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Abstract. North American birds have declined by 29% over 48 years, with declines occur-
ring across species and biomes.  To examine population patterns at a local scale, we investi-
gated species and population shifts in a forest bird community in northeastern Connecticut.  
We did so in relation to its changing environments, focusing on patterns consistent with the 
effects of climate change and habitat manipulation.  In 1985, we established survey routes 
primarily in the intensively managed Yale-Myers experimental forest, which we repeated in 
2018 and 2019.  Species richness varied little from the initial survey to the recent ones, alt-
hough population density increased by 24% after 1985.  Turnover in species composition 
exceeded 50%.  The five most strongly declining species were northerly distributed, forest 
interior inhabitants, whereas the seven most strongly increasing species were variously dis-
tributed forest interior and edge/successional-associated species.  Some species experienced 
increases by invading new habitats, whereas at least one appeared to decline due to inter-
specific competition.  Expected effects of climate change on populations were consistent 
with some findings, but habitat effects appeared related to a greater number of shifts.  How-
ever, much contrary data indicated that these factors were not alone in driving community 
change.   This bird community may best be thought of as a dynamic assemblage that repre-
sents the sum of individualistic responses to environmental and perhaps stochastic factors.   

 North American birds are reported to have de-
clined by 29% over 48 years, with declines occurring 
across a variety of species and biomes (Rosenberg et 
al. 2019).  However, population declines are rarely 
uniform across ranges and examination of continent-
wide population trends often show complex patterns 
of increase and decrease (James et al. 1996, Villard 

and Maurer 1996, Sauer et al. 2017).  Processes driv-
ing population and range shifts are potentially many 
and may include both density dependent and density 
independent factors.  Chief among these are thought 
to be climatic (Hitch and Leberg 2007) and structural 
habitat (Goodale et al. 2009, Duguid et al. 2016, 
Hanle et al. 2020) change, which may themselves be 
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related (Whitaker 2017), although disease (May 
1995, Friend et al. 2001),  defoliation (Bell and 
Whitmore 1997, Gale et al. 2001), weather (Haggerty 
and Morton 2014), competition (Confer and Larkin 
1998), species adaptations (Bearhop et al. 2005, Ku-
bisch et al. 2013), changes in food availability 
(Barber and Marquis 2008), and stochastic effects 
(Craig and Klaver 2012, Taheri et al. 2016) also play 
roles.  Moreover, for Neotropical or even shorter 
distance migrants, such factors are not only of conse-
quence on breeding grounds but also on migratory 
routes and wintering grounds (LaSorte et al. 2017), 
with winter survivorship contributing to observed 
North American population patterns (Rappole and 
McDonald 1994). 

Evidence that climate change is driving bird 
population and range shifts, particularly ranges re-
ceding or expanding north, is reported for North 
America (Hitch and Leberg 2007, Covino et al. 
2020) and Europe (Thomas and Lennon 1999, but 
see Taheri et al. 2016).  Climate change is evident 
even at regional scales, with Connecticut’s annual 
mean temperatures rising 1.7 °C since 1900 (NOAA 
2020).  However, despite its warming climate, Con-
necticut’s forest composition is still more driven by 
land-use history than climate change (Ashton et al. 
2015).   

Connecticut’s forests have generally not suc-
ceeded to southerly-associated species but rather to 
ones more typical of northern forests (Alerich 1999, 
Butler 2017), although some species typical of the 
Southeast have increased (Craig 2017, Lefland et al. 
2018).  Connecticut’s second-growth forests are now 
maturing, with some stands beginning to exhibit later
-successional forest structures similar to old-growth, 
whereas early successional habitats have progressive-
ly declined in occurrence (Alerich 1999, Butler 
2017).  The character of Connecticut’s forests is also 
continually changing in response to pests and disease 
(Wharton et al. 2004).  Hence, at scales below conti-
nental ones, responses of forest birds to changing 
conditions are likely to be complex. 

 To investigate how its forest bird community 
has changed over time at a regional scale, we studied 
populations in the Northeast Uplands ecoregion of 
Connecticut (Dowhan and Craig 1976)—a tongue of 
higher elevation landscape with forest cover more 
northern-associated than in the rest of eastern Con-
necticut.  As such, a variety of forest bird species 
have historically been at or near their southern range 
limit there (Craig 2017), making them potentially 
sensitive indicators of the effects of climate change.  
Quantitative bird surveys began in this region in 
1985, so a long-term perspective exists on the status 
of its forest birds.  Because annual variability in bird 
communities tends to be high, the importance of such 
a long-term perspective in elucidating processes driv-
ing patterns is well known (Collins 2001).   

Our goal in this study was to determine, based 
on a 34-year perspective, the degree to which the 
regional forest bird community has changed and to 
what extent regional environmental alteration ap-
pears responsible for driving such change.  We par-
ticularly sought evidence that might relate to the re-
gion’s warming climate and changing habitat struc-
ture.  Because the region’s forests are extensive and 
maturing and because the study area’s forests have 
been managed for earlier successional habitats, we 
predicted that bird species associated with these habi-
tats should be differentially increasing.  However, we 
also sought to identify community patterns that were 
consistent with explanations other than climate and 
habitat.  Our findings should, thus, provide a regional 
perspective that assists with understanding larger 
continental trends. 

 
METHODS 

 
Study areas. Compared with the rest of eastern 

Connecticut, the Northeast Uplands have a sparse 
human population of 3.9–9.7 individuals/km2 and 
have the lowest temperatures (mean summer = 21°C, 
mean winter = −2°C), shortest frost-free growing 
season of 150 days, annual mean rainfall of 123 cm 
and steeply hilly topography with elevations ranging 
from ca. 180 to 400 m (Dowhan and Craig 1976, 
NOAA 1981–2010 Climate Normals).  Forest covers 
about 70% of the region (Alerich 1999, CLEAR 
2020).  Based on measurements made at 75 stations 
by Craig (2017), forests are 21% oak-dominated, 
11% mixed deciduous, 44% conifer-central hard-
wood, 3% pine-oak, 18% pure conifer and 2% mixed 
cover.   

This study took place in and adjacent to the Yale
-Myers Forest, a research and demonstration forest 
(41.95° N, 72.12° W).  Within the roughly 15,000 ha 
ecoregion, Yale-Myers Forest covers 3,213 ha, or 
about 30% of the region’s forest.  Since the 1950s, 
forest stands have been treated through improvement 
cuts followed by commercial crown thinning.  Crown 
thinning involves treatments to the canopy where 
growing space is cleared around selected crop trees, 
usually oak (Ashton and Kelty 2018).  Since 1990, 
thinning has been conducted in at least one stand/
year, with the total extent of stands thinned from 
1990 to 2005 being about 690 ha (Ashton et al. 
2015).   

