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Housing development in rural areas is the fastest-growing type of land use in the U.S. For birds, devel-
opment near natural habitats is a problem because it can reduce abundances and nesting success and
increase brood parasitism by brown-headed cowbirds (Molothrus ater). In southern New England, popu-
lations of shrubland birds are declining rapidly while exurban development is widespread and increasing.
We studied effects of landscape-scale low-density housing development on abundance and nesting
success of birds in western Massachusetts shrublands. Study sites included beaver wetlands, utility

Keywords: rights-of-way managed as shrublands, regenerating clearcuts, and mechanically treated old fields. Of 14
Exurban development . . . . s . .

Housing focal bird species, four increased with development within 1km of study sites whereas white-throated
Shrubland birds sparrow (Zonotrichia albicollis) decreased. Abundances of avian nest predators increased slightly with
Massachusetts development, and abundances of brown-headed cowbirds decreased with development. Prairie warblers

(Dendroica discolor) had lower nest success in more developed areas, but for seven bird other species and
the community as a whole, nest success did not change with development in the surrounding landscape.
Brood parasitism by brown-headed cowbirds was higher on sites with more development. Overall, only
white-throated sparrow and prairie warbler showed negative impacts of development, but both of these
species are declining rapidly in New England. Housing development in the surrounding landscape should
be a consideration in management of these species. For other shrubland birds, however, low-density

Nest predation
Urbanization

housing development at the landscape scale appears to have more neutral or even positive effects.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Urbanization poses a growing threat to biodiversity (Chace &
Walsh, 2006; Marzluff, 2001; McKinney, 2002). Numerous stud-
ies have documented harmful effects of urban development on
plants and animals, and the pace of urban development is increas-
ing in many areas (Brown, Johnson, Loveland, & Theobald, 2005).
In the U.S,, for instance, the developed area is expected to grow
by 80% between 1997 and 2025 (Alig, Kline, & Lichtenstein,
2004). Ecologists have given much attention to high-density urban
development, which results in transformation of natural habi-
tats to human uses and losses of many native species (Blair,
1996; McKinney, 2006; McKinney & Lockwood, 1999; Shochat,
Stefanov, Whitehouse, & Faeth, 2004). In many respects, however,
low-density rural or exurban development, with housing den-
sities on the order of ~10units/km?Z, has the potential to have
greater impacts on biodiversity (Fraterrigo & Wiens, 2005; Hansen
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et al., 2005; Maestas, Knight, & Gilgert, 2003). Highly developed
urban areas tend to be distant from high-quality natural habitats.
In contrast, rural housing development can impinge directly on
protected areas, and the extent of low-density housing develop-
ment is large and growing. Since 1950, exurban development has
increased more rapidly than other category of land use in the U.S.
(Brown et al., 2005). Today, roughly 9% of the country is considered
“wildland-urban interface” where low-density housing intermin-
gles with natural habitats (Radeloff et al., 2005).

Studies of exurban development show that low-density housing
can harm bird populations. For instance, Odell and Knight (2001)
found that densities of some birds are depressed within ~100m
of individual houses. In contrast, exotic and human-adapted ani-
mals, including many potential predators of birds’ nests, often
increase near rural housing (Hansen & Rotella, 2002; Maestas
et al., 2003; Odell & Knight, 2001). Effects of exurban develop-
ment on nest predation have been equivocal in past studies. For
instance, Hansen and Rotella (2002) found no effect of develop-
ment on nest success in American robins (Turdus migratorius) but
negative effects in yellow warblers (Dendroica petechia). Brood
parasitism by brown-headed cowbirds (Molothrus ater), however,
often increases with housing density (Burhans & Thompson, 2006;
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Rodewald & Shustack, 2008; Tewksbury, Hejl, & Martin, 1998). For
some birds, cowbird parasitism can seriously reduce reproductive
success (Hoover, 2003). Cowbirds may be attracted to exurban
developments by foraging opportunities on lawns and cleared
spaces (Brittingham & Temple, 1983; Fraterrigo & Wiens, 2005).

