forestry relationships. 

Temporal and Spatial Scale 

If birds are found to respond to forestry, it seems im-
perative that we understand how long these effects 
remain. Studies in our review also were short-term, 
however, with data often only being collected during 
one to two field seasons. By far the longest study has 
been that of Webb et al. (1977), who surveyed breeding 
bird populations in a northern hardwood forest sub-
jected to different logging intensities for ten conse-
cutive seasons. Effects of forestry may be long-lasting 
(20+ years), or short-term (one to three years), but will 
remain ambiguous without studies that last longer than 
one to two years. Past research is characterized not 
only by small temporal scales, but small spatial scales 
as well. Landscape-level studies were rare and have 
been a relatively recent phenomenon (e.g., Hagan et al. 
1995, 1996, 1997; Tappe 1996; Schmiegelow et al. 
1997). 

Response of Birds to Forestry Practices 

Based upon results from our review, studies have fo-
cused heavily on relationships between forestry prac-
tices and breeding songbirds; wintering bird popula-
tions (i.e., permanent resident species) were surveyed 
in only 14 percent (n = 17) of studies. This result is 
biased by our decision to exclude studies of certain 
species (e.g., Threatened or Endangered species) from 
our review, but nevertheless illustrates the relative 
focus on breeding populations compared to wintering 
populations. Several factors have likely contributed to 
this bias: (1) relative to wintering birds, breeding 
songbirds are more easily sampled using standard point 
count surveys (Ralph et al. 1993); (2) field conditions 
are generally more conducive to collecting field data 
during spring and summer months; (3) more species 
are typically present during the breeding season, 
thereby seeming more cost-effective than sampling 
depauperate avian communities in winter; and (4) 
analyses of Breeding Bird Survey (BBS) data suggest 
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that some migratory species, those only present during 
the breeding season in temperate North America, may 
be in decline (e.g., Robbins et al. 1989, Peterjohn et al. 
1995). The lack of studies on wintering birds is rather 
alarming, especially in light of recent analyses by Hejl 
et al. (1995) that suggest permanent resident species in 
the northern Rocky Mountains are more adversely 
affected by silviculture than Neotropical migrants. The 
effects of forestry on migrating birds have received 
even less attention. To our knowledge, only one study 
examined relationships between silvicultural practices 
(hardwood removal and prescribed burning) and birds 
during spring and fall migration (Michael and Thorn-
burgh 1971). Additional research on effects of forestry 
on permanent resident species and the use of managed 
forests as stopover sites for migrating birds is clearly 
needed. 

Also of concern is that most (65 percent, n = 78) of our 
interpretations of forestry effects on bird populations 
are based upon measures of relative avian abundance, 
collected using point counts. Studies of species-habitat 
associations are known to be limited for numerous 
reasons (Wolff 1995), yet few researchers have criti-
cally questioned relationships between factors typically 
measured (i.e., relative abundance) and habitat quality 
(as might be better indicated by reproductive success, 
for example). Again, there are obvious reasons why 
abundance data are so commonly relied upon: point 
counts are simple and cost-efficient relative to alterna-
tive sampling methods. There are, however, some 
fundamental problems associated with use of abun-
dance data as the only method to measure avian 
populations. Numerous studies, mostly on birds, have 
noted that density is not necessarily an accurate indi-
cator of habitat quality (Krebs 1971, Van Horne 1983, 
Pulliam 1988, Robbins et al. 1989, Gibbs and Faaborg 
1990, Blake 1991, Martin 1992, Vickery et al. 1992, 
Hagan et al. 1996, R. Sallabanks, unpubl. data). Infer-
ences about actual quality of habitat can only be 
indirectly deduced from correlational and often poorly 
replicated bird surveys. Yet such studies are the norm. 

Research should be directed more toward measuring 
avian fitness components and identifying critical struc-
tural characteristics of forests that influence nesting 
success, depredation rates, survivorship, and dispersal. 
Of course, others have recognized similar needs (e.g., 
Martin 1992), and studies that investigate population 
parameters have become more common in recent years 
(King et al. 1996, Machtans et al. 1996, Annand and 
Thompson 1997). Machtans et al. (1996) is the only 
published study to conduct sampling protocols related 
to songbird demographics (in this case, mist-netting) 
pre- and post-timber harvest. To our knowledge, there 
is yet to be a single published study of passerines that 

tests for treatment effects experimentally and measures 
direct changes in nest success in relation to timber 
harvest (i.e., experimental manipulations of forest 
structure where treatments and reference stands are 
randomly assigned and data are collected pre- and post-
treatment).  

Conclusions 

One conclusion from our review is that forestry, in 
most cases, does not result in community-wide bird 
declines. On the contrary, we have found that managed 
forests support abundant, rich, diverse, and productive 
bird communities. There are obviously some species 
that favor old forest conditions and these conditions 
would clearly be altered by timber harvest. For exam-
ple, Townsend’s Warbler (Matsuoka et al. 1997, Salla-
banks et al. 2002), Pileated Woodpecker (Bull and 
Holthausen 1993), and Brown Creeper (Certhia amer-

icana; Mariani and Manuwal 1990, Adams and Mor-
rison 1993) are all species known to be associated with 
closed canopy forest and large-diameter trees, parti-
cularly snags. We do not dispute that such species are 
likely to be negatively impacted by certain forestry 
practices (e.g., clearcutting), at least at the stand level 
and over the short-term. On the other hand, there are 
just as many species that require forest habitat created 
by forestry, such as the Dark-eyed Junco, Dusky Fly-
catcher (Empidonax oberholseri), Orange-crowned 
Warbler (Vermivora celata), Chipping Sparrow, House 
Wren (Troglodytes aedon), and Mountain Bluebird 
(Sialia currucoides; Sallabanks et al. 2002). In order to 
maintain viable populations of all species on the land-
scape, a mix of all forest conditions, from clearcuts to 
old growth, is required. In reality, stand-level changes 
that cause species’ declines may actually be required to 
maintain those species at the landscape scale (e.g., in 
order to maintain stand structures that are resistant to 
catastrophic disturbance). Several studies in our review 
suggested varying the amount of timber removed from 
stands during logging operations (e.g., Chadwick et al. 
1986, Hagar et al. 1996). We agree, but also suggest 
applying this recommendation to broader spatial scales 
(e.g., Annand and Thompson 1997). If forest stands 
exist as a patchwork mosaic of different structural 
stages across broad landscapes, all but the most wide-
ranging bird species should have adequate foraging and 
nesting sites. Perhaps one of the biggest questions left 
unanswered is “How much of each structural stage is 
required (and in what arrangement) on the landscape to 
successfully blend avian conservation with timber 
production?” This question is not easy to answer, but 
advanced modeling efforts combined with field tests of 
model predictions might be one approach for the future 
(e.g., Hansen et al. 1993, 1995a; Brooks 1997).  
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We also feel strongly that while having the landscape 
be comprised of a range of seral stages is important, 
maintaining and creating essential structural attributes 
is more critical. By leaving down logs, snags, patches 
or trees, old residual trees, and adequate shrub cover, 
managers can maintain species that may be dependent 
on structure rather than stand age or seral stage. In 
short, results from our review suggest that managing 
for structural features may be more important than 
managing for seral stage per se.

If management is to occur, our results indicate that 
uneven-aged methods will lead to fewer species’ de-
creases compared with even-aged methods. Of course, 
this conclusion is largely driven by our unavoidable 
focus on short-term, stand-level results. At the stand 
level, uneven-aged management alters forest structure 
less dramatically than even-aged prescriptions. Thus, it 
is not surprising that uneven-aged management would 
have a less dramatic short-term, stand-level effect on 
bird communities. As we have documented here, re-
sponse of bird communities differs little between the 
two harvesting systems when considered at larger spa-
tial and temporal scales. Again, we see the need for 
variation on the landscape, both within and among 
forest stands. Following our review, there were no 
clear trends as to which specific forestry technique 
(e.g., single-tree selection or group selection) might be 
more conducive to maintaining high quality habitat for 
birds.  

Avian research always will face trade-offs and com-
promises, often driven by logistical and financial con-
straints that prevent us from collecting the full 
complement of demographic data in an experimental, 
long-term framework. Such “Utopian” research will be 
challenging to develop and implement (Marzluff and 
Sallabanks 1998). Individual studies must have their 
own strengths that, when combined with those of 
others, will begin to complete the puzzle and fill in-
formation gaps. The past 40 years have produced some 
quality work that has greatly improved our under-
standing of effects of timber harvest on bird popula-
tions. To improve effectiveness, however, we urge that 
future research take some new directions. We encour-
age researchers to design and implement manipulative 
field studies wherever possible. To minimize con-
founding factors inherent to observational studies, we 
suggest increasing experimental rigor through: (1) in-
clusion of references (controls); (2) better replication in 
both space and time; (3) randomized selection of ex-
perimental units (replicates); (4) interspersion of ex-
perimental units across the study area (Hurlbert 1984); 
(5) gathering pre- and post-treatment data; and (6) 
lengthening study duration. With these recommenda-
tions in mind, and as long as the needs of forest 

managers are kept clearly in view, we believe that 
future research on the relationships between timber 
harvest and bird populations will continue to make 
both novel and significant contributions to this critical 
area of study. To achieve such studies, careful, insight-
ful planning and involvement of forest managers from 
a project’s inception will be required (Arnett and 
Sallabanks 1998). To increase power and experimental 
rigor of such studies, we also encourage researchers to 
coordinate and implement large-scale cooperative re-
search programs involving multiple organizations and 
resources.  

In conclusion, we echo our earlier comments that op-
portunities to enhance habitat for birds through forestry 
will vary from species to species. Management ob-
jectives must be prioritized based upon those bird 
species that are sensitive to forestry and showing sharp 
declines, as well as being compatible with ownership 
objectives. Continued research, especially that which 
incorporates information needs identified in this re-
view, will help tell us which species these are and why 
they might be at risk. Attempts to improve habitat for 
all species by managing for maximum avian biodiver-
sity have limited utility. What is needed are resourceful 
ways to integrate stand- and landscape-level features 
created by forestry with those required by birds for 
sustained avian population health and viability. 

Acknowledgments 

We thank the following for sending reprints, govern-
ment publications, unpublished annual reports, and 
study proposals: J. D. Brawn, M. Darveau, R. M. 
DeGraaf, B. Fledderman, M. R. Houser, R. A. Lancia, 
W. C. McComb, M. A. Melchoirs, P. A. Tappe, F. R. 
Thompson, III, D. E. Varland, and W. L. Webb. 
Funding for this project was provided by the National 
Council for Air and Stream Improvement and Weyer-
haeuser Company. This review would not have been 
possible without the efforts of Weyerhaeuser librarian 
D. Louchs and her staff, J. Scott and L. Keeley. L. 
Knelly assisted with screening publications and enter-
ing data. For constructive comments on a previous ver-
sion of this paper, we thank T. B. Wigley, L. L. Irwin, 
and C. J. Ralph. 

Literature Cited 
Adams, E. M. and M. L. Morrison. 1993. Effects of forest stand 

structure and composition on red-breasted nuthatches 
and brown creepers. Journal of Wildlife Management 57: 
616–629. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

357



Bird-Forestry Relationships – Sallabanks and Arnett 

Anderson, D. R., K. P. Burnham, W. R. Gould, and S. Cherry. 
2001. Concerns about finding effects that are actually 
spurious. Wildlife Society Bulletin 29: 311–316. 

Annand, E. M. and F. R. Thompson, III. 1997. Forest bird 
response to regeneration practices in central hardwood 
forests. Journal of Wildlife Management 61: 159–171. 

Arnett, E. B. 1998. An evaluation of snag dynamics and cavity 
nesting bird use of trees topped with mechanical 
harvesters–a study plan. Unpublished study plan. 
Springfield, OR: Weyerhaeuser Company. 