Also after 1990, shelterwood cutting occurred 
sporadically until 1999, after which it was conducted 
annually.  Shelterwood refers to a regeneration treat-
ment that harvests 50–80% of basal area and leaves 
large, evenly-spaced trees to act as a source of seed 
for new recruitment, shade and protection of the re-
generating stand.  The tree canopy is harvested in 
stages to allow more shade tolerant species to estab-
lish in the understory.  These residual trees may be 
harvested 10−20 years after initial cutting and once 
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regeneration has been established.  Shelterwood 
treatments can be considered ‘‘irregular” by leaving 
additional structures behind (reserves) that remain 
uncut after the final removal of parent trees.  Re-
serves can include snags or living trees of differing 
species and size classes that provide supplementary 
wildlife habitat and food (e.g., older cavity trees, 
trees that provide soft and hard mast, evergreens that 
provide thermal cover).  Reserves can occur singly or 
be strategically arranged in groups across the harvest 
treatment (Smith et al. 1997).  The practice of shel-
terwood cutting did not occur before 1990 because 
the forest was largely even-aged, with no stands con-
sidered mature (80–120 years of age).  By 2006, 
shelterwoods covered ca. 380 ha.  These types of 
forest management yielded a landscape with habitats 
from early successional to mature forest. 

Bird surveys. In 1985, we established 10 survey 
routes that generally followed old logging roads or 
roads through the forest interior.  Nine of these were 
mostly within Yale-Myers Forest and one traversed 
an adjacent state park, all primarily in the town of 
Union (Fig. 1).  We initially measured the 1.6 km 
routes with a distance measuring wheel and recorded 
on maps key landmarks along them, although by 

2018 we converted beginning and ending landmarks 
to global positioning system-determined coordinates.   

Along each route between 25 May and 1 July, 
the height of the local breeding season, we performed 
duplicate surveys using the strip census protocol of 
Emlen (1977).  We repeated the 1985 surveys in 
2018 and 2019 using the same procedure of plotting 
on maps the position of all birds encountered to 60 m 
from each side of a route.  We walked these routes 
after first light at about 1.2 kph on days of low wind 
and no precipitation.   

Because of the long period between surveys per-
formed by a single observer, detection ability could 
have declined for high-pitched vocalizers, notably 
the Blackburnian Warbler (Setophaga fusca).  To test 
this, we divided our mapped observations for this 
species into those made at <30 and >30 m and com-
pared the frequency of observations in these catego-
ries in 1985 vs. 2018–2019.   

In 1985, we prepared field maps of each survey 
transect to document transect landmarks for future 
resurvey and also locations where forest openings 
with earlier successional growth occurred.  To com-
pare these initial measurements with present condi-
tions, we again delineated locations with earlier suc-
cessional growth on the same base maps prepared in 
1985, using satellite imagery to refine boundaries on 
all maps.  Maps did not show a continuum of effects 
but rather fell into three qualitative categories: 1) 
those with minimal change, 2) those with moderate 
change, 3) and those with extensive change. 

Analysis. Emlen’s (1977) method does not ac-
count for the decline in detectability of birds with 
distance and thus produces problematic estimates of 
absolute population density (Buckland et al. 2001, 
Carrascal et al. 2008).  Hence, in analyses we used 
our original counts as measures of relative abun-
dance.  To compute species richness, we counted all 
species associated with forest habitats even if they 
appeared just beyond the 60 m distance in order to 
give a more complete assessment of species present.  
Indeed, observations demonstrated that home ranges 
of such peripheral birds generally brought them later 
within the 60 m.  However, in abundance analyses, 
we used observations only from within the 60 m 
boundary, with abundance defined as counts of indi-
viduals/transect. 

Based on Craig’s (2017) quantitative evaluation 
of habitat use by Connecticut forest birds, we divided 
species into those associated with one of three habitat 
categories: 1) forest interior, 2) forest edge and suc-
cessional habitats and 3) generalists.  Using Breeding 
Bird Survey (BBS) data (Sauer et al. 2017), we also 
classified species into those showing continental 
population 1) increases, 2) decreases or 3) little 
change since 1966, with the latter defined as a BBS 
population trend of < ± 0.4.  In addition, we classi-
fied species as to their North American range using 
2011–2015 range maps from Sauer et al. (2017): 1) 

FIG. 1. Study areas in Yale-Myers Forest, Tol-
land and Windham counties, Connecticut, with tran-
sect locations (1985, 2018−2019) represented by 
centrally located dots. 
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species for which 90% of the range east of the Rocky 
Mts., excluding an Appalachian Mountain range ex-
tension, was north of Connecticut, 2) ones for which 
90% of this eastern range was south of Connecticut, 
and 3) ones for which Connecticut was within the 

core of the range (<90% of range to the north or 
south).  For these categories, we computed the num-
ber of species in each of these groups and the size of 
population increases and decreases in 1985–2018, 
1985–2019 and 2018–2019.  We computed propor-
tionate change among categories in year-year com-
parisons by separately dividing increases and de-
creases by total population change.  In assessing 
findings for individual species, we made further use 
of BBS data and data from other literature sources.  
When results for individual species provided addi-
tional evidence for the relationship between popula-
tion patterns and potential causal factors, we report 
these under the heading of species accounts.  We also 
computed species accumulation curves for each year 
of the study, with accumulation based on the chro-
nology of surveys, in order to assess the complete-
ness of community sampling. 

We examined patterns in species richness, abun-
dance, temporal population shifts and species turno-
ver, with turnover calculated by summing the species 
gained and lost and dividing this number by the total 
species pool for the years of comparison.  This yield-
ed three sets of turnover values: 1985−2018, 
1985−2019 and 2018−2019.  Because we gathered 
data at the same sites over a series of years, the data 
were repeated measures.  Hence, when required, we 
employed repeated measures analysis of variance in 
examining results.  When sphericity assumptions 
were violated, we employed epsilon adjustments to 
evaluate significance of results.  We entered habitat 
category, continental population trend, continental 
range and Yale-Myers Forest population trends 
(increase vs. decrease) into models as between-
subject effects.  In these and other tests, we checked 
the fit of data to model assumptions with data plots, 
frequency histograms, normal Q-Q plots, residual 
plots, Levene’s homogeneity of variance tests, 
Shapiro-Wilk normality tests and Mauchly’s W test.  
When assumptions were violated, we employed data 
transformations to normalize data and stabilize vari-
ances.  When assumptions remained poorly met, we 
employed Friedman and Wilcoxon related samples 
nonparametric tests.  We used SPSS 15 (SPSS 2006) 
to perform tests. 

 
RESULTS 

 
Community trends. We recorded 79 forest-

associated species during this investigation.  Species 
accumulation curves demonstrated from their slopes 
reaching essentially zero after addition of species 
from the 5th of 10 transects that we achieved virtual-
ly complete sampling of community composition. 