Most studies of urbanization effects on birds have taken place in
forests (Marzluff, Bowman, & Donnelly, 2001). In the northeastern
U.S,, forests are the predominant habitat, and populations of forest
birds are generally stable (Sauer, Hines, & Fallon, 2008). By contrast,
shrubland birds have been declining for decades in this region, pri-
marily because of habitat loss (Hunter, Buehler, Canterbury, Confer,
& Hamel, 2001; Sauer et al., 2008; Schlossberg & King, 2007). Ecol-
ogists once believed that shrubland birds were edge specialists and
should be insensitive to habitat fragmentation and other distur-
bances (Imbeau, Drapeau, & Moénkkoénen, 2003). Recent findings,
however, show that shrubland birds avoid edges and are area-
sensitive (Chandler, King, & Chandler, 2009; Schlossberg & King,
2008). In the only previous study of urbanization effects in eastern
shrublands, Burhans and Thompson (2006) found that urbaniza-
tion had mixed effects on abundances of shrubland birds but led to
increased brood parasitism by brown-headed cowbirds. Odell and
Knight (2001) also reported negative effects of exurban develop-
ment on several birds in a western shrubland community.

Compared to other parts of the U.S.,, rural areas in southern
New England are heavily impacted by low-density housing devel-
opment. Over 50% of the area in Massachusetts and Connecticut has
been classified as wildland-urban interface, and much of the new
housing being constructed in this region is atlow densities (Radeloff
et al.,, 2005; DeNormandie et al., 2009). As human populations
and the rate of development increase, understanding how exur-
ban development affects shrubland birds will be critical to their
future conservation. The objective of our research was to examine
effects of low-density housing on abundance and nesting success
of shrubland birds in western Massachusetts.

2. Methods
2.1. Study sites

We analyzed effects of low-density development by com-
bining data from three studies of shrubland birds in western
Massachusetts (Fig. 1). These studies took place in regenerating
clearcuts, managed old fields (wildlife openings), beaver ponds, and
utility rights-of-way, representing the most common shrubland
habitats in this region. We surveyed beaver-impounded wetlands
in a 2800-km? study area in 2005 and 2006; we sampled all beaver
ponds (n=35)> 1ha in size that were <75% open water. We stud-
ied power line rights-of-way in Hampshire and Franklin Counties in
2002 and 2003. We randomly selected 15 1-km right-of-way seg-
ments from all sites in the region that contained shrubby habitat.
Finally, we sampled birds in regenerating clearcuts (n=5) and man-
aged wildlife openings (n=6) in Berkshire, Franklin, and Hampshire
Counties from 2003 to 2005. Because suitable clearcuts and wildlife
openings were scarce, we could not randomly select sites for this
study. In all three studies, shrubland habitats were surrounded by
mature forest.

2.2. Field methods

We surveyed breeding birds using 10-min point counts repeated
3 times during the breeding season, mid-May through early July. In
the beaver pond and wildlife opening/clearcut studies, we sampled
birds using 50-m-radius point counts. A few beaver ponds were
irregularly shaped and could not accommodate a 50-m count circle.
In such cases, we established a 0.785-ha plot, equivalent in area to

a 50-m radius circle, with the aid of aerial photos. For the rights-
of-way, we counted birds on 100-m long segments of the corridor,
so plot area varied with corridor width. We accounted for plot size
in our statistical models. During each point count, we counted all
birds detected by sight or sound. We also recorded sightings of red
(Tamiasciurus hudsonicus) and gray squirrels (Sciurus carolinensis)
and eastern chipmunks (Tamias striatus), which are potential nest
predators. All counts took place within the first 4 h after sunrise.

We defined a study site as a continuous area of shrubland habi-
tat, or, in the case of managed wildlife openings, an individual
management unit. The distribution of survey points within sites
varied by study. For the beaver pond study, we placed points ran-
domly with a minimum spacing of 200 m. For the rights-of-way,
we choose a random starting point and then established 5 points
spaced 250 m apart along the corridor’s central axis. For the wildlife
opening study, we placed study plots non-randomly, with the goal
of maximizing coverage of each site. All points in the beaver pond
and wildlife opening studies were at least 50 m from forest edges
to avoid edge effects (Schlossberg & King, 2008).

On each point-count plot, we sampled vegetation at 20 random
locations. At each of the 20 locations, we recorded the vegetation
height and the plant species making up the canopy. If there was
no vegetation, we recorded a height of 0 and the ground substrate.
Pastresearch has shown that this technique effectively summarizes
vegetation structure in shrublands (King, Chandler, Schlossberg, &
Chandler, 2009b).