Arnett, E. B., B. Altman, W. P. Erickson, and K. A. Bettinger. 
2001. Relationships between salvage logging and forest 
avifauna in lodgepole pine forests of the central Oregon 
pumice zone–Final report. Unpublished report. Spring-
field, OR: Weyerhaeuser Company; 126 p. 

Arnett, E.B., and R. Sallabanks. 1998. Land manager 
perceptions of avian research and information needs: A 
case study. In: J. M. Marzluff and R. Sallabanks, editors. 
Avian conservation: research and management. Covelo, 
CA: Island Press; 399–413. 

Austin, D. D. and M. L. Perry. 1979. Birds in six communities 
within a lodgepole pine forest. Journal of Forestry 77: 
584–589. 

Baker, M. D., and M. J. Lacki. 1997. Short-term changes in 
bird communities in response to silvicultural pre-
scriptions. Forest Ecology and Management 96: 27–36. 

Barber, D. R., T. E. Martin, A. M. Melchiors, R. E. Thill, and T. 
B. Wigley. 2001. Nest success of birds in different sil-
vicultural treatments in southeastern U.S. pine forests. 
Conservation Biology 15: 196–207. 

Beck, D. E. 1985. Thinning increases forage production in 
southern Appalachian Cove hardwoods. Southern Jour-
nal of Applied Forestry 9: 40–43. 

Blake, J. G. 1982. Influence of fire and logging on non-
breeding bird communities of ponderosa pine forests.
Journal of Wildlife Management 46: 404–415. 

Blake, J. G. 1991. Nested subsets and the distribution of birds 
on isolated woodlots. Conservation Biology 5: 58–66. 

Bosakowski, T. 1997. Breeding bird abundance and habitat 
relationships on a private industrial forest in the 
western Washington Cascades. Northwest Science 71: 
244–253. 

Brawn, J. D. and R. P. Balda. 1988. The influence of silvic-
ultural activity on ponderosa pine forest bird commun-
ities in the southwestern United States. Bird Conservation 
3: 3–21. 

Briggs, J. I., Jr., H. E. Garrett, and K. E. Evans. 1982. Oak-pine 
conversion and bird populations in the Missouri Ozarks. 
Journal of Forestry 80: 651–659. 

Brooks, J. P. 1997. Bird-habitat relationships at multiple 
spatial resolutions in the Oregon Coast Range. Corvallis, 
OR: Oregon State University; 46 p. M.S. thesis. 

Bull, E. L. and R. S. Holthausen. 1993. Habitat use and man-
agement of Pileated Woodpeckers in northeastern 
Oregon. Journal of Wildlife Management 57: 335–345. 

Bull, E. L., C. G. Parks, and T. R. Torgersen. 1997. Trees and 
logs important to wildlife in the interior Columbia River 
basin. Gen. Tech. Rep. PNW-GTR-391. Portland, OR: 
Pacific Northwest Research Station, Forest Service, U.S. 
Department of Agriculture; 55 p. 

Bull, E. L., T. R. Torgersen, A. K. Blumton, C. M. McKenzie, 
and D. S. Wyland. 1995. Treatment of an old-growth 
stand and its effects on birds, ants, and large woody 
debris: A case study. Gen. Tech. Rep. PNW-GTR-353. 
Portland, OR: Pacific Northwest Research Station, Forest 
Service, U.S. Department of Agriculture; 12 p. 

Bunnell, F. L., L. L. Kremsater, and R. W. Wells. 1997. Likely 
consequences of forest management on terrestrial, 
forest-dwelling vertebrates in Oregon. Report M-7 of the 
Centre for Applied Conservation Biology. Vancouver, BC: 
University of British Columbia; 130 p. 

Burke, D. M. and E. Nol. 1998. Influence of food abundance, 
nest-site habitat, and forest fragmentation on breeding 
Ovenbirds. The Auk 115: 96–104. 

Burnham, K. P. and D. R. Anderson. 1998. Model selection and 
inference: a practical information-theoretic approach. 
New York, NY: Springer-Verlag; 353 p. 

Carter, M. F., W. C. Hunter, D. N. Pashley, and K. V. 
Rosenberg. 2000. Setting conservation priorities in the 
United States: The Partners in Flight approach. Auk 
117: 541–548. 

Chambers, C. L., T. Carrigan, T. Sabin, J. Tappeiner, and W. C. 
McComb. 1997. Use of artificially created Douglas-fir 
snags by cavity-nesting birds. Western Journal of Applied 
Forestry 12: 93–97. 

Chadwick, N. L., D. R. Progulske, and J. T. Finn. 1986. Effects 
of fuelwood cutting on birds in southern New England. 
Journal of Wildlife Management 50: 398–405. 

Chambers, C. L. and W. C. McComb. 1997. Effects of silvi-
cultural treatments on wintering bird communities in 
the Oregon Coast Range. Northwest Science 71: 298–304. 

Cline, S. P., A. B. Berg, and H. M. Wright. 1980. Snag charac-
teristics and dynamics in Douglas-fir forests, western 
Oregon. Journal of Wildlife Management 44: 773–786. 

Cohen, J. 1988. Statistical power analysis for the behavioral 
sciences. Hillsdale, NJ: Lawrence Erlbaum Associates; 567 
p.

Conner, R. N. and C. S. Adkisson. 1975. Effects of clearcutting 
on the diversity of breeding birds. Journal of Forestry 73: 
781–785. 

Conner, R. N. and H. S. Crawford. 1974. Woodpecker foraging 
in Appalachian clearcuts. Journal of Forestry 72: 564–66. 

Conner, R. N., R. G. Hooper, H. S. Crawford, and H. S. Mosby. 
1975. Woodpecker nesting habitat in cut and uncut 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

358



Bird-Forestry Relationships – Sallabanks and Arnett 

woodlands in Virginia. Journal of Wildlife Management 
39: 144–50. 

Conner, R. N. and D. C. Rudolph. 1991. Forest habitat loss, 
fragmentation, and red-cockaded woodpecker popu-
lations. Wilson Bulletin 103: 446–57. 

Conner, R. N., D. C. Rudolph, and L. H. Bonner. 1995. Red-
cockaded woodpecker population trends and manage-
ment on Texas National Forests. Journal of Field 
Ornithology 66: 140–51. 

Conner, R. N., A. E. Snow, and K. A. O'Halloran. 1991. Red-
cockaded woodpecker use of seed-tree/shelterwood cuts 
in eastern Texas. Wildlife Society Bulletin 19: 67–73. 

Conner, R. N., J. W. Via, and I. D. Prather. 1979. Effects of 
pine-oak clearcutting on winter and breeding birds in 
southwestern Virginia. Wilson Bulletin 91: 301–316. 

Courtney, S. P. 1995. Overview and initial results of the 
NCASI Marbled Murrelet program. Technical Bulletin 
No. 698. Research Triangle Park, NC: National Council for 
Air and Stream Improvement, Inc. 

Crawford, H. S., R. G. Hooper, and R. W. Titterington. 1981. 
Songbird population response to silvicultural practices 
in central Appalachian hardwoods. Journal of Wildlife 
Management 45: 680–692. 

Crocker-Bedford, D. C. 1990. Goshawk reproduction and 
forest management. Wildlife Society Bulletin 18: 262–
269.

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.

Darveau, M., L. Bélanger, 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. 

Davis, J. W., G. A. Goodwin, and R. A. Ockenfels, technical 
coordinators. 1983. Snag habitat management: Proceed-
ings of the symposium. Gen. Tech. Rep. RM-GTR-99. Fort 
Collins, CO: Rocky Mountain Research Station, Forest 
Service, U.S. Department of Agriculture; 226 p. 

Debyle, N. V. 1981. Songbird populations and clearcut 
harvesting of aspen in northern Utah. Res. Note INT-
RN-302. Ogden, UT: Intermountain Research Station, 
Forest Service, U.S. Department of Agriculture; 6 p. 

DeGraaf, R. M. 1992. Effects of even-aged management on 
forest birds at northern hardwood stand interfaces.
Forest Ecology and Management 46: 95–110. 

DeGraaf, R. M. 1995. Nest predation rates in managed and 
reserved extensive northern hardwood forests. Forest 
Ecology and Management 79: 227–234. 

DeGraaf, R. M. and P. Angelstam. 1993. Effects of timber size-
class on predation of artificial nests in extensive forest.
Forest Ecology and Management 61: 127–136. 

DeGraaf, R. M. and N. L. Chadwick. 1987. Forest type, timber 
size class, and New England breeding birds. Journal of 
Wildlife Management 51: 212–17. 

DeGraaf, R. M., W. M. Healy, and R. T. Brooks. 1991b. Effects 
of thinning and deer browsing on breeding birds in New 
England oak woodlands. Forest Ecology and Management 
41: 179–191. 

DeGraaf, R. M. and T. J. Maier. 1996. Effect of egg size on 
predation by White-footed Mice. Wilson Bulletin 108: 
535–539.

DeGraaf, R. M., V. E. Scott, R. H. Hamre, L. Earnst, and S. H. 
Anderson. 1991a. Forest and rangeland birds of the 
United States: Natural history and habitat use.
Agriculture Handbook 688, Washington, DC: U.S. 
Department of Agriculture.  

Dellasala, D. A., J. C. Hagar, K. A. Engel, W. C. McComb, R. L. 
Fairbanks, and E. G. Campbell. 1996. Effects of silvi-
cultural modifications of temperate rainforest on breed-
ing and wintering bird communities, Prince of Wales 
Island, southeast Alaska. Condor 98: 706–721. 

Dellasala, D. A. and D. L. Rabe. 1987. Response of Least 
Flycatchers Empidonax minimus to forest disturbances. 
Biological Conservation 41: 291–299. 

Dessecker, D. R. and R. H. Yahner. 1987. Breeding-bird com-
munities associated with Pennsylvania northern hard-
wood clearcut stands. Proceedings of the Pennsylvania 
Academy of Science 61: 170–173. 

Derleth, E. L., D. G. McAuley, and T. J. Dwyer. 1989. Avian 
community response to small scale habitat disturbance 
in Maine. Canadian Journal of Zoology 67: 385–390. 

Dickson, J. G., R. N. Conner, and J. H. Williams. 1983. Snag 
retention increases bird use of a clear-cut. Journal of 
Wildlife Management 47: 799–804. 

Dingledine, J. V. and J. B. Haufler. 1983. The effect of firewood 
removal on breeding bird populations in a northern oak 
forest. In: J. W. Davis, G. A Goodwin, and R. A.Ockenfels, 
tech. coords. Snag habitat management: proceedings of the 
symposium. Gen. Tech. Rep. RM-GTR-99. Fort Collins, 
CO: Rocky Mountain Research Station, Forest Service, 
U.S. Department of Agriculture; 45–50. 

Duguay, J. P., P. Bohall Wood, and G. W. Miller. 2000. Effects 
of timber harvests on invertebrate biomass and avian 
nest success. Wildlife Society Bulletin 28: 1123–1131. 

Eckert, C. D., J-P. L. Savard, and R. T. McLaughlin. 1992. 
Breeding bird communities in managed second-growth 
stands, riparian areas, and old-growth forests on 
northeastern Vancouver Island, British Columbia. 
Northwest Environmental Journal 8: 228–229. 

Faaborg, J., F. R. Thompson III, S. K. Robinson, T. M. Donovan, 
D. R. Whitehead, and J. Brawn. 1998. Understanding 
fragmented Midwestern landscapes: The future. In: J. 
M. Marzluff, and R. Sallabanks, editors. Avian 
conservation: Research and management. Covelo, CA: 
Island Press; 193–207. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

359



Bird-Forestry Relationships – Sallabanks and Arnett 

Farr, D. 1992. Forest age and the abundance of songbirds. 
Alberta Naturalist 22: 13–16. 