Species richness (Fig. 2) varied little among 
years although survey transects differed in richness.  
In contrast, abundance measures (Fig. 3) differed 
among years and transects and displayed a year x 
transect interaction, with Bonferroni comparisons 
demonstrating that 2018 and 2019 mean abundances 

TABLE 1. Within- and between subject repeated 
measures tests of annual and transect hifts in 
breeding bird species’richness and abundance at 
Yale-Myers Forest. 
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at transects were 24% greater than 1985 (P < 0.001, 
Table 1) but they did not differ from each other (P = 
0.99, Table 1).  However, variance in abundance 
estimates increased after 1985.  Turnover in species 
composition was above 50% in comparisons of 1985 
with both 2018 and 2019, although it was still 36% 
between 2018 and 2019.  Examination of turnover 
values showed differences among years, with Bon-
ferroni comparisons revealing that 2018–2019 turno-
ver was less than that of 1985–2018 and 1985–2019 
(P < 0.01; Table 1, Fig. 4).  These latter two values 
did not differ (P = 0.40, Table 1). 

Comparison of the extent of earlier successional 
habitats in 1985 vs. 2018–2019 showed that, alt-
hough species richness remained constant overall, it 
tended to increase at sites with greater conversion to 
earlier successional habitats, although not signifi-
cantly so (Table 1,2).  Abundance, in contrast, 
showed significant differences among years and a 
year x habitat change interaction (Table 1,2), with 
particularly 2018 and 2019 transect counts having 
higher abundances at sites with more earlier succes-
sional habitat.  

Species trends. Examination of temporal chang-
es in detectability of the Blackburnian Warbler 
demonstrated that in 1985 observations were 54 and 
46% (n = 35) for birds detected at < or >30 m, re-
spectively.  In 2018–2019, they were 59 and 41% (n 
= 22), respectively.  These differences were not sig-
nificant (Wilcoxon z  = −0.42, P = 0.67).  The small-
er 2018−2019 samples corresponded to the species’ 
strong Northeastern population decline during this 
time (Sauer et al. 2017). 

Forest interior and particularly edge/
successional species were by far the most frequently 
occurring at Yale-Myers Forest.  Species that were 
continentally declining were also those comprising 
the greatest proportion of Yale-Myers species.  Most 

species were not near their range periphery in Con-
necticut and the fewest species were near their north-
ern range limit (Table 3).   

Forest interior and edge/successional species 
undergoing population increases at Yale-Myers For-
est accounted for 39% of the species pool.  However, 
32% of species associated with these habitats de-
clined.  Of these latter 24 species, only three were 
southern range limit species with continental popula-
tion trends that suggested climate change could ac-
count for the declines.  Of the remaining 21 species, 
an additional six had local declines coincident with 
continental declines, leaving 15 species for which 
local declines had no clear relationship to habitat, 
climate or continental trend (Table 3). 

Species at their southern range limit undergoing 
population declines and species at their northern 
range limit undergoing population increases account-
ed for 25% of the species pool.  However, of these 19 
species, only six showed trends coincident with larg-
er continental trends.  Moreover, 13 range limit spe-
cies had population shifts opposite to those predicted 
by a climate change hypothesis and the largest 
groups of increasing and decreasing species, 24% 
and 16% respectively, were not near their range limit 
(Table 3).   

Of continentally increasing and decreasing spe-
cies, 28% of Yale-Myers Forest species had the same 
trends.  Of these 21 species, eight increasing species 
were associated with interior forest and edge/
successional habitats, one increasing generalist was 
near its northern range limit and three decreasing 
species were near southern range limits.  The nine 
remaining species with population trends not poten-
tially accounted for by climate and habitat provided 
evidence for population shifts being solely related to 
continental trends (Table 3). 

Population trends. Original data for Yale-
Myers Forest populations showed that the 2018–

TABLE 2. Breeding bird species richness and community abundance for Yale-Myers Forest transects undergoing 
low (n = 2), medium (n = 4) and high (n = 4) levels of conversion from mature forest to earlier successional 
habitats from 1985 to 2018–2019.  
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2019 comparison had smaller population shifts than 
did those of 1985–2018 or 1985–2019 (Friedman χ2  
= 13.15, df = 2, P < 0.01).  Otherwise, proportionate 
data showed patterns similar to those of original data 
and use of proportionate data facilitated parametric 
analyses, so we use proportions in the analyses that 
follow.  For forest interior, edge/successional and 
generalist species, 2018–2019 comparisons of popu-
lation increases vs. decreases (Fig. 5) were similar 

but both 1985–2018 and 1985–2019 had greater in-
creases than decreases.  Species associated with the 
three habitat categories differed in the extent of their 
population shifts, with Bonferroni tests showing that 
forest interior species had greater shifts than edge/
successional species (P = 0.05, Table 4) and both 
underwent greater shifts than did generalists (P < 
0.01, Table 4).  Population increases were also great-
er than decreases overall, with forest interior and 

FIG. 2. Repeated measures of species richness estimates at the Yale-Myers Forest, Tolland/Windham 
counties, Connecticut, for 1985, 2018 and 2019 (n = 10) showing mean (x), median (-), standard deviation 
(shaded) and range (T).                                  

FIG. 3. Repeated measures of community abundance estimates for the first (e.g., 1985−1) and second (e.g., 
1985−2) sets of annual surveys in 1985, 2018 and 2019 (n = 10) at the Yale-Myers Forest, Tolland/Windham coun-
ties, Connecticut. 

Year comparisons 

Year comparisons 
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edge/successional populations differentially showing 
increases, whereas generalists had increases similar 
to decreases (Table 4). 

Examination of Yale-Myers Forest population 
increases vs. decreases in relation to continental pop-
ulation trends (Fig. 6) showed the 2018–2019 com-
parison had greater decreases than did those of 1985–
2018 or 1985–2019.  However, population increases 
were greater than decreases overall and continentally 
increasing and decreasing populations both differen-
tially increased at Yale-Myers Forest.  An interaction 
occurred as well among year comparisons, continen-
tal trends and Yale-Myers population shifts primarily 
because greater population declines occurred in 2018
–2019 for continentally increasing and decreasing 
species (Table 4).  

Investigation of Yale-Myers Forest population 
increases vs. decreases in relation to geographic 
ranges (Fig. 7) again demonstrated that 2018–2019 
comparisons had lower increases but higher decreas-
es than those of 1985–2018 and 1985–2019.  Moreo-
ver, populations shifts differed among ranges, with 
Bonferroni tests showing that populations at their 
northern range limit had the lowest shifts and central-
ly distributed populations had the greatest (P < 0.01, 
Table 4).   Population increases were greater than 
decreases overall and particularly species not near 
their range limit had more strongly increasing popu-
lations.  An interaction among year comparisons, 
ranges and Yale-Myers Forest population shifts also 
occurred, primarily due to population shifts being 

less for increasing species and greater for declining 
species in 2018– 2019. 