On the rights-of-way and wildlife openings/clearcuts, we
searched for birds’ nests from early May to early August during
the same years that we conducted point counts. We used standard
searching techniques and monitored nests on ~3-4 day intervals
until they were no longer active (Martin & Geupel, 1993). For nests
that potentially fledged young, we searched nearby for adults with
food or nestlings to confirm their success. Once each nest was no
longer active, we measured its height above ground and the dis-
tance to the nearest forest edge. Because of funding constraints, we
did not search for nests on the beaver ponds.

2.3. Landscape composition

Because few of our study sites were immediately adjacent to
developed areas, we determined effects of development at the
landscape scale. We used geographic information systems (GIS)
to place a circular 1-km buffer around each point-count location
and then merged the buffers by study site. We chose 1 km as our
radius for landscape effects because landscape composition and
configuration at this scale can affect abundances and nest success
of shrubland birds (Askins, Zuckerberg, & Novak, 2007; Chandler,
2006; MacFaden & Capen, 2002).

To determine the extent of development in each landscape,
we used data from the U.S. Census Bureau and the state of Mas-
sachusetts. Once each decade, the Census Bureau enumerates
population and the number of households in the United States. At
the smallest scale, these data are available for census blocks, irregu-
larly shaped tracts that vary inversely in size with local population
(U.S. Census Bureau, 2008). In our study area, census blocks from
the 2000 census averaged 178 ha. For the 1-km landscape around
each site, we calculated the overlap area of census blocks intersect-
ing the landscape. To estimate population and housing density in
our study landscapes, we assumed that the distribution of houses
in each census block was uniform. Because housing densities were
low in our study area, we believe that this assumption is justifiable
(see Pidgeon et al., 2007). For each landscape, we then calculated
the expected population size and number of houses and divided by
landscape area to estimate densities.

To describe natural habitats on our study landscapes and to
provide a second data source on development, we used the Land
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Fig. 1. Study sites in western Massachusetts.

Use 2005 GIS coverage from the state of Massachusetts (MassGIS,
2009). This data layer, based on 2005 aerial photography, divides
the land area into 33 categories indicating type of development
or natural habitat. To simplify analysis and eliminate sparse cate-
gories, we reclassified the MassGIS coverage into four categories:
forest, agriculture, open land, and developed. “Open land” included
shrublands, grasslands, marshes, and other non-forested natural
habitats. “Developed” included all types of human-built categories.
In our study landscapes, low- and medium-density housing (with
typical lot sizes of 0.1-0.4ha; density categories are based on
spacing between houses) made up 84% of the developed cate-
gory. Remaining developed areas included outdoor recreation sites,
industrial/commercial sites, and transportation infrastructure. We
used GIS to calculate the percent cover of the four reclassified cat-
egories in each 1-km landscape.

2.4. Data analysis

We examined effects of rural development on shrubland vege-
tation, avian abundances, and avian nesting success. We measured
effects on vegetation because development can lead to introduc-
tions of exotic plants and other disturbances (Maestas et al., 2003),
and these factors can affect bird populations.

2.4.1. Landscape composition

Categorical data on landscape composition are inevitably corre-
lated, so we used principal components analysis (PCA) to simplify
the data and extract underlying patterns of development and nat-
ural habitats. PCA also allowed us to simultaneously incorporate
estimates of development from MassGIS and the Census Bureau.
We ordinated percent cover (arcsine-square root transformed) of
the four land cover categories from MassGIS along with housing
and population density from U.S. Census Bureau.

We retained two principal component axes, which explained
82% of the variance in the original data (Table 1). The first axis,
“DEV-PC,” had strong positive correlations with variables indicat-
ing development and housing density. We interpret DEV-PC as a
measure of development in the landscape; this was our indepen-
dent variable for examining effects of rural housing development.
The second axis, “OPEN-PC,” had positive correlations with open
land and indicated landscape openness. Both PCA axes were neg-
atively correlated with forest cover and positively correlated with
agriculture. These loadings were due to the fact that forest is the
matrix habitat in our study landscapes, and agriculture is the dom-

inant non-forest land-use category. We used one-way ANOVA to
test whether the original landscape measures and the PCA scores
differed between the three habitats we sampled.

2.4.2. Vegetation

We divided vegetation observations into categories based on
canopy height and growth form: woody plants >3 m tall were
“trees,” woody plants 1.5-3 m tall were “high shrubs,” and woody
plants <1.5 m tall were “low shrubs.” We considered rock, bare soil,
litter, and moss to be “bare ground.” We also had categories for
forbs (including ferns) and grasses. For each vegetation category,
we computed percent cover on each plot. For canopy height, we
calculated the mean, CV, and maximum on each plot.