Finch, D. M. and M. Patton-Mallory. 1993. Closing the gap 
between research and management. In: D. M. Finch and 
P. W. Stangel, editors. Status and management of 
neotropical migratory birds. Gen. Tech. Rep. RM-GTR-
229. Fort Collins, CO: Rocky Mountain Research Station, 
Forest Service, U.S. Department of Agriculture; 12–16. 

Finn, S. P., J. M. Marzluff, and D. E. Varland. 1997. Northern 
Goshawks in managed forests on the Olympic Penin-
sula. Unpublished annual report. Boise, ID: Boise State 
University; 40 p. 

Franzreb, K. E. 1977. Bird population changes after timber 
harvesting of a mixed conifer forest in Arizona. Research 
Paper RM-RP-184. Fort Collins, CO: Rocky Mountain 
Research Station, Forest Service, U.S. Department of 
Agriculture; 26 p. 

Franzreb, K. E. 1978. Tree species used by birds in logged and 
unlogged mixed-coniferous forests. Wilson Bulletin 90: 
221–238. 

Franzreb, K. E. 1983. A comparison of avian foraging behav-
ior in unlogged and logged mixed-coniferous forest.
Wilson Bulletin 95: 60–76. 

Franzreb, K. E. and R. D. Ohmart. 1978. The effects of timber 
harvesting on breeding birds in a mixed-coniferous 
forest. Condor 80: 431–441. 

Freedman, B., C. Beauchamp, I. A. McClaren, and S. I. Tingley. 
1981. Forest management practices and populations of 
breeding birds in a hardwood forest in Nova Scotia. 
Canadian Field Naturalist 95: 307–311. 

Gerard, P. D., D. R. Smith, and G. Weerakkody. 1998. Limits of 
retrospective power analysis. Journal of Wildlife Manage-
ment 62: 801–807. 

Germaine, S. S., S. H. Vessey, and D. E. Capen. 1997. Effects of 
small forest openings on the breeding bird community 
in a Vermont hardwood forest. Condor 99: 708–718. 

Gibbs, J. P. and J. Faaborg. 1990. Estimating the viability of 
Ovenbird and Kentucky Warbler populations in forest 
fragments. Conservation Biology 4: 193–196.

Greenberg, C. H., L. D. Harris, and D. G. Neary. 1995. A com-
parison of bird communities in burned and salvage-
logged, clearcut, and forested Florida sand pine scrub. 
Wilson Bulletin 107: 40–54. 

Hagan, J. M., P. S. McKinley, A. L. Meehan, and S. L. Grove. 
1995. Diversity and abundance of landbirds in a north-
eastern industrial forest landscape. Technical Bulletin 
No. 705. Research Triangle Park, NC: National Council for 
Air and Stream Improvement, Inc. 

Hagan, J. M., P. S. McKinley, A. L. Meehan, and S. L. Grove. 
1997. Diversity and abundance of landbirds in a north-
eastern industrial forest. Journal of Wildlife Management 
61: 718–735. 

Hagan, J. M., W. M. Vander Haegen, and P. S. McKinley. 1996. 
The early development of forest fragmentation effects 
on birds. Conservation Biology 10: 188–202. 

Hagar, D. C. 1960. Interactions of logging, birds, and timber 
regeneration in the Douglas-fir region of northwestern 
California. Ecology 41: 116–125. 

Hagar, J. C., W. C. McComb, and W. H. Emmingham. 1996. 
Bird communities in commercially thinned and unthin-
ned Douglas-fir stands of western Oregon. Wildlife Soci-
ety Bulletin 24: 353–366. 

Hallock, D. 1989–90. Breeding and wintering birds in 
different age classes of pine. Colorado Field Ornitholo-
gists’ Journal 24: 2–16. 

Hansen, A. J., S. L. Garman, B. Marks, and D. L. Urban. 1993. 
An approach for managing vertebrate diversity across 
multiple-use landscapes. Ecological Applications 3: 481–
496.

Hansen, A. J., S. L. Garman, J. F. Weigand, D. L. Urban, W. C. 
McComb, and M. G. Raphael. 1995a. Alternative silvic-
ultural 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: 555–569. 

Haskell, D. G. 1995a. Forest fragmentation and nest preda-
tion: are experiments with Japanese Quail eggs mislead-
ing? The Auk 112: 767–770. 

Haskell, D. G. 1995b. A reevaluation of the effects of forest 
fragmentation on rates of bird-nest predation. Conser-
vation Biology 9: 1316–1318. 

Hayes, J. P., J. M. Weikel, and M. M. P. Huso. 2003. Response 
of birds to thinning young Douglas-fir forests. Ecological 
Applications 13:1222-1232.

Heffner, R. A., M. J. Butler, I. V, and C. K. Reilly. 1996. 
Pseudoreplication revisited. Ecology 77: 2558–2562. 

Hejl, S. J., R. L. Hutto, C. R. Preston, and D. M. Finch. 1995. 
Effects of silvicultural treatments in the Rocky 
Mountains. In: T.E. Martin and D. M. Finch, editors. 
Ecology and management of neotropical migratory birds: a 
synthesis and review of critical issues. New York: Oxford 
University Press; 220–244. 

Horn, J. C. 1984. Short-term changes in bird communities 
after clearcutting in western North Carolina. Wilson 
Bulletin 96: 684–689. 

Hurlbert, S. H. 1984. Pseudoreplication and the design of 
ecological field experiments. Ecological Monographs 54: 
187–211. 

Irwin, L. L. 1998. Abiotic influences on bird-habitat relation-
ships. In: J. M. Marzluff, and R. Sallabanks, editors. Avian 
conservation: Research and management. Covelo, CA: 
Island Press; 209–217. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

360



Bird-Forestry Relationships – Sallabanks and Arnett 

Irwin, L. L., T. L. Fleming, S. M. Speich, and J. B. Buchanan. 
1991. Spotted Owl presence in managed forests of 
southwestern Washington. Technical Bulletin No. 601. 
Research Triangle Park, NC: National Council for Air and 
Stream Improvement, Inc. 

Johnson, A. S., W. M. Ford, and P. E. Hale. 1993. The effects of 
clearcutting on herbaceous understories are still not 
fully known. Conservation Biology 7: 433–435. 

Johnson, W. N., Jr. and P. W. Brown. 1990. Avian use of a 
lakeshore buffer strip and an undisturbed lakeshore in 
Maine. Northern Journal of Applied Forestry 7: 114–117. 

Karriker, K. S. 1996. Effects of intensive silviculture on 
breeding and wintering birds in North Carolina 
pocosins. Technical Bulletin No. 730. Research Triangle 
Park, NC: National Council for Air and Stream 
Improvement, Inc. 

Keller, M. E. and S. H. Anderson. 1992. Avian use of habitat 
configurations created by forest cutting in southeastern 
Wyoming. Condor 94: 55–65. 

Kerlinger, P. and C. Doremus. 1981. Habitat disturbance and 
the decline of dominant avian species in pine barrens of 
the northeastern United States. American Birds 35: 16–
20.

Kessler, W. B. 1979. Bird population responses to clearcutting 
in the Tongass National Forest of southeast Alaska.
Report No. 71. Juneau, AK: Alaska Region, Forest Service, 
U.S. Department of Agriculture; 22 p. 

Kilgore, B. M. 1971. Response of breeding bird populations to 
habitat changes in a giant sequoia forest. American 
Midland Naturalist 85: 135–152. 

King, D. I., R. M. DeGraaf, and C. R. Griffin. 2001. Product-
ivity of early successional shrubland birds in clearcuts 
and groupcuts in an eastern deciduous forest. Journal of 
Wildlife Management 65: 345–350. 

King, D. I., C. R. Griffin, and R. M. DeGraaf. 1996. Effects of 
clearcutting on habitat use and reproductive success of 
the Ovenbird in forested landscapes. Conservation 
Biology 10: 1380–1386. 

King, D. I., C. R. Griffin, and R. M. DeGraaf. 1997. Effect of 
clearcut borders on distribution and abundance of 
forest birds in northern New Hampshire. Wilson Bulletin 
109: 239–245. 

Krebs, J. R. 1971. Territory and breeding density in the Great 
Tit, Parus major L. Ecology 52: 2–22. 

Lancia, R. A., E. J. Jones, J. C. Turner, and J. A. Gerwin. 1996a. 
The first field season of the NCASI-Westvaco avifauna 
corridor study. Unpublished annual report. Raleigh, NC: 
North Carolina State University. 

Lancia, R. A., E. J. Jones, J. A. Gerwin, J. C. Turner, and K. R. 
Hazler. 1997. NCASI-Westvaco avifauna corridor study: 
Summary of the 1996 field season (preliminary results).
Unpublished annual report. Raleigh, NC: North Carolina 
State University. 

Lancia, R. A., K. A. Peters, J. C. Turner, and J. A. Gerwin. 
1996b. Breeding avifauna on Woodbury and Giles Bay 
holdings: Summary of preliminary findings, May–July 
1996. Unpublished annual report. Raleigh, NC: North 
Carolina State University. 

Land, D., W. R. Marion, and T. E. O’Meara. 1989. Snag avail-
ability and cavity nesting birds in slash pine plantations.
Journal of Wildlife Management 53: 165–171. 

Lehmkuhl, J. F., S. D. West, C. L. Chambers, W. C. McComb, 
D. A. Manuwal, K. B. Aubry, J. L. Erickson, R. A. Gitzen, 
and M. Leu. 1999. An experiment for assessing verte-
brate response to varying levels and patterns of green-
tree retention. Northwest Science 73: 45–63. 

Lent, R. A. and D. E. Capen. 1995. Effects of small-scale habi-
tat disturbance on the ecology of breeding birds in a 
Vermont (USA) hardwood forest. Ecography 18: 97–108. 

Lewis, J. C. 1998. Creating snags and wildlife trees in 
commercial forest landscapes. Western Journal of Applied 
Forestry 13: 97–101. 

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: 1366–1379. 

Mannan, R. W. and E. C. Meslow. 1984. Bird populations and 
vegetation characteristics in managed and old-growth 
forests, northeastern Oregon. Journal of Wildlife Man-
agement 48: 1219–1238. 

Manolis, J. C., D. E. Andersen, and F. C. Cuthbert. 2000. Pat-
terns in clearcut edge and fragmentation effect studies 
in northern hardwood-conifer landscapes: retrospective 
power analysis and Minnesota results. Wildlife Society 
Bulletin 28: 1088–1101. 

Mariani, J. M. and D. A. Manuwal. 1990. Factors influencing 
brown creeper (Certhia americana) abundance patterns 
in the southern Washington Cascade Range. Studies in 
Avian Biology 13: 53–57. 

Martin, T. E. 1987. Food as a limit on breeding birds: a life-
history perspective. Annual Review of Ecology and Sys-
tematics 18: 453–487. 

Martin, T. E. 1992. Breeding productivity considerations: 
what are the appropriate habitat features for man-
agement? In: J. M. Hagan, III and D. W. Johnston, editors. 
Ecology and conservation of neotropical migratory land-
birds. Washington, D.C.: Smithsonian Institution Press; 
455–473. 

Martin, T. E. 1993a. Nest predation among vegetation layers 
and habitat types: revising the dogmas. American Natu-
ralist 141: 897–913. 

Martin, T. E. 1993b. Nest predation and nest sites: New 
perspectives on old patterns. BioScience 43: 523–532. 

Martin, T. E. 1995. Avian life history evolution in relation to 
nest sites, nest predators, and food. Ecological Mono-
graphs 65: 101–127. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

361



Bird-Forestry Relationships – Sallabanks and Arnett 

Marzluff, J. M., M. G. Raphael, and R. Sallabanks. 2000. Under-
standing the effects of forest management on avian 
species. Wildlife Society Bulletin 28: 1132–1143. 