Species accounts.  The 2nd through 5th most 
strongly declining species at Yale-Myers Forest were 
all northerly-distributed and interior forest-
associated.  The Brown Creeper (Certhia americana) 
and Blackburnian Warbler are continentally stable 
but declining in the Northeast.  The Blue-headed 
Vireo (Vireo solitarius) is increasing continentally 
and in the Northeast, whereas the Yellow-rumped 
Warbler (Setophaga coronata) has little continental 
trend but is increasing in the Northeast (Sauer et al. 
2017).   

Of the 1st through 4th most strongly increasing 
Yale-Myers Forest species, all of which are associat-
ed with interior forest, the centrally distributed Red-
eyed Vireo (Vireo olivaceus) is increasing continen-
tally but shows inconsistent Northeastern trends, the 
northerly distributed Veery (Catharus fuscescens) is 
declining continentally and in the Northeast, the cen-
trally distributed, historically rare (Craig 2017) Pine 
Warbler (Setophaga pinus) is increasing at all scales 
and the centrally distributed Ovenbird (Seiurus au-
rocapilla) shows little continental trend and is declin-
ing in the Northeast (Sauer et al. 2017).  Notably, the 
Pine Warbler, absent from Yale-Myers Forest in 
1985 but now the second commonest forest warbler, 
appears to have invaded eastern Connecticut from 
southeastern coastal plain populations (Craig 2017).   

The 5th, 6th and 8th most strongly increasing 
Yale-Myers Forest species were all early succession-

FIG. 4. Repeated measures of species turnover estimates at the Yale-Myers Forest, Tolland/Windham coun-
ties, Connecticut, for 1985, 2018 and 2019 (n = 10), with turnover calculated by summing the species gained and 
lost and dividing this number by the total species pool for the years of comparison.  

Year comparisons 
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al habitat-associated.  The southerly distributed East-
ern Towhee (Pipilo erythropthalmus) is declining 
continentally and in the Northeast, the centrally dis-
tributed Gray Catbird (Dumatella carolinensis) is 
stable continentally and in the Northeast and the nor-
therly distributed Chestnut-sided Warbler (Setophaga 
pensylvanica) is declining continentally and in the 
Northeast (Sauer et al. 2017).   

Other species once largely or entirely absent at 
Yale-Myers Forest but now present include the cen-
trally distributed Sharp-shinned Hawk (Accipiter 
striatus), the northerly distributed Nashville Warbler 
(Oreothlypus ruficapilla) and the southerly distribut-
ed Warbling Vireo (Vireo gilvus), Worm-eating War-
bler (Helmitheros vermivorum), Cerulean Warbler 
(Setophaga cerulea) and Kentucky Warbler 
(Geothlypis formosa).  The northerly distributed Red-
breasted Nuthatch (Sitta canadensis), the commonest 
nuthatch at Yale-Myers Forest in 1985, was infre-
quent by 2018−2019.  The Cerulean Warbler, declin-
ing over much of its range (Sauer et al. 2017), is 
shifting its range by expanding into southern New 
England, where it is moving into its maturing, exten-
sive forests (Craig 2017)—its preferred habitat 
(Buehler 2013). 

 
DISCUSSION  

 
Individual species examined at multiple geo-

graphical scales (Appendix 1) provided additional 
evidence for the relationship between population 
patterns and potential causative agents.  The norther-
ly distributed habitat generalist Black-capped Chick-
adee (Poecile atricaipila) has undergone a continent-
wide and Northeastern (Sauer et al. 2017) breeding 
population increase, yet it experienced the strongest 
decline of any species at Yale-Myers Forest, with the 

decline averaging 40%.  During the same period, its 
larger, southerly distributed generalist relative, the 
Tufted Titmouse (Baeolophus bicolor) also undergo-
ing a continental and Northeastern increase, went 
from being largely absent to quadrupling its numbers 
and experiencing the 7th largest population increase.  
This same phenomenon occurred when the titmouse 
first invaded northwestern Connecticut (Loery and 
Nichols 1987). 

The boreal forest-associated Yellow-bellied 
Sapsucker (Sphyrapicus varius) has also undergone a 
continent-wide and Northeastern (Sauer et al. 2017) 
population increase.  Although historically a rare 
Connecticut breeder of open swamps into the early 
1970s, it expanded its habitat use to include mature 
conifer-hardwood upland forest in northwestern Con-
necticut, where it is now the commonest woodpecker 
(Craig 2017).  When first detected summering in 
northeastern Connecticut in 2001, it occupied open 
swamp habitat (Craig 2017).  It has similarly expand-
ed to conifer-hardwoods at Yale-Myers Forest, where 
it has undergone the 9th largest population increase.  
Notably, during this same period the continentally 
increasing Hairy Woodpecker (Picoides villosus), 
although seemingly ecologically unlike the sapsuck-
er, has declined since 1985.   

Still another species that has clearly expanded 
its habitat use is the Common Raven (Corvus corax).  
Confined primarily to remote core forests in far 
northern portions of the Northeast into the 1970s, 
(Boarman and Heinrich 1999), its populations ex-
panded south into Connecticut during the 1980s.  It 
now occurs south to the coast and occupies a range 
of Connecticut forests from conifer-hardwood to oak
-dominated and most recently has expanded into ag-
ricultural and urban landscapes (Craig 2017).  In 
contrast, the Blackburnian Warbler’s Northeastern 

TABLE 3. Breeding bird species totals for Yale-Myers Forest habitat associations, continental ranges and conti-
nental trend associations.  
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decline has been coincident with the dramatic decline 
of Connecticut’s Red Pine (Pinus resinosa) stands.  It 
was formerly a regular inhabitant of Red Pine at Yale
-Myers Forest (R. Craig pers. obs.).  Also notably, 
populations of the increasing Eastern Towhee (Bell 
and Whitmore 1997) as well as the successional-
associated Yellow-billed (Coccyzus americanus) and 
Black-billed Cuckoos (C. erythropthalmus) profit 
from outbreaks of gypsy moths (Gale et al. 2001), 
and particularly eastern Connecticut had the second 
largest state outbreak in 2017–2019 (Stafford III 
2020). 

We found an increase in community abundance 
that was nearly as large as that reported for continen-
tal population declines.  Community species richness 
varied little over time, which itself raises questions 
about whether there is an upper limit to the number 
of species that the Yale-Myers Forest system can 
support.  Furthermore, a greater than 50% turnover 
occurred in species composition, with species rare or 
absent in 1985 frequent by 2018–2019 and species 
frequent in 1985 rare or absent by 2018–2019.  Dif-
ferences computed for multiple community measures 
were less for 2018–2019 comparisons than for those 
of 1985–2018 or 1985–2019, indicating that progres-
sive community change occurred.  Moreover, vari-
ance among transect abundances increased after 
1985, apparently as a consequence of increased habi-
tat heterogeneity at eight of 10 study sites.  Such 
substantial shifts support Craig’s (2005) proposition 
that bird communities are dynamic rather than static 
assemblages, with a region’s communities changing 
continually over time.  Similarly, since the last ice 
age, plant species in eastern North America have 
responded individualistically to changing conditions, 
such that plant associations with no contemporary 
counterparts have appeared and disappeared 
(Prentice et al. 1991, Jablonski and Sepkoski 1996), 
and principal community members have invaded and 
receded from areas due to a host of ecological factors 
(Davis 1998, Fuller 1998). 