We used PCA to reduce the dimensionality of vegetation-
structure data. We ordinated the mean, CV, and maximum of
vegetation height and cover of trees, low shrubs (<1.5m tall),
high shrubs (>1.5m), forbs, and grasses. We retained 3 factors
with eigenvalues >1 which accounted for 76% of variance in the
original data. The first axis, “height,” had strong, positive correla-
tions with all 3 height variables and tree cover. The second axis,
“grass-lowshrub,” was positively correlated with grass cover and
negatively correlated with low shrubs. Similarly, the third axis,
“highshrub-forb” had a positive correlation for high shrub cover
and a negative one for forbs.

We computed percent cover for each woody plant species on
each study plot. Because individual species were generally rare,
we grouped species by genus. We also grouped six exotic, inva-
sive shrubs and vines: multiflora rose (Rosa multiflora), Japanese
barberry (Berberis thunbergii), Japanese honeysuckle (Lonicera
japonica), oriental bittersweet (Celastrus orbiculatus), common

Table 1

Factor loadings and variation explained for principal components analysis of housing
and population density and landscape composition in 1-km-radius buffers around
61 shrubland sites in western Massachusetts. Important loadings (>0.5) are in bold.

Variable DEV-PC OPEN-PC
Population density 0.91 0.20
Housing density 0.91 0.18
% agriculture 0.63 0.48
% developed 0.88 0.00
% forest -0.69 —0.68
% open 0.01 0.94
Eigenvalue 3.33 1.64

Variation explained

56%

27%
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buckthorn (Rhamnus cathartica), and autumn olive (Elaeagnus
umbellata).

We calculated Pearson correlation coefficients between DEV-
PC and four variables describing vegetation structure: trees,
highshrub-forb, grass-lowshrub, and cover of bare ground. In addi-
tion, we calculated correlations between DEV-PC and percent cover
for the six exotic woody plants as a group and individually for the
seven most common native plants. Our sample unit for these anal-
yses was the study site. We averaged vegetation measures for all
point-count plots on each site and then used the mean for analysis.

2.4.3. Avian abundance models

We determined effects of development on avian abundances
with N-mixture models which estimate abundance for temporally
replicated point counts (Royle, 2004). These models assume that
there is an unknown number of birds present at each point, that the
distribution of abundances across points has a Poisson or negative-
binomial distribution (or zero-inflated version of either), and that
there is a binomial probability of detecting each bird at each point.
One can then use maximum likelihood to estimate the mean abun-
dance and detectability of each species. The most useful feature of
this model is that it allows one to model covariate effects on abun-
dance and detectability. Thus, we could use the models to test for
effects of development on avian abundances. For each species, we
considered three possible sets of detection covariates, four sets of
abundance covariates, and four distributions of abundance, for a
total of 48 models. Our models were hierarchical in structure; we
included covariates at the levels of point-count plot and study site.

For detectability, we considered a constant-only model, a model
with a linear effect of date, and a model with linear and quadratic
effects of date. For the abundance component of the models, we
included DEV-PC, OPEN-PC, and plot size in all model runs. We
included OPEN-PC to control for effects of landscape openness on
abundances of birds. We included plot size because right-of-way
survey plots were variable in size and smaller than the count cir-
cles in the other studies. Because abundances of shrubland birds
are strongly influenced by local vegetation or habitat type, we
considered two possible ways to control for these factors. First,
we included four vegetation variables, bare ground cover and the
three vegetation PCA axes described above, as covariates. Alter-
natively, we included habitat type (beaver pond, right-of-way, or
wildlife/silvicultural opening) as a covariate. We did not include
habitat type and vegetation variables simultaneously because they
were correlated. We also included models with and without an
effect of year on abundance. Thus, we had four sets of abundance
covariates: habitat+year, habitat, vegetation+year, and vegetation.

For the distribution of abundances, we considered four pos-
sibilities: Poisson, zero-inflated Poisson, negative binomial, and
zero-inflated negative binomial (Wenger & Freeman, 2008). We
estimated model parameters using PROC NLP in SAS (SAS Institute
Inc., 2001). We computed Akaike’s information criterion (AIC) for
each model and used model averaging to estimate mean parame-
ters and their unconditional standard errors (Burnham & Anderson,
2002). We used model averaging because there was not a clear best
model for most species. Model averaging produces parameter esti-
mates by averaging results across all models, with weights based
on AIC. We restricted analysis to bird species that regularly breed
in shrublands according to Schlossberg and King (2007) and had
mean abundance >0.10 birds per count.