Marzluff, J. M. and R. Sallabanks. 1998. Recent approaches 
and future directions for avian conservation research.
In: J. M. Marzluff and R. Sallabanks, editors. Avian conser-
vation: research and management. Covelo, CA: Island 
Press; 5–14. 

Matsuoka, S. M., C. M. Handel, and D. D. Roby. 1997. Nesting 
ecology of Townsend’s Warblers in relation to habitat 
characteristics in a mature boreal forest. Condor 99: 
271–281. 

Maurer, B. A., L. B. McArthur, and R. C. Whitmore. 1981. 
Effects of logging on guild structure of a forest bird 
community in West Virginia. American Birds 35: 11–13. 

McClelland, B. R. 1980. Influences of harvesting and residue 
management on cavity-nesting birds. In: Environmental 
consequences of timber harvesting in Rocky Mountain 
coniferous forests: symposium proceedings, Sept. 11–13, 
1979, Missoula, MT. Gen. Tech. Rep. INT-GTR-90. 
Ogden, UT: Intermountain Research Station, Forest 
Service, U.S. Department of Agriculture; 469–496. 

McComb, W. C., S. A. Bonney, R. M. Sheffield, and N. D. Cost. 
1986. Snag resources in Florida – are they sufficient for 
average populations of primary cavity-nesters? Wildlife 
Society Bulletin 14: 40–48. 

McComb, W. C., P. L. Groetsch, G. E. Jacoby, and G. A. 
McPeek. 1989. Response of forest birds to an improve-
ment cut in Kentucky. Proceedings of the Annual Con-
ference of Southeastern Association of Fish and Wildlife 
Agencies 43: 313–25. 

McComb, W. C. and R. L. Rumsey. 1983. Bird density and 
habitat use in forest openings created by herbicides and 
clearcutting in the central Appalachians. Brimleyana 9: 
83–95.

McPeek, G. A., W. C. McComb, J. J. Moriarty, and G. E. Jacoby. 
1987. Bark-foraging bird abundance unaffected by inc-
reased snag availability in a mixed mesophytic forest. 
Wilson Bulletin 99: 253–257. 

Medin, D. E. 1985. Breeding bird responses to diameter-cut 
logging in west-central Idaho. Gen. Tech. Rep. INT-GTR-
355. Ogden, UT: Intermountain Research Station, Forest 
Service, U.S. Department of Agriculture; 12 p. 

Medin, D. E. and G. D. Booth. 1989. Responses of birds and 
small mammals to single-tree selection logging in Idaho. 
Gen. Tech. Rep. INT-GTR-408. Ogden, UT: Intermountain 
Research Station, Forest Service, U.S. Department of 
Agriculture; 11 p. 

Meyer, J. S., L. L. Irwin, and M. S. Boyce. 1998. Influence of 
habitat abundance and fragmentation on northern spot-
ted owls in western Oregon. Wildlife Monographs No. 
139; 51 p. 

Michael, E. D. and P. I. Thornburgh. 1971. Immediate effects of 
hardwood removal and prescribed burning on bird 
populations. Southwestern Naturalist 15: 359–370. 

Mitchell, L. J. and R. A. Lancia. 1990. Breeding bird commu-
nity changes in bald cypress-tupelo wetland following 
timber harvesting. Proceedings of the Annual Conference 
of Southeastern Association of Fish and Wildlife Agencies 
44: 189–201. 

Mitchell, L. J., R. A. Lancia, R. Lea, and S. A. Gauthreaux, Jr. 
1991. Effects of clearcutting and natural regeneration 
on breeding bird communities of a bald cypress-tupelo 
wetland in South Carolina. In: J. Kusler, and S. Daly, 
editors. Wetlands and river corridor management: sympos-
ium proceedings. Berne, NY; 155–161. 

Moeur, S. and D. Guthrie. 1984. The effects of clearing fire-
killed trees on wildlife. In: T. S. Fox, compiler. La Mesa 
Fire Symposium LA-9236-NERP. Los Alamos, NM: Los 
Alamos National Laboratory; 135–144. 

Monthey, R. W. 1983. Responses of birds to timber harvesting 
along meadow edges in northwest Oregon. Northwest 
Science 57: 283–290. 

Morrison, M. L. 1992. Bird abundance in forests managed for 
timber and wildlife resources. Biological Conservation 
60: 127–134. 

Nelson, S. K. and S. G. Sealy, editors. 1995. Biology of the 
marbled murrelet: Inland and at sea. Northwest Natur-
alist 76: 1–119. 

Niemi, G. J. and J. M. Hanowski. 1984. Relationships of breed-
ing birds to habitat characteristics in logged areas. 
Journal of Wildlife Management 48: 438–443. 

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. 

Ohmann, J. L., W. C. McComb, and A. A. Zumrawi. 1994. Snag 
abundance for primary cavity-nesting birds on nonfed-
eral forest lands in Oregon and Washington. Wildlife 
Society Bulletin 22: 607–620. 

O’Meara, T. E., L. A. Rowse, W. R. Marion, and L. D. Harris. 
1985. Numerical responses of flatwoods avifauna to 
clearcutting. Florida Scientist 48: 208–219. 

Overturf, J. H. 1979. The effects of forest fire on breeding bird 
populations of ponderosa pine forests of northern 
Arizona. Flagstaff, AZ: Northern Arizona University; 108 
p. M.S. thesis. 

Paton, W. C. 1994. The effect of edge on avian nesting success: 
how strong is the evidence? Conservation Biology 8: 17–
26.

Peterjohn, B. G., J. R. Sauer, and C. S. Robbins. 1995. Popula-
tion trends from the North American Breeding Bird 
Survey. In: T. E. Martin and D. M. Finch, editors. Ecology 
and management of neotropical migratory birds: a synthesis 
and review of critical issues. New York: Oxford University 
Press; 3–39. 

Powell, D. S., J. L. Faulkner, D. R. Darr, Z. Zhu, and D. W. 
MacCleery. 1993. Forest resources of the United States, 
1992. Gen. Tech. Rep. RM-GTR-234. Fort Collins, CO: 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

362



Bird-Forestry Relationships – Sallabanks and Arnett 

Rocky Mountain Research Station, Forest Service, U.S. 
Department of Agriculture. 

Probst, J. R., D. S. Rakstad, and D. J. Rugg. 1992. Breeding 
bird communities in regenerating and mature broadleaf 
forests in the USA Lake States. Forest Ecology and 
Management 49: 43–60. 

Pulliam, H. R. 1988. Sources, sinks, and population regula-
tion. American Naturalist 132: 652–661. 

Ralph, C. J., G. R. Geupel, P. Pyle, T. E. Martin, and D. F. 
DeSante. 1993. Handbook of field methods for monitor-
ing landbirds. Gen. Tech. Rep. PSW-GTR-144. Albany, 
CA: Pacific Southwest Research Station, Forest Service, 
U.S. Department of Agriculture; 41 p. 

Ralph, C. J., G. L. Hunt, M. G. Raphael, and J. F. Piatt, technical 
editors. 1995. Ecology and conservation of the Marbled 
Murrelet. Gen. Tech. Rep. PSW-GTR-152. Albany, CA: 
Pacific Southwest Research Station, Forest Service, U.S. 
Department of Agriculture; 420 p. 

Raphael, M. G. 1991. Vertebrate species richness within and 
among seral stages of Douglas-fir/hardwood forest in 
northwestern California. In: L. F. Ruggiero, K. B. Aubry, 
A. B. Carey, and M. H. Huff, technical coordinators. 
Wildlife and vegetation of unmanaged Douglas-fir forests. 
Gen. Tech. Rep. PNW-GTR-285. Portland, OR: Pacific 
Northwest Research Station, Forest Service, U.S. 
Department of Agriculture; 415–423. 

Rappole, J. H. 1996. The importance of forest for the world’s 
migratory bird species. In: R. M. DeGraaf, and R. I. 
Miller, editors. Conservation of faunal diversity in forested 
landscapes. New York: Chapman and Hall; 389–406. 

Reitsma, L. R., R. T. Holmes, and T. W. Sherry. 1990. Effects of 
red squirrels, Tamiasciurus hudsonicus, and eastern 
chipmunks, Tamias striatus, on nest predation in a 
northern hardwood forest: an artificial nest experiment. 
Oikos 57: 375–380. 

Repenning, R. W. and R. F. Labisky. 1985. Effects of even-aged 
timber management on bird communities of the longleaf 
pine forest in northern Florida. Journal of Wildlife Man-
agement 49: 1088–1098. 

Robbins, C. S., J. R. Sauer, R. S. Greenberg, and S. Droege. 
1989. Population declines in North American birds that 
migrate to the Neotropics. Proceedings of the National 
Academy of Science 86: 7658–7662. 

Robinson, S. K. 1998. Another threat posed by forest frag-
mentation: Reduced food supply. Auk 115: 1–3. 

Rogers, E. I., D. J. Tiller, and D. B. Premo. 1996. Breeding bird 
communities and vegetative structure of red pine plant-
ations in the western upper peninsula of Michigan, 
1992–1993. Technical Bulletin No. 727. Research Triangle 
Park, NC: National Council for Air and Stream Improve-
ment, Inc. 

Romesburg, H. C. 1981. Wildlife science: Gaining reliable 
knowledge. Journal of Wildlife Management 45: 293–313. 

Roper, J. J. 1992. Nest predation experiments with quail eggs: 
Too much to swallow? Oikos 65: 528–530. 

Rowse, L. A. and W. R. Marion. 1981. Effects of silvicultural 
practices on birds in a north Florida flatwoods. In: J. P. 
Barnett, editor. Proceedings of the First Biennial Southern 
Silvicultural Research Conference. Gen. Tech. Rep. SO-
GTR-34. Asheville, NC: Southern Research Station, Forest 
Service, U.S. Department of Agriculture; 349–357. 

Rudnicky, T. C. and M. L. Hunter. 1993. Avian nest predation 
in clearcuts, forests, and edges in a forest-dominated 
landscape. Journal of Wildlife Management 57: 358–364. 

Saab, V. A. and J. G. Dudley. 1998. Responses of cavity-nest-
ing birds to stand-replacement fire and salvage logging 
in Ponderosa Pine/Douglas-fir forests of southwestern 
Idaho. Research Paper RMRS-RP-11. Ogden, UT: Rocky 
Mountain Research Station, Forest Service, U.S. Depart-
ment of Agriculture; 17 p.

Sallabanks, R. 1994. Bird-habitat relationships in industrial 
forested landscapes of the inland northwest: Pilot 
studies in Idaho and Oregon. Unpublished annual report. 
Boise, ID: Conservation Research Foundation; 74 p. 

Sallabanks, R. 1995. Avian biodiversity and bird-habitat 
relationships in conifer forests of the inland northwest: 
An ecosystem management approach. Unpublished an-
nual report. Meridian, ID: Sustainable Ecosystems Institute; 
150 p. 

Sallabanks, R. 1996. Bird-habitat relationships in forests of 
the Idaho southern batholith landscape. Unpublished 
annual report. Meridian, ID: Sustainable Ecosystems 
Institute; 72 p. 

Sallabanks, R. 1997. West-central Idaho Silvicultural Options 
Avian Research Project: 1997. Unpublished annual report. 
Meridian, ID: Sustainable Ecosystems Institute; 10 p. 

Sallabanks, R., E. B. Arnett, and J. M. Marzluff. 2000. An 
evaluation of research on the effects of timber harvest 
on bird populations. Wildlife Society Bulletin 28: 1144–
1155.