Evidence consistent with climate change driving 
community change is that of population declines of 
species at their southern range limit and population 
increases of species at their northern range limit.  
That the five most strongly declining species were all 
northerly distributed provides supportive evidence, 
although only two of the top eight increasing species 
were southerly distributed.  Our accounts of the de-
cline of other less common northern-associated spe-
cies and the invasion of the forest by more uncom-
mon southern-associated species also suggests that 
climate change plays a role in driving community 
change.  However, patterns related to population 
shifts of range limit species revealed that compara-
tively few species showed trends also reflective of 
larger continental trends and more species showed 
population patterns contrary to predictions than were 
consistent with them.  Similarly, most species at the 

TABLE 4. Within- and between-subject repeated 
measures tests of temporal population shifts 
among breeding bird species’ habitat associa-
tions, continental population trends and conti-
nental ranges at Yale-Myers Forest.  
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FIG. 5. Proportionate population shifts at the Yale-Myers Forest, Tolland/Windham counties, Connecticut, for 
three categories of habitat use: forest interior, edge/successional species, generalist. 

FIG. 6. Proportionate population shifts at the Yale-Myers Forest, Tolland/Windham counties, Connecticut, for 
three categories of continental population trend: increasing, decreasing, no trend.  
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highest elevation of the White Mountains, New 
Hampshire showed trends opposite to those predicted 
by climate change (DeLuca and King 2016).  Moreo-
ver, most species undergoing population shifts were 
not near their range limit.  Hence, climate change is 
clearly not the only agent driving community change.   

Evidence consistent with habitat driving popula-
tion shifts is more extensive, with 39% of interior 
forest and edge/successional species experiencing 
population increases.  The percent of forest that is 
mature—now over 70%—has increased steadily in 
Connecticut since the first 1952 survey, with less 
than a 10% decline in total forest area occurring over 
this time (Alerich 1999, Butler 2017).  If we presume 
that many of the Northeast’s species coevolved with 
the mature forest that covered much, although not all, 
of the prehistoric landscape (Foster 1998), evidence 
of which may be the greater reproductive success 
experienced by species inhabiting forest interiors 
(Donovan et al 1995, Tittler et al. 2006), then popu-
lation increases by interior forest species likely re-
flect this adaptation, with greater population densities 
of such species (Holmes and Sherry 2001) resulting 
from high reproductive success in mature, extensive 
forest.   

Additional evidence of such high success is the 
movement of typically mature forest species into the 
younger age class forests at Yale-Myers Forest re-

ported by Duguid et al. (2016), suggesting that indi-
viduals from source (mature) habitats are overflow-
ing to sink (earlier successional shrubland and shel-
terwood treatment) habitats, where reproductive suc-
cess is typically less (Thompson and Nolan 1973, 
Probst and Hayes 1987, Weinberg and Roth 1998).   

Evidence also comes from population patterns in 
successional habitats.  Although these habitats have 
declined state-wide, their proportion at Yale-Myers 
Forest has grown since 1985 and the greatest abun-
dance increases we observed were among edge/
successional species.  Such habitats have long been 
known to support bird populations at greater densi-
ties than in more mature forests (Odum 1950, 
Kendeigh and Fawver 1981).  Indeed, plots of de-
creasing stand age at Yale-Myers Forest were associ-
ated with increasingly greater bird species density 
(Duguid et al. 2016). 

Observations contrary to habitat driving an 
abundance increase are that 27% of species associat-
ed with interior forest and edge/successional habitats 
had population declines not appearing to be related 
either to habitat or climate.  Furthermore, some of the 
most strongly declining species were forest interior-
associated.  Habitat, then, also appears able to ac-
count for only a portion of population shifts. 

Additional factors showing a relationship with 
observed population patterns include for at least 
some species the effects of interspecific competition 

FIG.7. Proportionate population shifts for three categories of geographic ranges with respect to Connecticut: 
southern range limit, northern range limit, not near range limit.  
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and expansion of habitat use.  Interspecific compe-
tition is strongly suggested in the decline of the 
Black-capped Chickadee.  Similar evidence for 
competition influencing populations of species, 
particularly near their range limits, is known for 
other species (Gross and Price 2000).  Moreover, 
habitat expansion appears evident for the Yellow-
bellied Sapsucker, which has ranged south even in 
the face of climate change, as have such northerly 
distributed species as the Common Raven.  Rapid 
adjustments of traits, including those related to 
shifts in geographic range, is well documented for 
birds (Johnson and Selander 1964, Yeh 2004, 
Bearhop et al. 2005).  Whether climate change may 
be involved in forcing such change (Martin 2001) 
is as yet uncertain, but species near their range 
limit are known to be under selective pressure to 
adapt to conditions found there (Liebl and Martin 
2014).   

The re-emergence of bird predators within the 
Yale-Myers Forest ecosystem also raises the possi-
bility that such species influence populations of 
prey species. The recently arrived but former resi-
dent Sharp-shinned Hawk has begun re-occupying 
northeastern Connecticut for the first time since its 
local population collapsed after the 1920s (Craig 
2017), likely in part a consequence of the DDT era 
(Hickey 1969), although the species also may be 
profiting from the expansion of younger forest at 
Yale-Myers Forest—its preferred habitat (Bildstein 
and Meyer 2000).  Similarly, the Cooper’s Hawk 
(A. cooperii) has reappeared as a widespread 
breeder throughout southern New England, includ-
ing being observed at Yale-Myers Forest in 2020, 
with populations in Connecticut and Rhode Island 
now estimated at 4,820 (Craig 2017).  The Fisher 
(Pekania pennanti), a predator of birds and eggs 
long extirpated from Connecticut (Craig 1979), has 
also become widespread (M. Duguid pers. obs.) 
after first being recorded at the forest in 1987 (R. 
Craig pers. obs.).  

Observations reported further indicate compli-
cating issues in interpreting the changes seen in 
this community.  Patterns observed at the continen-
tal level were not necessarily evident at the region-
al level of this study, with both continentally in-
creasing and decreasing species differentially 
showing increases at Yale-Myers Forest.  This in-
dicates that regional factors override continental 
ones in determining population trajectory.  Moreo-
ver, we report that more than one factor may pro-
duce the same population response of individual 
species, making it difficult to distinguish the causa-
tive agent responsible for yielding an observed 
pattern.   