To determine effects of housing development on potential nest
predators and brood parasites, we analyzed counts of brown-
headed cowbird, American crow (Corvus brachyrhynchos), blue jay
(Cyanocitta cristata), common grackle (Quiscalus quiscala), gray and
red squirrels, and eastern chipmunk. Sample sizes for these species
were too small for N-mixture models. Instead, for each point, we
took the maximum count in each year for each species. Research

suggests that the maximum of repeated counts can be a good
index of population size (Toms, Schmiegelow, Hannon, Villard, &
McDonald, 2009). Counts for most species were low, so summed
the maximum counts for the three avian predators and for the
three mammals on each count. We analyzed brown-headed cow-
bird separately. We used Poisson regression to estimate the effect
of DEV-PC on counts of small mammals, avian predators, and cow-
birds. We included habitat type (beaver pond, right-of-way, or
wildlife opening/clearcut) as a covariate to account for differences
in abundance across shrubland types. To determine the importance
of development effects, we computed the Nagelkerke partial r2 for
development by subtracting the R? for a reduced model including
only habitat type from the R? for the full model (Nagelkerke, 1991).

2.4.4. Avian population trends

Because housing development is the leading cause of habitat loss
and modification in Massachusetts, we hypothesized that recent
trends in bird populations may be related to how birds respond
to development. To determine trends in bird populations, we used
data from the North American Breeding Bird Survey (BBS; Sauer
et al., 2008). The BBS is a volunteer-based program in which birds
are counted on 39-km roadside routes each year. We calculated
the correlation between each species’ coefficient for DEV-PC from
our N-mixture models and its reported population trend for 24 BBS
routes in Massachusetts between 1980 and 2007.

2.4.5. Avian nesting success

We used the logistic-exposure model to determine how
landscape-level development affected avian nest success (Shaffer,
2004). Because nesting success can be influenced by factors at the
scale of the study site and the individual nest, we used hierarchical
models. At the site level, we included DEV-PC and habitat type; the
latter was necessary to account for consistent differences in nest
success between rights-of-way and wildlife/silvicultural openings
(King, Chandler, Collins, Petersen, & Lautzenheiser, 2009a; King
et al., 2009b). At the nest level, we included three covariates that
can affect nest success: day of year, distance to forest edge, and nest
height (Burhans, Dearborn, Thompson, & Faaborg, 2002; Burhans
& Thompson, 2006). We ran models for all species combined and
for individual species with a sample of at least 20 nests. For the
all-species analysis, exploratory analysis revealed no differences
between ground and above-ground nesters, so we did not separate
them. All nest failures in our sample were due to predation.

For cowbird parasitism, sample sizes for individual species were
too small to compute site-specific parasitism levels. Instead, we
restricted our sample to species that typically accept cowbird eggs
(Appendix A) and computed the proportion of parasitized nests
on each study site (Peer, Robinson, & Herkert, 2000; Schlossberg
& King, 2007). We used linear regression to determine the effect
of DEV-PC on the frequency of parasitism. Because the number of
nests per site varied widely (range = 3-48 nests), we weighted the
regression by the sample size for each site.

3. Results

Development occupied a mean of 3.9 & SD of 4.2% of our study
landscapes, and housing density averaged 0.8+ 1.0 houses/km?
(Table 2). These two measures of development were significantly
correlated (rg; =0.59, p<0.001). Landscape measures of develop-
ment varied by habitat type, but the explanatory power of habitat
was low (all r2 <0.20; Table 2).

Of the four vegetation-structure variables, the highshrub-forb
PCA axis and bare ground cover were correlated with landscape-
scale development (Table 3). The result for highshrub-forb axis
was likely driven by the positive relationship between DEV-PC
and cover of forbs (rg1 =0.41, p=0.001). We found no relationship
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Characteristics of shrubland study sites in western Massachusetts. Landscape measures are mean (minimum, maximum) for 1-km radius circles around each site. F, p, and
R? values are for one-way ANOVA of habitat effects on landscape measures.