Sallabanks, R., J. B. Haufler, and C. A. Mehl. [Submitted manu-
script]. Influence of stand structure on avian community 
composition in mixed-conifer forests of west-central 
Idaho. Wildlife Society Bulletin. 

Sallabanks, R., R. A. Riggs, and L. E. Cobb. 2002. Bird use of 
forest structural classes in grand fir forests of the Blue 
Mountains, Oregon. Forest Science 48: 311–321. 

Sams, M. 1995. Bird habitat relationships under diverse 
forest management systems: A landscape-level modeling 
effort emphasizing Neotropical migratory birds of the 
interior highlands of Arkansas. Unpublished annual 
report. Monticello, AK: University of Arkansas. 

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: 1914–1932. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

363



Bird-Forestry Relationships – Sallabanks and Arnett 

Schreiber, B. and D. S. deCalesta. 1992. The relationship be-
tween cavity-nesting birds and snags on clearcuts in 
western Oregon. Forest Ecology and Management 50: 
299–316. 

Scott, V. E. 1979. Bird response to snag removal in ponderosa 
pine. Journal of Forestry 77: 26–28. 

Scott, V. E. and G. L. Crouch. 1987. Response of breeding 
birds to commercial clearcutting of aspen in south-
western Colorado. Research Note RM-RN-475. Fort 
Collins, CO: Rocky Mountain Research Station, Forest 
Service, U.S. Department of Agriculture; 5 p. 

Scott, V. E. and G. L. Crouch. 1988. Breeding birds in uncut 
aspen and 6- to 10-year-old clearcuts in southwestern 
Colorado. Research Note RM-RN-485. Fort Collins, CO: 
Rocky Mountain Research Station, Forest Service, U.S. 
Department of Agriculture; 5 p. 

Scott, V. E., G. L. Crouch, and J. A. Whelan. 1982. Responses 
of birds and small mammals to clearcutting in a 
subalpine forest in central Colorado. Research Note RM-
RN-422. Fort Collins, CO: Rocky Mountain Research Stat-
ion, Forest Service, U.S. Department of Agriculture; 6 p.

Scott, V. E. and G. J. Gottfried. 1983. Bird response to timber 
harvest in a mixed conifer forest in Arizona. Research 
Note RM-RN-245. Fort Collins, CO: Rocky Mountain 
Research Station, Forest Service, U.S. Department of 
Agriculture; 8 p. 

Scott, V. E. and J. L. Oldemeyer. 1983. Cavity-nesting bird 
requirements and response to snag cutting in ponderosa 
pine. In: J. W. Davis, G. A. Goodwin, and R. A. Ockenfels, 
technical coordinators. Snag habitat management: pro-
ceedings of the symposium. Gen. Tech. Rep. RM-GTR-99. 
Fort Collins, CO: Rocky Mountain Research Station, Forest 
Service, U.S. Department of Agriculture; 19–23. 

Steffen, J. F. 1985. Some effects of clearcutting on songbird 
populations in the northern hardwood forest. Pro-
ceedings of the Wisconsin Academy of Science 73: 123–32. 

Steidl, R. J., J. P. Hayes, and E. Schauber. 1997. Statistical pow-
er analysis in wildlife research. Journal of Wildlife Man-
agement 61: 270–279. 

Strelke, W. K. and J. G. Dickson. 1980. Effect of clear-cut edge 
on breeding birds in east Texas. Journal of Wildlife 
Management 44: 559–567. 

Stribling, H. L., H. R. Smith, and R. H. Yahner. 1990. Bird 
community response to timber stand improvement and 
snag retention. Northern Journal of Applied Forestry 7: 
35–38.

Szaro, R. C. and R. P. Balda. 1979. Effects of harvesting 
ponderosa pine on nongame bird populations. Research 
Paper RM-RP-212. Fort Collins, CO: Rocky Mountain Re-
search Station, Forest Service, U.S. Department of Agri-
culture; 8 p. 

Szaro, R. C. and R. P. Balda. 1986. Relationships among 
weather, habitat structure, and ponderosa pine forest 
birds. Journal of Wildlife Management 50: 253–260. 

Tappe, P. A. 1996. Bird habitat relationships under diverse 
forest management systems: a landscape-level modeling 
effort emphasizing neotropical migratory birds of the 
interior highlands of Arkansas. Unpublished annual 
report. Monticello, AR: University of Arkansas.  

Thiel, D. A. 1987. Land treatment effects on wildlife popul-
ations in red pine plantations. Technical Bulletin No. 526. 
Research Triangle Park, NC: National Council for Air and 
Stream Improvement, Inc. 

Thomas, J. W., R. G. Anderson, C. Maser, and E. L. Bull. 1979. 
Snags. In: J. W. Thomas, technical editor. Wildlife habitats 
in managed forests–the Blue Mountains of Oregon and 
Washington. Agriculture Handbook 553. Washington, DC: 
U.S. Department of Agriculture; 60–77. 

Thompson, F. R., III. 1993. Simulated responses of a forest-
interior bird population to forest management options 
in central hardwood forests of the United States. Con-
servation Biology 7: 325–333. 

Thompson, F. R., III and D. E. Capen. 1988. Avian assemblages 
in seral stages of a Vermont forest. Journal of Wildlife 
Management 52: 771–777. 

Thompson, F. R., III, W. D. Dijak, T. G. Kulowiec, and D. A. 
Hamilton. 1992. Breeding bird populations in Missouri 
Ozark forests with and without clearcutting. Journal of 
Wildlife Management 56: 23–30. 

Thompson, F. R., III and E. K. Fritzell. 1990. Bird densities and 
diversity in clearcut and mature oak-hickory forest.
Research Paper NC-RP-293. St. Paul, MN: North Central 
Research Station, Forest Service, U.S. Department of 
Agriculture; 7 p. 

Titterington, R. W., H. S. Crawford, and B. N. Burgason. 1979. 
Songbird responses to commercial clear-cutting in 
Maine spruce-fir forests. Journal of Wildlife Management 
43: 602–609. 

Tobalske, B. W., R. C. Shearer, and R. L. Hutto. 1991. Bird 
populations in logged and unlogged western larch/ 
Douglas-fir forest in northwestern Montana. Gen. Tech. 
Rep. INT-GTR-442; Ogden, UT: Intermountain Research 
Station, Forest Service, U.S. Department of Agriculture; 12 
p.

Triquet, A. M., G. A. McPeek, and W. C. McComb. 1990. Song-
bird diversity in clearcuts with and without a riparian 
buffer strip. Journal of Soil and Water Conservation 45: 
500–503. 

Underwood, A. J. 1997. Experiments in ecology: their logical 
design and interpretation using analysis of variance.
New York: Cambridge University Press; 504 p. 

Van Horne, B. 1983. Density as a misleading indicator of 
habitat quality. Journal of Wildlife Management 47: 893–
901.

Vickery, P. D., M. L. Hunter, and J. V. Wells. 1992. Is density 
an indicator of breeding success? The Auk 109: 706–710. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

364



Bird-Forestry Relationships – Sallabanks and Arnett 

Webb, W. L., D. F. Behrend, and B. Saisorn. 1977. Effect of log-
ging on songbird populations in a northern hardwood 
forest. Wildlife Monographs No. 55; 35 p. 

Weikel, J. M. and J. P. Hayes. 1999. The foraging ecology of 
cavity-nesting birds in young forests of the Northern 
Coast Range of Oregon. Condor 101: 58–66. 

Welsh, C. J. E. and W. M. Healy. 1993. Effects of even-aged 
timber management on bird species diversity and com-
position in northern hardwoods of New Hampshire. 
Wildlife Society Bulletin 21: 143–154. 

Welsh, C. J. E., W. M. Healy, and R. M. DeGraaf. 1992. Cavity-
nesting bird abundance in thinned versus unthinned 
Massachusetts oak stands. Northern Journal of Applied 
Forestry 9: 6–9. 

Welsh, D. A. 1987. The influence of forest harvesting on 
mixed coniferous-deciduous boreal bird communities in 
Ontario, Canada. Acta Oecologia 8: 247–252. 

Wetmore, S. P., R. A. Keller, and J. E. J. Smith. 1985. Effects of 
logging on bird populations in British Columbia as 
determined by a modified point-count method. Canadian 
Field Naturalist 99: 224–233. 

Whitcomb, B. L., R. F. Whitcomb, and D. Bystrak. 1977. Island 
biogeography and “habitat islands” of eastern forests. 
III. Long-term turnover and effects of selective logging 
on the avifauna of forest fragments. American Birds 31: 
17–23.

Wilson, G. R., M. C. Brittingham, and L. J. Goodrich. 1998. 
How well do artificial nests estimate success of real 
nests? Condor 100: 357–364. 

Wilson, M. D. and B. D. Watts. 1998. Breeding bird commun-
ities of a managed forest landscape in coastal North 
Carolina. Unpublished annual report. Williamsburg, VA: 
College of William and Mary. 

Wolff, J. O. 1995. On the limitations of species-habitat asso-
ciation studies. Northwest Science 69: 72–76. 

Wood, G. W., L. J. Niles, R. M. Hendrick, J. R. Davis, and T. L. 
Grimes. 1985. Compatibility of even-aged timber man-
agement and red-cockaded woodpecker conservation. 
Wildlife Society Bulletin 13: 5–17. 

Yahner, R. H. 1986. Structure, seasonal dynamics and habitat 
relationships of avian communities in small even-aged 
forest stands. Wilson Bulletin 98: 61–82. 

Yahner, R. H. 1987a. Use of even-aged stands by winter and 
spring bird communities. Wilson Bulletin 99: 218–232. 

Yahner, R. H. 1987b. Short-term avifaunal turnover in small 
even-aged forest habitats. Biological Conservation 39: 
39–48.

Yahner, R. H. 1991. Avian nesting ecology in small even-aged 
aspen stands. Journal of Wildlife Management 55: 155–
159.

Yahner, R. H. 1993. Effects of long-term forest clear-cutting 
on wintering and breeding birds. Wilson Bulletin 105: 
239–255. 

Yahner, R. H. and C. G. Mahan. 1996a. Depredation of artifi-
cial ground nests in a managed, forested landscape. 
Conservation Biology 10: 285–288. 

Yahner, R. H. and C. G. Mahan. 1996b. Effects of egg type on 
depredation of artificial ground nests. Wilson Bulletin 
108: 129–136. 

Yahner, R. H., T. E. Morrell, and J. S. Rachael. 1989. Effects of 
edge contrast on depredation of artificial avian nests. 
Journal of Wildlife Management 53: 1135–1138. 

Yahner, R. H. and D. P. Scott. 1988. Effects of forest fragmen-
tation on depredation of artificial nests. Journal of 
Wildlife Management 52: 158–161. 

Young, L. S. and D. E. Varland. 1998. Making research mean-
ingful to the manager. In: J. M. Marzluff and R. 
Sallabanks, editors. Avian conservation: Research and man-
agement. Covelo, CA: Island Press; 415–422. 

Zar, J. H. 1996. Biostatistical analysis. Third edition. Upper 
Saddle River, NJ: Prentice-Hall; 662 p.

Zarnowitz, J. E. and D. A. Manuwal. 1985. The effects of forest 
management on cavity-nesting birds in northwestern 
Washington. Journal of Wildlife Management 49: 255–
263.

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

365



B
ir

d
-F

o
re

s
tr

y
 R

e
la

ti
o

n
s
h

ip
s
 –

 S
a

ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

. 
P

S
W

-G
T

R
-1

9
1

. 
2

0
0

4
 

A
pp

en
di

x 
1.