All this strongly suggests that, although cer-
tain suites of species may respond similarly to par-
ticular environmental changes, species in general 
tend to respond individualistically to their environ-

ment, depending upon their particular physiology 
and ecological requirements, which are themselves 
not necessarily constant.  Moreover, phenomena 
occurring external to a specific geographic region 
may drive local populations.  For example, for neo-
tropical and even migrants to the Southeastern U.S., 
conditions on the wintering ground may well have 
contributed to some of the patterns observed in this 
study.  Any individual species’ population is a com-
plex interplay of responses to multiple and some-
times conflicting factors and factors operating at 
differing environmental scales (Holt 1993).  Moreo-
ver, given the typical population fluctuations that 
occur at range peripheries (Thompson and Nolan 
1973, Marti 1997) and even annually (Collins 2001), 
such as between 2018 and 2019 species composi-
tion, simply annual settlement patterns of breeding 
individuals may drive some community dynamism. 
(James et al. 1996, Villard and Maurer 1996).  
Hence, the Yale-Myers Forest bird community may 
be best thought of as the sum of individualistic re-
sponses to environmental and perhaps also stochas-
tic factors.  

  
ACKNOWLEDGEMENTS 

 
This study took place on the traditional home-

land of the Nipmuck people.  It was funded through 
member contributions and gifts to Bird Conservation 
Research, Inc., as well as through grants from the 
Quinebaug-Shetucket Heritage Corridor (National 
Park Service), Glen R. Dash Charitable Foundation 
and gifts from the Pfizer Foundation and United 
Technologies Foundation.  Thank you to the Yale 
School Forest Properties and to Hull Forest Products 
for access to their land.  Contribution 28 of Bird 
Conservation Research, Inc. 

 
LITERATURE CITED 

 
Aඅൾඋංർඁ, C.L.  1999.  Forest Statistics for Connecti-

cut. USDA Forest Service, Northeastern Re-
search Station Resource Bulletin NE−147. 

Aඌඁඍඈඇ, M.S. and M.J. Kൾඅඍඒ.  2018.  The Practice 
of Silviculture: Applied Forest Ecology. John 
Wiley & Sons, Hoboken, NJ, USA. 

Aඌඁඍඈඇ, M.S., M.C. Dඎඎංൽ, A.L. Bൺඋඋൾඍඍ and K. 
Cඈඏൾඒ.  2015.  Yale school forests, New Eng-
land, United States of America. In Forest Plans 
of North America (J. Siry, P. Bettinger, K. 
Merry, D. Grebner, K. Boston, and  C. 
Cieszewski, Editors). Academic Press, Cam-
bridge, MA, USA. pp. 255−264. 

Bൺඋൻൾඋ, N.A., R.J. Mൺඋඊඎංඌ and W.P. Tඈඋං.  2008. 
Invasive prey impacts and the abundance of 
native predators. Ecology 89:2678−2683. 

Bൾൺඋඁඈඉ, S, W. Fංൾൽඅൾඋ, R.W. Fඎඋඇൾඌඌ, S.C. Vඈඍං-
ൾඋ, S. Wൺඅൽඋඈඇ, J. Nൾඐඍඈඇ, G. J. Bඈඐൾඇ, P. 
Bൾඋඍඁඈඅൽ and K. Fൺඋඇඌඐඈඋඍඁ.  2005.  As-



Bird Conservation Research, Inc. Contribution 28      2022 

13 

 

 

 

sortative mating as a mechanism for rapid 
evolution of a migratory divide. Science 
310:502−504. 

Bൾඅඅ, J.L. and R.C. Wඁංඍආඈඋൾ.  1997.  Eastern 
Towhee numbers increase following defolia-
tion by gypsy moths. The Auk 114:708−716. 

Bංඅൽඌඍൾංඇ, K.L. and K. Mൾඒൾඋ.  2000.  Sharp-
shinned Hawk (Accipiter striatus). In The 
Birds of North America (A.F. Poole and F.B. 
Gill, Editors). Cornell Lab of Ornithology, 
Ithaca, NY, USA. https://doi.org/10.2173/
bna.482. 

Bඈൺඋආൺඇ, W.I. and B. Hൾංඇඋංർඁ.  1999.  Common 
Raven (Corvus corax), version 2.0. In The 
Birds of North America (A. F. Poole and F. B. 
Gill, Editors). Cornell Lab of Ornithology, 
Ithaca, NY, USA. https://doi.org/10.2173/
bna.476. 

Bඎർඅൺඇൽ, S.T., D.R. Aඇൽൾඋඌඈඇ, K.P Bඎඋඇඁൺආ, 
J.L. Lൺൺൾ, D.L. Bඈඋർඁൾඋඌ and L. Tඁඈආൺඌ.   
2001.  Introduction to distance sampling. Ox-
ford University Press, Oxford, UK. 

Bඎൾඁඅൾඋ, D.A., P.B. Hൺආൾඅ and T. Bඈඏൾඌ.  2013.  
Cerulean Warbler (Setophaga cerulea), ver-
sion 2.0. In The Birds of North America (A.F. 
Poole, Editor). Cornell Lab of Ornithology, 
Ithaca, NY, USA. https://doi.org/10.2173/
bna.511. 

Bඎඍඅൾඋ, B.J. 2017. Forests of Connecticut, 2016. 
Newtown Square (PA): USDA, Forest Ser-
vice, Northeast Research Station. Update 
FS−130. 

Cൺඋඋൺඌർൺඅ, L.M., J. Sൾඈൺඇൾ and D. Pൺඅඈආංඇඈ 
(2008). Bias in density estimations using strip 
transects in dry open–country environments in 
the Canary Islands. Animal Biodiversity and 
Conservation 31:45−50. 

CLEAR.  2020.  Center for Land Use Education 
and Research, University of Connecticut web 
site. https://clear.uconn.edu/projects/
landscape/CT/stats.htm#top. 

Cඈඅඅංඇඌ, S.L.  2001.  Long-term research and the 
dynamics of bird populations and communi-
ties. The Auk 118:583−588. 

Cඈඇൿൾඋ, J.L. and J.L. Lൺඋංඇ.  1998.  Behavioral 
interactions between Golden-winged and Blue
-winged Warblers. The Auk 115:209−214. 

Cඈඏංඇඈ, K.M., K.G. Hඈඋඍඈඇ and S.R. Mඈඋඋංඌ.  
2020.  Seasonally specific changes in migra-
tion phenology across 50 years in the Black-
throated Blue Warbler. The Auk 137:1−11. 

Cඋൺං, R.J.  1979.  The Rare Vertebrates of Con-
necticut. USDA Soil Conservation Service, 
Storrs, CT, USA. 

Cඋൺං, R.J.  2005.  Endangered species, provincial-
ism, and a continental approach to bird conser-
vation. Avian Conservation and Ecology 1:2.  

Cඋൺං, R.J.  2017.  Forest birds of Connecticut and 

Rhode Island. Bird Conservation Research, 
Inc. Contribution 23, Pomfret, CT, USA. 