Beaver ponds Utility rights-of-way Wildlife/silvic. openings Fas8 p R
Number of study sites

Point-count plots 35 15 11

Landscape measures 83 75 48
Agriculture (%) 6.1(0.0, 26.4) 3.8(0.0,13.8) 10.7 (0.0, 37.1) 1.94 0.15 0.06
Developed (%) 3.2(0.0,16.4) 6.4(0.0,17.4) 2.5(0.0, 6.6) 3.65 0.03 0.1
Forest (%) 85.1(53.8,99.3) 83.4(70.1, 94.0) 77.6 (47.9,93.7) 2.10 0.13 0.07
Open (%) 56(0.7,21.5) 6.4(1.2,22.3) 9.3(3.4,20.4) 2.85 0.07 0.09
House density (units/km2) 0.4 (0.0,2.0) 1.7(0.0,4.2) 0.8(0.0,3.9) 7.12 0.002 0.20
DEV-PC -0.24 (-1.71,1.33) 0.64 (—1.85,2.23) —0.10(-1.89,1.73) 4.60 0.01 0.14
OPEN-PC ~0.11(-1.78,2.73) ~0.31(~1.40, 1.90) 0.78 (-0.42,2.97) 483 0.01 0.14

Table 3 Abundances of small mammals did not vary with development

Correlations between vegetation variables and DEV-PC for 61 shrubland sites in
western Massachusetts. Significant results are in bold.

Variable r p

Trees -0.18 0.17
Grass-lowshrub -0.09 0.46
Highshrub-forb -0.29 0.02
Bare ground cover 0.25 0.05
Spiraea spp. —-0.06 0.62
Salix spp. -0.24 0.06
Alnus spp. -0.13 0.31
Betula spp. —-0.05 0.69
Prunus spp. 0.05 0.70
Rubus spp. 0.06 0.62
Vaccinium spp. -0.20 0.13
Nonnative woody plants 0.12 0.34

between development and cover of any plant genus or nonnative
species (Table 3).

Fourteen bird species met our criteria for analysis with N-
mixture models (Table 4 and Appendix B). Four species increased
and one decreased with development in the landscape (Fig. 2 and
Appendix C). We found a significant positive correlation between
the development effect in our models and population trends on
the BBS (r14=0.62, p=0.02; Fig. 3). This result was clearly affected
by white-throated sparrow (Zonotrichia albicollis), which had the
most negative population trend and the most negative coefficient
of development effects. After removing the sparrow, population
trend was not significantly correlated with response to develop-
ment (ry3 =0.41, p=0.15).

Abundances of avian nest predators increased with develop-
ment (coefficient=0.18+0.09, x2=4.4, p=0.04), but the partial
12 for development was only 0.02 (Fig. 4). Similarly, abundance
of brown-headed cowbirds decreased with development (coef-
ficient=—0.43+0.16, x2=3.16, p=0.01), with partial r? of 0.06.

E American goldfinch

s 3.0 14 — S0Ng SPATTOW

o — Alder flycatcher

= — - — - White-throated sparrow

o Indigo Buntin

o 20 A e

] il

© o

i

=]

o 1 0 A

)

L

2 . P

E 00 T T T T 1

B 0 1 2 3 4 5
Houses km-

Fig. 2. Predicted avian abundances as a function of landscape-scale development
in western Massachusetts shrublands. Values are based on N-mixture models of
abundance.

(coefficient=0.05+0.09, x2=0.3, p=0.59).

We analyzed nest success for eight bird species. Nest success
of prairie warblers (Dendroica discolor) declined with increasing
development (Table 5). For the other seven species and for all
birds combined, we found no effect of development on nest suc-
cess (see Appendix A for full list of species). Brood parasitism by
brown-headed cowbirds increased with development (12 =0.24,
F124=7.72,p=0.01; Fig. 5).

4. Discussion

We found variable effects of rural development on shrubland
birds in Massachusetts. Development did not affect abundance for
most species. Only one species decreased with development, and
four increased. Still, we found an association between more nega-
tive effects of development on abundance and negative population
trends in Massachusetts. Brood parasitism increased with devel-
opment in the surrounding landscape, though cowbird abundance
showed the opposite pattern. Both relationships, however, were
relatively weak. One bird species had lower nest success in more
developed landscapes, but we found no effect of housing develop-
ment on nest success for seven other species or the bird community
as a whole.