D
es

cr
ip

ti
ve

 c
ri

te
ri

a
 f

o
r 

1
1
6
 s

tu
d
ie

s 
o
f 

b
ir

d
-f

o
re

st
ry

 r
el

a
ti

o
n
sh

ip
s 

in
cl

u
d
ed

 i
n

 o
u
r 

re
vi

ew
. 
S
p
a
ce

 l
im

it
a
ti

o
n
s 

p
ro

h
ib

it
 t

h
e 

in
cl

u
si

o
n

 o
f 

a
ct

u
a

l 
re

su
lt

s 
fr

o
m

 

ea
ch

 s
tu

d
y.

 S
ee

 f
o

o
tn

o
te

s 
fo

r 
co

lu
m

n
 d

ef
in

it
io

n
s.

 S
tu

d
ie

s 
a

re
 l

is
te

d
 i

n
 a

lp
h

a
b

et
ic

a
l 

o
rd

er
 b

y 
p

ri
m

a
ry

 a
u

th
o

r.

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
1 

W
 

M
O

 
C

 
C

C
, 

SW
, 

G
S

, 
ST

M
 

S
 

2 
N

 
12

 
M

 
B

B
 

R
A

, 
FT

Y
 

N
 

Y
 

A
nn

an
d 

an
d 

T
ho

m
ps

on
 

(1
99

7)
 

2 
N

W
 

O
R

 
C

 
S

L
 

U
 

S
 

2 
Y

 
6 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

A
rn

et
t e

t a
l. 

(2
00

1)
 

3 
W

 
U

T
 

C
 

C
C

 
E

 
S

 
1 

N
 

1 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
A

us
tin

 a
nd

 
P

er
ry

 (
19

79
) 

4 
E

 
K

Y
 

M
 

T
A

, 
C

C
M

 
S

 
3 

Y
 

4 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
B

ak
er

 a
nd

 
L

ac
ki

 (
19

97
) 

5 
S 

A
R

 
M

 
C

C
, 

ST
M

 
S

 
3 

N
 

6 
M

 
R

N
 

F
T

 
N

 
N

 
N

 
B

ar
be

r 
et

 a
l. 

(2
00

1)
 

6 
SW

 
A

Z
 

C
 

P
C

, 
C

C
M

 
S

 
1 

N
 

1 
M

 
W

B
 

R
A

 
Y

 
Y

 
N

 
B

la
ke

 (
19

82
) 

7 
SW

 
A

Z
 

C
 

C
C

, 
C

T
M

 
S

 
3 

N
 

1 
M

 
B

B
 

D
N

 
N

 
N

 
N

 
B

ra
w

n 
an

d 
B

al
da

 (
19

88
) 

8 
N

W
 

O
R

 
C

 
S

T
 

U
 

S
 

1 
N

 
1 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

B
ul

l e
t a

l. 
(1

99
5)

 
9 

N
E

 
M

A
 

H
 

F
C

 
U

 
S

 
2 

N
 

16
 

M
 

B
B

 
R

A
 

Y
 

Y
 

Y
 

C
ha

dw
ic

k 
et

 a
l. 

(1
98

6)
 

10
 

N
W

 
O

R
 

C
 

G
S

, 
T

A
,

C
C

M
 

S
 

1 
N

 
3 

M
 

W
B

 
R

A
 

N
 

N
 

Y
 

C
ha

m
be

rs
 a

nd
 

M
cC

om
b 

(1
99

7)
 

11
 

E
 

V
A

 
H

 
C

C
 

E
 

S
 

1 
N

 
1 

M
 

B
B

 
R

A
 

Y
 

N
 

Y
 

C
on

ne
r 

an
d 

A
dk

is
so

n 
(1

97
5)

 
12

 
E

 
V

A
 

M
 

C
C

 
E

 
S

 
1 

N
 

4 
M

 
Y

B
 

R
A

 
N

 
N

 
N

 
C

on
ne

r 
et

 a
l. 

(1
97

9)
 

13
 

N
E

 
Q

C
 

C
 

C
C

 
E

 
S

 
2 

Y
 

20
 

M
 

B
B

 
D

N
 

N
 

N
 

N
 

D
ar

ve
au

 e
t a

l. 
(1

99
5)

 
14

 
N

E
 

Q
C

 
C

 
C

C
 

E
 

S
 

4 
N

 
5 

M
 

A
N

 
F

T
 

N
 

N
 

N
 

D
ar

ve
au

 e
t a

l. 
(1

99
7)

 
15

 
W

 
U

T
 

H
 

C
C

 
E

 
S

 
4 

Y
 

1 
M

 
B

B
 

D
N

 
N

 
N

 
N

 
D

eb
yl

e 
(1

98
1)

 
16

 
N

E
 

N
H

 
H

 
C

C
 

E
 

E
 

3 
N

 
6 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

D
eG

ra
af

 (
19

92
)

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

366



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
17

 
N

E
 

N
H

 
H

 
C

C
, 

C
T

M
 

S
 

1 
N

 
3 

M
 

A
N

 
F

T
 

Y
 

N
 

N
 

D
eG

ra
af

 (
19

95
)

18
 

N
E

 
N

H
 

H
 

C
C

 
E

 
S

 
1 

N
 

14
 

M
 

A
N

 
F

T
 

N
 

N
 

N
 

D
eG

ra
af

 a
nd

 
A

ng
el

st
am

 
(1

99
3)

 
19

 
N

E
 

M
A

 
H

 
S

T
 

U
 

S
 

3 
N

 
3 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

D
eG

ra
af

 e
t a

l. 
(1

99
1b

) 
20

 
N

 
M

I 
H

 
C

C
 

E
 

S
 

1 
N

 
- 

M
 

S
S

 
R

A
 

Y
 

N
 

Y
 

D
el

la
sa

la
 a

nd
 

R
ab

e 
(1

98
7)

 
21

 
N

W
 

A
K

 
C

 
C

C
, 

C
T

,
G

S

M
 

S
 

2 
N

 
5 

M
 

Y
B

 
R

A
 

Y
 

Y
 

Y
 

D
el

la
sa

la
 e

t a
l. 

(1
99

6)
 

22
 

N
E

 
M

E
 

M
 

C
C

 
E

 
S

 
4 

N
 

10
 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

D
er

le
th

 e
t a

l. 
(1

98
9)

 
23

 
N

 
T

X
 

H
 

S
R

 
S

 
S

 
5 

N
 

4 
M

 
B

B
 

R
A

 
Y

 
N

 
Y

 
D

ic
ks

on
 e

t a
l. 

(1
98

3)
 

24
 

N
 

M
I 

H
 

S
R

 
S

 
S

 
2 

Y
 

3 
M

 
B

B
 

D
N

 
Y

 
N

 
N

 
D

in
gl

ed
in

e 
an

d 
H

au
fl

er
 (

19
83

) 
25

 
E

 
W

V
 

H
 

T
A

, 
C

C
M

 
S

 
2 

N
 

18
 

M
 

R
N

 
F

T
 

N
 

N
 

Y
 

D
ug

ua
y 

et
 a

l. 
(1

99
9)

 
26

 
N

W
 

B
C

 
C

 
C

C
 

E
 

S
 

1 
N

 
2 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

E
ck

er
t e

t a
l. 

(1
99

2)
 

27
 

N
 

A
B

 
C

 
C

C
 

E
 

S
 

1 
N

 
3 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

F
ar

r 
(1

99
2)

 
28

 
SW

 
A

Z
 

C
 

O
R

 
U

 
S

 
2 

N
 

1 
M

 
B

B
 

D
N

 
Y

 
Y

 
Y

 
F

ra
nz

re
b 

(1
97

7)
29

 
SW

 
A

Z
 

C
 

O
R

 
U

 
S

 
2 

N
 

1 
M

 
B

B
 

D
N

 
Y

 
Y

 
N

 
F

ra
nz

re
b 

(1
97

8)
30

 
SW

 
A

Z
 

C
 

S
T

 
U

 
S

 
2 

N
 

1 
M

 
B

B
 

R
A

, 
D

N
Y

 
N

 
N

 
F

ra
nz

re
b 

an
d 

O
hm

ar
t (

19
78

) 
31

 
N

 
N

S
 

H
 

C
C

, 
C

T
M

 
S

 
1 

N
 

2 
M

 
B

B
 

D
N

 
Y

 
N

 
N

 
F

re
ed

m
an

 e
t a

l. 
(1

98
1)

 
32

 
N

E
 

V
T

 
H

 
C

C
 

E
 

S
 

2 
N

 
3 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

G
er

m
ai

ne
 e

t a
l. 

(1
99

7)
 

33
 

S
E

 
F

L
 

M
 

C
C

 
E

 
S

 
2 

N
 

3 
M

 
Y

B
 

R
A

 
Y

 
N

 
N

 
G

re
en

be
rg

 e
t a

l. 
(1

99
5)

 
34

 
N

E
 

M
E

 
H

 
C

C
, 

C
T

M
 

S
, L

 
2 

N
 

11
 

M
 

B
B

 
R

A
 

N
 

N
 

Y
 

H
ag

an
 e

t a
l. 

(1
99

5)
 

35
 

N
E

 
M

E
 

H
 

C
C

 
E

 
L

 
1 

N
 

- 
M

 
B

B
, 

S
S

R
A

,
FT

Y
 

N
 

Y
 

H
ag

an
 e

t a
l. 

(1
99

6)
 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

367



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
36

 
N

E
 

M
E

 
H

 
C

C
, 

C
T

M
 

S
, L

 
2 

N
 

11
 

M
 

B
B

 
R

A
 

N
 

N
 

Y
 

H
ag

an
 e

t a
l. 

(1
99

7)
 

37
 

W
 

C
A

 
C

 
C

C
 

E
 

S
 

3 
N

 
7 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

H
ag

ar
 (

19
60

) 
38

 
N

W
 

O
R

 
C

 
C

T
 

U
 

S
 

2 
N

 
8 

M
 

Y
B

 
R

A
 

Y
 

Y
 

Y
 

H
ag

ar
 e

t a
l. 

(1
99

6)
 

39
 

W
 

C
O

 
C

 
C

C
, 

C
T

M
 

S
 

2 
N

 
1 

M
 

Y
B

 
R

A
 

Y
 

N
 

N
 

H
al

lo
ck

 (
19

89
–

90
) 

40
 

S
E

 
N

C
 

H
 

C
C

 
E

 
S

 
2 

N
 

1 
M

 
B

B
 

D
N

 
N

 
N

 
N

 
H

or
n 

(1
98

4)
 

41
 

N
E

 
M

E
 

M
 

C
C

, 
S

T
M

 
S

 
2 

N
 

2 
M

 
B

B
 

D
N

 
Y

 
Y

 
Y

 
Jo

hn
so

n 
an

d 
B

ro
w

n 
(1

99
0)

 
42

 
S

E
 

N
C

 
M

 
C

C
, 

C
T

M
 

S
 

2 
N

 
3 

M
 

Y
B

 
R

A
 

Y
 

Y
 

Y
 

K
ar

ri
ke

r 
(1

99
6)

43
 

W
 

W
Y

 
C

 
C

C
 

E
 

S
 

2 
N

 
7 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

K
el

le
r 

an
d 

A
nd

er
so

n 
(1

99
2)

 
44

 
N

W
 

A
K

 
C

 
C

C
 

E
 

S 
1 

N
 

2 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
K

es
sl

er
 (

19
79

) 
45

 
W

 
C

A
 

C
 

U
R

, 
SR

S
 

S
 

4 
Y

 
2 

M
 

B
B

 
R

A
 

Y
 

Y
 

N
 

K
il

go
re

 (
19

71
) 

46
 

N
E

 
N

H
 

H
 

C
C

 
E

 
S

 
2 

N
 

3 
M

 
S

S
 

F
T

 
Y

 
N

 
Y

 
K

in
g 

et
 a

l. 
(1

99
6)

 
47

 
N

E
 

N
H

 
H

 
C

C
 

E
 

E
 

2 
N

 
4 

M
 

B
B

 
D

N
 

Y
 

N
 

N
 

K
in

g 
et

 a
l. 