Cඋൺං, R.J. and R.W. Kඅൺඏൾඋ.  2013.  Factors influ-
encing geographic patterns in diversity of for-
est bird communities of eastern Connecticut, 
USA. Ecography 36:599−609. 

Dൺඏංඌ, M.B.  1998.  Patchy invasion and the origin 
of a hemlock−hardwood forest mosaic. Ecolo-
gy 79:2641−2659. 

DൾLඎർൺ, W.V. and D.I. King.  2016.  Montane birds 
shift downslope despite recent warming in the 
northern Appalachian Mountains. Journal of 
Ornithology 158:493−505. 

Dඈඁൾඋඍඒ, P.F. and T.C. Gඋඎൻൻ, Jr.  2000.  Habitat 
preference and landscape correlates of pres-
ence, density, and species richness of birds 
wintering in forest fragments in Ohio. Wilson 
Bulletin 112:388−394. 

Dඈඇඈඏൺඇ, T.M., F.R. Tඁඈආඉඌඈඇ III, J. Fൺൺൻඈඋ 
and J. R. Pඋඈൻඌඍ.  1995.  Reproductive success 
of migratory birds in habitat sources and sinks. 
Conservation Biology 9:1380−1395. 

Dඈඐඁൺඇ, J.J. and R.J. Cඋൺං.  1976.  Rare and En-
dangered Species of Connecticut and Their 
Habitats. Connecticut Geological and Natural 
History Survey Report of Investigations 6, 
Hartford, CT, USA. 

Dඎඎංൽ, M.C., E.H. Mඈඋඋൾඅඅ, E. Gඈඈൽൺඅൾ and 
M.S. Aඌඁඍඈඇ.  2016.  Changes in breeding 
bird abundance and species composition over a 
20−year chronosequence following shelter-
wood harvests in oak−hardwood forests. Forest 
Ecology and Management 376: 221–230. 

Eආඅൾඇ, J.T.  1977.  Estimating breeding season bird 
densities from transect counts. The Auk 
94:455−468. 

Fඈඌඍൾඋ, C.H.W.  1998.  The Massachusetts forest: 
an historical overview. In Stepping Back to 
Look Forward: a History of the Massachusetts 
Forest (C.H.W. Foster, Editor). Harvard For-
est, Petersham, MA, USA. pp. 3−18. 

Fඋංൾඇൽ, M., R.G. MർLൾൺඇ and F.J. Dൾංඇ.  2001.  
Disease emergence in birds: challenges for the 
21st century. The Auk 118:290−304. 

Fඎඅඅൾඋ, J.L.  1998.  Ecological impact of the 
mid−Holocene hemlock decline in southern 
Ontario, Canada. Ecology 79:2337−2351. 

Gൺඅൾ, G.A., J.A. DൾCൾർർඈ, M.R. Mൺඋඌඁൺඅඅ, W.R. 
MർCඅൺංඇ and R.J. Cඈඈඉൾඋ.  2001.  Effects of 
gypsy moth defoliation on forest birds: an as-
sessment using Breeding Bird Census data. 
Journal of Field Ornithology 72:291–304. 

Gඈඈൽൺඅൾ, E., P. Lൺඅൻඁൺං, U.M. Gඈඈൽൺඅൾ and P. 
M.S. Aඌඁඍඈඇ.  2009.  The relationship be-
tween shelterwood cuts and crown thinnings 
and the abundance and distribution of birds in 
a southern New England forest. Forest Ecology 
and Management 258:314−322. 



Craig, Duguid and Ashton ā FOREST BIRD POPULATION INCREASE AND TURNOVER 

14 

 

 

Gඋඈඌඌ, S.J. and T.D. Pඋංർൾ.  2000.  Determinants of 
the northern and southern range limits of a 
warbler. Journal of Biogeography 
27:869−878. 

Hൺൾඋඍඒ, T.M. and E.S. Mඈඋඍඈඇ.  2014.  Caroli-
na Wren (Thryothorus ludovicianus). In The 
Birds of North America, version 2.0. In The 
Birds of North America (A.F. Poole, Editor). 
Cornell Lab of Ornithology, Ithaca, NY, 
USA. https://doi.org/10.2173/bna.188. 

Hൺඇඅൾ, J., M.C. Dඎඎංൽ and M.S. Aඌඁඍඈඇ.  2020.  
Legacy forest structure increases bird diversi-
ty and abundance in aging young for-
ests. Ecology and Evolution 10:1193−1208. 

Hංർൾඒ, J.J. 1969.  General discussion: population 
biology and significance of trends.  ln Pere-
grine Falcon populations: their biology and 
decline. (J.J. Hickey, Editor). University of 
Wisconsin Press, Madison, WI, USA. pp. 
523−549. 

Hංඍർඁ, A.T. and P.L. Lൾൻൾඋ.  2007.  Breeding 
distributions of North American birds moving 
north as a result of climate change. Conserva-
tion Biology 21:534−540. 

Hඈඅආൾඌ, R.T. and T.W. Sඁൾඋඋඒ.  2001.  Thir-
ty−year bird population trends in an unfrag-
mented temperate deciduous forest: im-
portance of habitat change. Auk 118:589−611. 

Hඈඅඍ, R.D.  1993.  Ecology at the mesoscale: the 
influence of regional processes on local com-
munities. In Species Diversity in Ecological 
Communities (R. E. Ricklefs and D. Schluter, 
editors). pp. 77−88. 

Jൺൻඅඈඇඌං, D.J. and J.J. Sൾඉඈඌං, Jr.  1996.  Paleo-
biology, community ecology, and scales of 
ecological patterns. Ecology 77:1367−1378. 

Jൺආൾඌ, F.C., C.E. MർCඈඅඅඈඎඁ, and D.A. 
Wංൾൽൾඇൿൾඅൽ.  1996.  New approaches to the 
analysis of population trends in land birds. 
Ecology 77:13−27. 

Jඈඁඇඌඍඈඇ, R.F. and R.K. Sൾඅൺඇൽൾඋ.  1964.  House 
Sparrows: rapid evolution of races in North 
America. Science 144:548−550. 

Kൾඇൽൾංඁ, S.C. and B.J. Fൺඐඏൾඋ.  1981.  Breeding 
bird population in the Great Smoky Moun-
tains, Tennessee and North Carolina. Ecology 
65:1936−1938. 

Kඎൻංඌർඁ, A., T. Dൾൾඇ, T. Hඈඏൾඌඍൺൽඍ and H.J. 
Pඈൾඍඁൾ.  2013.  Predicting range shifts under 
global change: the balance between local ad-
aptation and dispersal. Ecography 
36:873−882. 