Our study was restricted to the rural end of the urbanization
gradient. On our study landscapes, housing density was below
what is considered “exurban” development, ~6-25 houses/km?
(Hansen et al., 2005; Radeloff et al.,, 2005). Thus, our conclu-
sions about development apply only to low-density housing in
predominately undeveloped areas, and extrapolating our conclu-
sions to more urbanized areas would not be justifiable. Throughout
the discussion, we compare our results with those of the only
other study of urbanization effects on eastern shrubland birds, by
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Fig. 3. Relationship between response to development, estimated from this study,
and population trend on the North American Breeding Bird Survey (BBS) from 1980
to 2007 (see Sauer et al., 2008) for shrubland birds in Massachusetts. Least-squares
regression line is shown.
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Table 4
Effects of housing development on avian abundances via N-mixture models. Species with significant effects of development are in bold.
Species DEV-PC coefficient SE z D
Alder flycatcher (Empidonax alnorum) 0.12 0.06 2.16 0.03
Gray catbird (Dumetella carolinensis) 0.22 0.43 0.51 0.61
Cedar waxwing (Bombycilla cedrorum) -0.03 0.06 -0.48 0.63
Yellow warbler (Dendroica petechia) -0.04 0.05 -0.78 0.44
Chestnut-sided warbler (Dendroica pensylvanica) —0.03 0.18 -0.18 0.85
Prairie Warbler (Dendroica discolor) 0.05 0.06 0.81 0.42
Black-and-white Warbler (Mniotilta varia) -0.20 0.23 -0.86 0.39
Common yellowthroat (Geothlypis trichas) 0.02 0.08 0.21 0.84
Eastern towhee (Pipilo erythrophthalmus) -0.07 0.20 -0.37 0.71
Field sparrow (Spizella pusilla) 0.04 0.24 0.16 0.87
Song sparrow (Melospiza melodia) 0.42 0.07 5.88 <0.001
White-throated sparrow (Zonotrichia albicollis) -0.67 0.23 -2.93 0.003
Indigo bunting (Passerina cyanea) 0.82 0.15 5.45 <0.001
American goldfinch (Spinus tristis) 0.46 0.11 4.31 <0.001
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Fig. 4. Effects of development on abundances of avian predators, small mammals, and brown-headed cowbirds. Abundances have been standardized across habitats by

subtracting the estimated abundance in each study based on Poisson regression models.

Table 5

Coefficients for effects of development and other covariates on avian nesting success in western Massachusetts shrublands (+1 SE). Significant effects (p <0.05) are in bold.
Species DEV-PC Edge distance Nest height Day
American Robin (n=28) -0.01 £ 0.33 0.03 + 0.02 1.00 + 0.63 —0.01 + 0.02
Common yellowthroat (n=47) 0.27 £ 0.24 0.02 + 0.02 -1.16 £ 1.19 0.04 + 0.02
Chestnut-sided warbler (n=120) 0.06 + 0.17 0.01 + 0.01 —0.08 + 0.58 0.00 + 0.01
Eastern Towhee (n=73) -0.01 + 0.16 —0.02 + 0.01 1.52 + 0.62 —-0.02 + 0.01
Field Sparrow (n=34) —0.23 £ 0.38 0.01 + 0.02 0.80 + 0.94 —0.02 + 0.01
Gray catbird (n=71) —-0.19 £ 0.22 0.00 + 0.01 0.51 + 0.48 0.05 + 0.02
Indigo bunting (n=23) 1.45 £ 0.76 0.02 + 0.02 5.76 + 3.41 —0.13 + 0.06
Prairie warbler (n=45) -0.62 + 0.21 0.03 + 0.02 0.74 + 0.55 —0.01 + 0.03
All birds (n=586) —0.04 + 0.06 0.003 + 0.003 0.20 + 0.09 0.002 + 0.004

Burhans and Thompson (2006). We note that the developed areas
in their study (17% development in the surrounding landscape)
were more urbanized than the sites in our study (average of 4%
developed).
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Fig. 5. Effects of landscape-level housing development on brood parasitism by
brown-headed cowbirds in western Massachusetts shrublands.

Because our study was observational, our results may have been
influenced by correlations between various landscape features. For
instance, both of our landscape PCA axes had negative correlations
with forest cover and positive correlations with agriculture. We do
not believe, however, that these correlations affected our results.
First, both forest and agriculture had roughly equal correlations
with both the DEV-PC and OPEN-PC axes, but avian responses to
those axes differed greatly. Alder flycatcher (Empidonax alnorum),
American goldfinch (Spinus tristis), and white-throated sparrow
showed significant effects of DEV-PC and OPEN-PC, but the signs of
the coefficients were opposite. The two PC axes are distinguished
by the influences of the development and open land categories.
If birds had been responding to forest cover or agriculture, one
would expect them to show similar responses to both DEV-PC and
OPEN-PC.