(1
99

7)
 

48
 

N
E

 
N

H
 

H
 

C
C

, 
G

S
M

 
S

, L
 

2 
N

 
3 

M
 

R
N

 
F

T
 

N
 

N
 

N
 

K
in

g 
et

 a
l. 

(2
00

1)
 

49
 

S
E

 
S

C
 

M
 

C
C

 
E

 
L

 
1 

N
 

8 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
L

an
ci

a 
et

 a
l. 

(1
99

6a
) 

50
 

S
E

 
S

C
 

M
 

C
C

 
E

 
S

 
1 

N
 

3 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
L

an
ci

a 
et

 a
l. 

(1
99

6b
) 

51
 

S
E

 
S

C
 

M
 

C
C

 
E

 
L

 
2 

Y
 

9 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
L

an
ci

a 
et

 a
l. 

(1
99

7)
 

52
 

N
E

 
V

T
 

H
 

C
C

, 
ST

M
 

S
 

2 
N

 
1 

M
 

B
B

 
R

A
, 

D
N

Y
 

Y
 

N
 

L
en

t a
nd

 C
ap

en
 

(1
99

5)
 

53
 

N
 

A
B

 
M

 
C

C
 

E
 

S
 

3 
Y

 
3 

M
 

B
B

, 
M

N
 

D
N

, 
FT

N
 

N
 

N
 

M
ac

ht
an

s 
et

 a
l. 

(1
99

6)
 

54
 

N
W

 
O

R
 

C
 

C
T

 
U

 
S

 
3 

N
 

4 
M

 
B

B
 

R
A

 
Y

 
Y

 
Y

 
M

an
na

n 
an

d 
M

es
lo

w
 (

19
84

)
55

 
N

 
M

N
 

H
 

C
C

 
E

 
E

 
2 

N
 

3 
M

 
A

N
, 

F
T

 
N

 
N

 
Y

 
M

an
ol

is
 e

t a
l. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

368



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
R

N
 

(2
00

0)
 

56
 

E
 

V
A

 
H

 
C

C
, 

ST
M

 
S

 
2 

N
 

1 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
M

au
re

r 
et

 a
l. 

(1
98

1)
 

57
 

N
W

 
M

T
 

C
 

SW
, 

G
S

, 
C

C

M
 

S
 

6 
N

 
2 

M
 

C
N

 
R

A
 

Y
 

N
 

Y
 

M
cC

le
ll

an
d 

(1
98

0)
 

58
 

E
 

K
Y

 
M

 
C

C
 

E
 

S
 

2 
N

 
3 

M
 

Y
B

 
R

A
 

Y
 

N
 

N
 

M
cC

om
b 

an
d 

R
um

se
y 

(1
98

3)
59

 
E

 
K

Y
 

M
 

C
T

 
U

 
S

 
4 

Y
 

1 
M

 
Y

B
 

R
A

 
Y

 
N

 
N

 
M

cC
om

b 
et

 a
l. 

(1
98

9)
 

60
 

E
 

K
Y

 
M

 
S

R
 

S
 

S
 

4 
Y

 
1 

M
 

Y
B

 
R

A
 

Y
 

N
 

N
 

M
cP

ee
k 

et
 a

l. 
(1

98
7)

 
61

 
N

W
 

ID
 

C
 

C
T

 
U

 
S

 
4 

Y
 

3 
M

 
B

B
 

D
N

 
Y

 
N

 
N

 
M

ed
in

 (
19

85
) 

62
 

N
W

 
ID

 
C

 
S

T
 

U
 

S
 

5 
Y

 
2 

M
 

B
B

 
D

N
 

N
 

N
 

N
 

M
ed

in
 a

nd
 

B
oo

th
 (

19
89

) 
63

 
S

 
T

X
 

M
 

P
C

 
U

 
S

 
2 

N
 

1 
M

 
Y

B
 

R
A

 
N

 
N

 
N

 
M

ic
ha

el
 a

nd
 

T
ho

rn
eb

ur
gh

 
(1

97
1)

 
64

 
S

E
 

A
L

 
H

 
C

C
 

E
 

S
 

1 
N

 
1 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

M
it

ch
el

l a
nd

 
L

an
ci

a 
(1

99
0)

 
65

 
S

E
 

S
C

 
H

 
C

C
 

E
 

S
 

1 
N

 
1 

M
 

B
B

 
R

A
 

N
 

N
 

Y
 

M
it

ch
el

l e
t a

l. 
(1

99
1)

 
66

 
N

W
 

O
R

 
C

 
C

C
 

E
 

S
 

1 
N

 
2 

M
 

B
B

 
R

A
 

Y
 

Y
 

N
 

M
on

th
ey

 
(1

98
3)

 
67

 
W

 
C

A
 

M
 

C
C

, 
PC

M
 

S
 

4 
N

 
1 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

M
or

ri
so

n 
(1

99
2)

 
68

 
N

 
A

B
 

M
 

P
C

, 
C

C
M

 
S

 
2 

Y
 

3 
M

 
B

B
 

R
A

 
Y

 
N

 
Y

 
N

or
to

n 
an

d 
H

an
no

n 
(1

99
7)

69
 

S
E

 
F

L
 

M
 

C
C

 
E

 
S

 
6 

Y
 

1 
M

 
Y

B
 

D
N

 
N

 
N

 
Y

 
O

'M
ea

ra
 e

t a
l. 

(1
98

5)
 

70
 

N
 

M
I,

 
M

N
 

H
 

C
C

 
E

 
S

 
8 

Y
 

4 
M

 
B

B
 

D
N

 
Y

 
N

 
N

 
P

ro
bs

t e
t a

l. 
(1

99
2)

 
71

 
S

E
 

F
L

 
C

 
C

C
 

E
 

S
 

1 
N

 
3 

M
 

Y
B

 
R

A
 

Y
 

N
 

N
 

R
ep

en
ni

ng
 a

nd
 

L
ab

is
ky

 (
19

85
)

72
 

N
 

M
I 

C
 

C
C

 
E

 
S

 
2 

N
 

5 
M

 
B

B
 

R
A

 
Y

 
Y

 
Y

 
R

og
er

s 
et

 a
l. 

(1
99

6)
 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

369



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
73

 
SE

 
FL

 
M

 
C

C
, 

C
T

M
 

S
 

4 
Y

 
1 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

R
ow

se
 a

nd
 

M
ar

io
n 

(1
98

1)
 

74
 

N
E

 
M

E
 

M
 

C
C

 
E

 
E

 
2 

N
 

- 
M

 
A

N
 

F
T

 
Y

 
N

 
N

 
R

ud
ni

ck
y 

an
d 

H
un

te
r 

(1
99

3)
 

75
 

N
W

 
O

R
 

C
 

C
T

 
U

 
S

 
1 

N
 

20
 

M
 

B
B

 
R

A
 

Y
 

Y
 

N
 

S
al

la
ba

nk
s 

(1
99

4)
 

76
 

N
W

 
O

R
 

C
 

C
T

 
U

 
S

 
1 

N
 

12
 

M
 

B
B

 
R

A
 

Y
 

Y
 

Y
 

S
al

la
ba

nk
s 

(1
99

5)
 

77
 

N
W

 
ID

 
C

 
C

T
 

U
 

S
 

3 
Y

 
8 

M
 

B
B

 
R

A
 

Y
 

Y
 

N
 

S
al

la
ba

nk
s 

(1
99

6)
 

78
 

N
W

 
ID

 
C

 
C

T
 

U
 

S
 

4 
Y

 
8 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

S
al

la
ba

nk
s 

(1
99

7)
 

79
 

N
W

 
O

R
 

C
 

C
T

 
U

 
S

 
3 

N
 

12
 

M
 

B
B

 
R

A
 

Y
 

Y
 

Y
 

S
al

la
ba

nk
s 

et
 

al
. (

20
02

) 
80

 
N

W
 

ID
 

C
 

C
C

, 
C

T
M

 
S

 
2 

N
 

4 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
S

al
la

ba
nk

s 
et

 
al

. (
su

bm
itt

ed
 

m
s)

 
81

 
S

 
A

R
 

M
 

P
C

, 
C

C
M

 
S

, W
 

1 
N

 
- 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

S
am

s 
(1

99
5)

 

82
 

N
 

A
B

 
M

 
C

C
 

E
 

S
, L

 
3 

Y
 

3 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
S

ch
m

ie
ge

lo
w

 e
t 

al
. (

19
97

) 
83

 
N

W
 

O
R

 
C

 
S

R
 

S
 

S
 

2 
N

 
3 

M
 

C
N

 
D

N
 

Y
 

Y
 

Y
 

S
ch

re
ib

er
 a

nd
 

de
C

al
es

ta
 

(1
99

2)
 

84
 

SW
 

A
Z

 
C

 
S

R
 

S
 

S
 

4 
Y

 
1 

M
 

B
B

 
D

N
 

Y
 

N
 

Y
 

S
co

tt
 (

19
79

) 
85

 
W

 
C

O
 

H
 

C
C

 
E

 
S

 
1 

N
 

4 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
S

co
tt

 a
nd

 
C

ro
uc

h 
(1

98
7)

 
86

 
W

 
C

O
 

H
 

C
C

 
E

 
S

 
1 

N
 

10
 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

S
co

tt
 a

nd
 

C
ro

uc
h 

(1
98

8)
 

87
 

SW
 

A
Z

 
C

 
C

C
 

E
 

S
 

4 
Y

 
2 

M
 

B
B

 
D

N
 

N
 

N
 

N
 

S
co

tt
 e

t a
l. 

(1
98

2)
 

88
 

SW
 

A
Z

 
C

 
S

T
, 

G
S

, 
C

C

M
 

S
 

4 
Y

 
1 

M
 

B
B

 
R

A
 

Y
 

N
 

Y
 

S
co

tt
 a

nd
 

G
ot

tf
ri

ed
 

(1
98

3)
 

89
 

SW
 

A
Z

 
C

 
S

R
 

S
 

S
 

4 
Y

 
1 

M
 

C
N

 
D

N
 

Y
 

N
 

Y
 

S
co

tt
 a

nd
 

O
ld

em
ey

er
 

(1
98

3)
 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

370

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

370



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
90

 
N

 
W

I 
H

 
C

C
 

E
 

S
 

2 
N

 
1 

M
 

B
B

 
R

A
 

Y
 

N
 

N
 

S
te

ff
en

 (
19

85
) 

91
 

S
 

T
X

 
M

 
C

C
 

E
 

E
 

1 
N

 
4 

M
 

B
B

 
R

A
 

Y
 

N
 

Y
 

S
tr

el
ke

 a
nd

 
D

ic
ks

on
 (

19
80

)
92

 
N

E
 

P
A

 
H

 
C

T
, 

SR
U

 
S

 
1 

N
 

2 
M

 
B

B
 

R
A

 
Y

 
Y

 
Y

 
S

tr
ib

li
ng

 e
t a

l. 
(1

99
0)

 
93

 
SW

 
A

Z
 

C
 

C
T

, 
SW

 
U

 
S

 
2 

N
 

1 
M

 
B

B
 

D
N

 
Y

 
N

 
Y

 
S

za
ro

 a
nd

 
B

al
da

 (
19

79
) 

94
 

SW
 

A
Z

 
C

 
C

C
, 

PC
M

 
S

 
3 

N
 

1 
M

 
B

B
 

D
N

 
Y

 
Y

 
N

 
S

za
ro

 a
nd

 
B

al
da

 (
19

86
) 

95
 

S
 

A
R

 
M

 
P

C
, 

C
C

U
 

S
, W

 
2 

N
 

1 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
T

ap
pe

 (
19

96
) 

96
 

N
E

 
V

T
 

H
 

C
C

, 
PC

M
 

S
 

2 
N

 
6 

M
 

B
B

 
R

A
 

Y
 

 
Y

 
T

ho
m

ps
on

 a
nd

 
C

ap
en

 (
19

88
) 

97
 

M
W

 
M

O
 

H
 

C
C

 
E

 
S

 
4 

Y
 

3 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
T

ho
m

ps
on

 a
nd

 
Fr

itz
el

l (
19

90
) 

98
 

M
W

 
M

O
 

M
 

C
C

 
E

 
S

 
2 

N
 

9 
M

 
B

B
 

D
N

 
N

 
N

 
N

 
T

ho
m

ps
on

 e
t a

l. 
(1

99
2)

 
99

 
N

E
 

M
E

 
C

 
C

C
 

E
 

S
 

1 
N

 
3 

M
 

B
B

 
D

N
 

Y
 

Y
 

N
 

T
it

te
ri

ng
to

n 
et

 
al

. (
19

79
) 

10
0 

N
W

 
M

T
 

C
 

C
C

, 
PC

M
 

S
 

2 
N

 
4 

M
 

B
B

 
R

A
 

Y
 

N
 

Y
 

T
ob

al
sk

e 
et

 a
l. 