LൺSඈඋඍൾ, F.A., D. Fංඇ, P.J. Bඅൺඇർඁൾඋ, A.D. 
Rඈൽൾඐൺඅൽ, V. Rඎංඓ-Gඎඍංൾඋඋൾඓ, K.V. Rඈඌ-
ൾඇൻൾඋ, W.M. Hඈർඁൺർඁൺ, P.H. Vൾඋൻඎඋ 
and S. Kൾඅඅංඇ.  2017.  Global change and 
the distributional dynamics of migratory bird 
populations wintering in Central America. 
Global Change Biology 23:5284−5296. 

Lൾൿඅൺඇൽ, A.B., M.C. Dඎඎංൽ, R.S. Mඈඋංඇ and 
M.S. Aඌඁඍඈඇ.  2018.  The demographics and 
regeneration dynamic of hickory in sec-
ond−growth temperate forest. Forest Ecology 
and Management 419:187−196.  

Lංൾൻඅ, A.L. and L.B. Mൺඋඍංඇ.  2014.  Living on the 
edge: range edge birds consume novel foods 
sooner than established ones. Behavioral Ecol-
ogy 25: 1089−1096. 

Lඈൾඋඒ, G. and J.D. Nංർඁඈඅඌ.  1985.  Dynamics of a 
Black-capped Chickadee population, 
1958−1983. Ecology 66:1195−1203. 

Mൺඋඍං, C.D.  1997.  Lifetime reproductive success 
in Barn Owls near the limits of the species 
range. The Auk 114:581−592. 

Mൺඋඍංඇ, T.E.  2001.  Abiotic vs. biotic influences 
on habitat selection of co-existing species: 
climate change impacts. Ecology 82:175−188. 

Mൺඒ, R.M.  1995.  Disease and the abundance and 
distribution of bird populations: a summary. 
The Ibis 137:S85−S86. 

Nൺඍංඈඇൺඅ Oർൾൺඇංർ ൺඇൽ Aඍආඈඌඉඁൾඋංർ Aൽආංඇ-
ංඌඍඋൺඍංඈඇ.  2020.  State climate summaries: 
Connecticut. https://statesummaries.ncics.org/
chapter/ct/. 

Oൽඎආ, E.P.  1950.  Bird populations of the High-
lands (North Carolina) Plateau in relation to 
plant succession and avian invasion. Oikos 
46:419−423. 

Pඋൾඇඍංർൾ, I.C., P.J. Bൺඋඍൾඅංඇ and T. Wൾൻൻ III. 
1991.  Vegetation and climate change in east-
ern North America since the last glacial maxi-
mum. Ecology 72:2038−2056. 

Pඋඈൻඌඍ, J.R. and J.P. Hൺඒൾඌ.  1987.  Pairing success 
of Kirtland's Warblers in marginal vs. suitable 
habitat. The Auk 104:234−241. 

Rൺඉඉඈඅൾ, J.A. and M.V. MർDඈඇൺඅൽ.  1994.   
Cause and effect in population declines of 
migratory birds. The Auk 111:652−660. 

Rඈඌൾඇൻൾඋ, K.V., A.M. Dඈඍൾඋ, P.J. Bඅൺඇർඁൾඋ, 
J.R. Sൺඎൾඋ, A.C. Sආංඍඁ, P.A. Sආංඍඁ, J.C. 
Sඍൺඇඍඈඇ, A. Pൺඇඃൺൻං, L. Hൾඅൿඍ, M. Pൺඋඋ and 
P.P. Mൺඋඋൺ.  2019.  Decline of the North 
American avifauna. Science 366:120−124. 

Sൺඎൾඋ, J.R., D.K. Nංඏൾඇ, J.E. Hංඇൾඌ, D.J. Zංඈඅ-
ඈඐඌං, Jඋ, K.L. Pൺඋൽංൾർ, J.E. Fൺඅඅඈඇ and 
W.A. Lංඇ.  2017.  The North American 
Breeding Bird Survey, Results and Analysis 
1966−2015. Version 2.07.2017 USGS Patux-
ent Wildlife Research Center, Laurel, MD, 
USA.  

SPSS Inc. 2006. SPSS for Windows, Version 15.0. 
Chicago, SPSS Inc. 

Sඍൺൿൿඈඋൽ III, K.C.  2020.  The Gypsy Moth. Con-
necticut Agricultural Experiment Station Fact 
Sheet. 

Tൺඁൾඋං, S., B. Nൺංආං and M.B. Aඋൺනඃඈ.  2016.  Did 
British breeding birds move north in the late 
20th century? Climate Change Responses 
3:1−5. 



Bird Conservation Research, Inc. Contribution 28      2022 

15 

 

 

Tඁඈආൺඌ, C.D. and J.J. Lൾඇඇඈඇ.  1999.  Birds ex-
tend their ranges northward. Nature 399:213. 

Tඁඈආඉඌඈඇ, C.F. and V. Nඈඅൺඇ, Jr.  1973.  Popula-
tion biology of the Yellow-breasted Chat in 
southern Indiana. Ecological Monographs 
43:145−171. 

Tංඍඍඅൾඋ, R., L. Fൺඁං and M. Vංඅඅൺඋൽ.  2006.  Evi-
dence of large-scale source-sink dynamics and 
long distance dispersal among Wood Thrush 
populations. Ecology 87:3029−3036. 

Vංඅඅൺඋൽ, M. and B.A. Mൺඎඋൾඋ.  1996.  Geostatis-
tics as a tool for examining hypothesized de-
clines in migratory songbirds. Ecology 
77:59−68. 

Wൺඅඍൾඋඌ, E.L., E.H. Mංඅඅൾඋ and P. E. Lඈඐඍඁൾඋ.  
2002.  Yellow-bellied Sapsucker (Sphyrapicus 
varius), version 2.0. In The Birds of North 
America (A.F. Poole and F.B. Gill, Editors). 
Cornell Lab of Ornithology, Ithaca, NY, 
USA. https://doi.org/10.2173/bna.662. 

Wൾංඇൻൾඋ, H.J. and R.R. Rඈඍඁ.  1998.  Forest area 
and habitat quality for nesting Wood Thrushes. 
The Auk 115:879−889. 

Wඁൺඋඍඈඇ, E.H., R.H. Wංൽආൺඇඇ, C.L. Aඅൾඋංർඁ, 
C.J. Bൺඋඇൾඍඍ, A.J. Lංඌඍൾඋ and T.W. Lංඌඍൾ.  
2004.  The forests of Connecticut. USDA For-
est Service Northeastern Research Station Re-
source Bulletin NE−160. 

Wඁංඍൺൾඋ, D.  2017.  Expanded range limits of 
boreal birds in the Torngat Mountains of 
northern Labrador. Canadian Field Naturalist 
131:55−62. 

Yൾඁ, P.J.  2004.  Rapid evolution of a sexually se-
lected trait following population establishment 
in a novel habitat. Evolution 58:166−174. 



Craig, Duguid and Ashton ā FOREST BIRD POPULATION INCREASE AND TURNOVER 

16 

 

 

Appendix 1. 



Bird Conservation Research, Inc. Contribution 28      2022 

17 

 

 

 