(1
99

1)
 

10
1 

E
 

K
Y

 
M

 
C

C
, 

PC
M

 
S

 
2 

Y
 

2 
M

 
B

B
 

R
A

 
N

 
N

 
Y

 
T

ri
qu

et
 e

t a
l. 

(1
99

0)
 

10
2 

N
E

 
N

Y
 

H
 

C
C

, 
PC

M
 

S
 

10
 

N
 

1 
M

 
B

B
 

R
A

 
N

 
N

 
N

 
W

eb
b 

et
 a

l. 
(1

97
7)

 
10

3 
N

 
O

N
 

M
 

S
T

 
U

 
S

 
1 

N
 

- 
M

 
B

B
 

D
N

 
N

 
N

 
N

 
W

el
sh

 (
19

87
) 

10
4 

N
E

 
N

H
 

H
 

C
C

 
E

 
S

 
2 

N
 

3 
M

 
B

B
 

R
A

 
Y

 
N

 
N

 
W

el
sh

 a
nd

 
H

ea
ly

 (
19

93
) 

10
5 

N
E

 
M

A
 

H
 

S
T

, 
SR

U
 

S
 

2 
N

 
4 

M
 

C
N

 
R

A
 

Y
 

N
 

Y
 

W
el

sh
 e

t a
l. 

(1
99

2)
 

10
6 

N
W

 
B

C
 

C
 

C
C

 
E

 
S 

1 
N

 
4 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

W
et

m
or

e 
et

 a
l. 

(1
98

5)
 

10
7 

E
 

M
D

 
H

 
S

T
 

U
 

S
 

2 
N

 
1 

M
 

B
B

 
R

A
 

N
 

N
 

N
 

W
hi

tc
om

b 
et

 a
l. 

(1
97

7)
 

10
8 

S
E

 
N

C
 

H
 

C
T

 
U

 
S

 
1 

N
 

6 
M

 
B

B
 

R
A

 
Y

 
Y

 
N

 
W

il
so

n 
an

d 
W

at
ts

 (
19

88
) 

10
9 

N
E

 
P

A
 

M
 

C
C

 
E

 
S

 
3 

N
 

3 
M

 
Y

B
 

R
A

 
Y

 
Y

 
N

 
Y

ah
ne

r 
(1

98
6)

 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

371



R
H

: 
B

ir
d

-F
o

re
s

tr
y
 R

e
la

ti
o

n
s

h
ip

s
 –

 S
a
ll
a
b

a
n

k
s
 a

n
d

 A
rn

e
tt

 

U
S

D
A

 F
o

re
s
t 

S
e

rv
ic

e
 G

e
n

. 
T

e
c
h

. 
R

e
p

 P
S

W
-G

T
R

-1
9

1
. 

2
0

0
4

 

A
pp

en
di

x 
1.

 C
o

n
ti

n
u

ed
. 

N
o.

R
eg

1
St

at
e

H
ab

2  
P

re
s3  

C
at

4  
Sc

l5  
D

u
r6  

B
vA

7  
R

ep
8  

T
yp

e9  
B

ir
ds

10
D

at
a11

V
eg

12
 

B
-H

13
 

M
gt

14
R

ef
er

en
ce

 
11

0 
N

E
 

P
A

 
M

 
C

C
 

E
 

S
 

4 
N

 
3 

M
 

Y
B

 
R

A
 

Y
 

Y
 

N
 

Y
ah

ne
r 

(1
98

7a
)

11
1 

N
E

 
P

A
 

M
 

C
C

 
E

 
S

 
3 

N
 

5 
M

 
R

N
 

F
T

 
N

 
N

 
N

 
Y

ah
ne

r 
(1

99
1)

 
11

2 
N

E
 

P
A

 
M

 
C

C
 

E
 

S
 

2 
N

 
10

 
M

 
Y

B
 

R
A

 
N

 
N

 
N

 
Y

ah
ne

r 
(1

99
3)

 
11

3 
N

E
 

P
A

 
M

 
C

C
 

E
 

S
 

1 
N

 
10

 
M

 
A

N
 

F
T

 
N

 
N

 
N

 
Y

ah
ne

r 
an

d 
M

ah
an

 (
19

96
a)

11
4 

N
E

 
P

A
 

M
 

C
C

 
E

 
S

 
1 

N
 

10
 

M
 

A
N

 
F

T
 

N
 

N
 

N
 

Y
ah

ne
r 

an
d 

S
co

tt
 (

19
88

) 
11

5 
N

E
 

P
A

 
M

 
C

C
 

E
 

E
 

1 
N

 
15

 
M

 
A

N
 

F
T

 
Y

 
N

 
N

 
Y

ah
ne

r 
et

 a
l. 

(1
98

9)
 

11
6 

N
W

 
W

A
 

C
 

C
C

, 
P

C
,

SR

M
 

S
 

2 
N

 
2 

M
 

C
N

 
D

N
 

Y
 

Y
 

Y
 

Z
ar

no
w

it
z 

an
d 

M
an

uw
al

 
(1

98
5)

 
1
R

eg
 =

 G
eo

gr
ap

hi
ca

l r
eg

io
n 

of
 s

tu
dy

 (
E

 =
 E

as
t, 

M
W

 =
 M

id
w

es
t, 

N
 =

 N
or

th
, N

E
 =

 N
or

th
ea

st
, N

W
 =

 N
or

th
w

es
t, 

S 
=

 S
ou

th
, S

E
 =

 S
ou

th
ea

st
, S

W
 =

 S
ou

th
w

es
t, 

W
 =

 W
es

t)
 

2
H

ab
 =

 F
or

es
t h

ab
ita

t (
C

 =
 C

on
if

er
ou

s,
 H

 =
 H

ar
dw

oo
ds

, M
 =

 M
ix

ed
);

  
3

Pr
es

 =
 S

ilv
ic

ul
tu

ra
l 

pr
es

cr
ip

tio
n 

st
ud

ie
d 

(C
C

 =
 C

le
ar

cu
t, 

C
T

 =
 C

om
m

er
ci

al
 t

hi
n,

 F
C

 =
 F

ue
lw

oo
d 

cu
tti

ng
, 

G
S 

=
 G

ro
up

 s
el

ec
tio

n,
 O

R
 =

 O
ve

rs
to

ry
 r

em
ov

al
, 

PC
 =

 P
ar

tia
l 

cu
t, 

SL
 =

 S
al

va
ge

 
lo

gg
in

g,
 S

R
 =

 S
na

g 
re

m
ov

al
/r

et
en

tio
n,

 S
T

 =
 S

in
gl

e-
tr

ee
 s

el
ec

tio
n,

 S
W

 =
 S

he
lte

rw
oo

d,
 T

A
 =

 T
w

o-
ag

e 
cu

t, 
U

R
 =

 U
nd

er
st

or
y 

re
m

ov
al

);
4
C

at
 =

 P
re

sc
ri

pt
io

n 
ca

te
go

ry
 (

E
 =

 E
ve

n-
ag

ed
, M

 =
 M

ix
 o

f 
ev

en
- 

an
d 

un
ev

en
-a

ge
d,

 U
 =

 U
ne

ve
n-

ag
ed

);
  

5
Sc

l =
 S

pa
tia

l s
ca

le
 o

f 
st

ud
y 

(E
 =

 E
dg

e 
ef

fe
ct

s 
st

ud
y,

 L
 =

 L
an

ds
ca

pe
-l

ev
el

, S
 =

 S
ta

nd
-l

ev
el

, W
 =

 W
at

er
sh

ed
-l

ev
el

);
  

6
D

ur
 =

 S
tu

dy
 d

ur
at

io
n 

(n
um

be
r 

of
 f

ie
ld

 s
ea

so
ns

 th
at

 d
at

a 
w

er
e 

co
lle

ct
ed

);
 

7
B

vA
 =

 B
ef

or
e 

vs
. a

ft
er

 tr
ea

tm
en

t d
at

a 
w

er
e 

co
ll

ec
te

d 
an

d 
co

m
pa

re
d 

(Y
 =

 Y
es

, N
 =

 N
o)

; 
8
R

ep
 =

 D
eg

re
e 

of
 r

ep
lic

at
io

n 
(m

ea
n 

no
. r

ep
lic

at
e 

st
an

ds
 o

r 
pl

ot
s 

st
ud

ie
d 

pe
r 

tr
ea

tm
en

t)
; 

9
T

yp
e 

=
 T

yp
e 

of
 s

tu
dy

 (
M

 =
 M

en
su

ra
tiv

e 
or

 c
or

re
la

tio
na

l, 
E

 =
 M

an
ip

ul
at

iv
e 

ex
pe

ri
m

en
t)

; 
10

B
ir

ds
 =

 B
ir

d 
sp

ec
ie

s 
or

 n
es

t 
ty

pe
 s

tu
di

ed
 (

A
N

 =
 A

rt
if

ic
ia

l 
ne

st
s,

 B
B

 =
 B

re
ed

in
g 

bi
rd

s,
 C

N
 =

 C
av

ity
 n

es
te

rs
, 

R
N

 =
 R

ea
l 

ne
st

s,
 S

S
 =

 S
in

gl
e 

sp
ec

ie
s,

 W
B

 =
 W

in
te

ri
ng

 b
ir

ds
, Y

B
 =

 Y
ea

r-
ro

un
d 

bi
rd

s)
;

11
D

at
a 

=
 D

at
a 

ty
pe

 c
ol

le
ct

ed
 (

D
N

 =
 D

en
si

ty
 e

st
im

at
es

, F
T

 =
 F

itn
es

s 
pa

ra
m

et
er

s 
[e

.g
., 

ne
st

 s
uc

ce
ss

, p
ro

du
ct

iv
ity

],
 R

A
 =

 R
el

at
iv

e 
ab

un
da

nc
e)

; 
12

V
eg

 =
 V

eg
et

at
io

n 
or

 h
ab

ita
t d

at
a 

co
lle

ct
ed

 (
Y

 =
 Y

es
, N

 =
 N

o)
; 

13
B

-H
 =

 B
ir

d-
ha

bi
ta

t r
el

at
io

ns
hi

ps
 e

xa
m

in
ed

 a
nd

 id
en

tif
ie

d 
(Y

 =
 Y

es
, N

 =
 N

o)
; 

14
M

gt
 =

 M
an

ag
em

en
t r

ec
om

m
en

da
tio

ns
 m

ad
e 

(Y
 =

 Y
es

, N
 =

 N
o)

. 

USDA Forest Service Gen. Tech. Rep. PSW-GTR-191. 2005

372