4.1. Avian abundances

The four species that increased with housing density in our study
fall into two categories: first, American goldfinch and song spar-
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row (Melospiza melodia) are short-distance migrants that often nest
in yards and suburbs (Beissinger & Osborne, 1982; DeGraaf, 1989;
Hooper, Smith, Crawford, McGinnes, & Walker, 1975; Middleton,
1979). Thus, our finding that these species are more abundant
in more developed landscapes is consistent with past research.
Second, alder flycatcher and indigo bunting (Passerina cyanea)
are Neotropical migrants and generally occur in undeveloped
areas (Beissinger & Osborne, 1982). In Missouri shrublands, indigo
buntings were associated with lower housing densities (Burhans &
Thompson, 2006). White-throated sparrow, the only species that
decreased in abundance with housing development is declining
rapidly in Massachusetts and is now uncommon in the state (Sauer
et al., 2008).

What mechanisms would cause avian abundances to vary with
housing density? Forb cover on our study sites increased with
landscape-scale development. Herbaceous vegetation increases
with disturbance frequency in eastern shrublands (Chandler et al.,
2009; Zuckerberg & Vickery, 2006), so this result could indi-
cate greater disturbance in more developed areas. Past research
has shown that American goldfinch and indigo bunting increase
with cover of herbaceous vegetation (Confer & Pascoe, 2003;
Schlossberg, King, Chandler, & Mazzei, 2010; Thompson & Capen,
1988). As discussed below, nest predation and brood parasitism
were only modestly affected by development, so these factors
are unlikely to produce the patterns of avian abundances that
we found. Research has shown that rural housing is not ran-
domly distributed on the landscape, tending to favor lowlands and
areas adjacent to water (Hansen & Rotella, 2002). If birds pre-
fer the same features that attract housing development, then bird
populations may covary with development. In our sample, alder
flycatcher, a bird associated with wetlands, increased with devel-
opment whereas white-throated sparrow, upland ground nesters,
decreased (DeGraaf & Yamasaki, 2001). These results are consistent
with the idea that the non-random distribution of housing influ-
ences avian responses to development. Unfortunately, the spatial
resolution of our data on housing development was not sufficient
to address this question directly. This would be a valuable area for
future research.

In Massachusetts, the pace of suburban development has been
increasing in recent years, and today, housing development is
a leading cause of habitat loss and alteration (DeNormandie
et al,, 2009). Thus, we predicted that population changes in Mas-
sachusetts shrubland birds would be related to their responses
to development. Nearly all shrubland birds are declining in Mas-
sachusetts (Schlossberg & King, 2007), so positive responses to
development were related to less negative population trends
rather than increases (Fig. 3). While this result was driven by the
negative trend for white-throated sparrow, our findings still sug-
gest that shrubland bird communities in Massachusetts may be
shifting towards more development-tolerant species, as species
that avoid developed areas decline more rapidly than adaptable
species like American goldfinch. One caveat relating to this result
is that the primary cause of population declines in New Eng-
land’s shrubland birds is habitat loss (Schlossberg & King, 2007).
Thus, we are not claiming that rural development is the cause
of population declines. Rather, our findings simply indicate that
avoidance of rural development is correlated with population
declines.

4.2. Avian nest success

In our sample, prairie warbler was the only species whose nest-
ing success was affected by development. Why prairie warblers
showed this unique response is not known, but prairie warblers
are declining significantly in southern New England (Sauer et al.,
2008). For other birds in our sample, nesting success was unaffected

by landscape-scale development. Few other studies have examined
effects of low-density housing on avian nest success, and results
have been equivocal (Hansen & Rotella, 2002; Phillips, Nol, Burke, &
Dunford, 2005). In Missouri, Burhans and Thompson (2006) found
no effect of urbanization on nest predation. Though abundances
of avian nest predators increased significantly with development
in our study, development explained little variation in predator
abundance.

Brood parasitism by brown-headed cowbirds increased with
development on the landscape, but the explanatory power of devel-
opment was relatively low (r2 =0.24). Moreover, this relationship
appeared driven by a small number of heavily parasitized sites
(Fig.5). The tendency for cowbird parasitism to increase with hous-
ing development is one of the most consistent results in studies
of rural housing and birds (Tewksbury et al., 1998; Phillips et al.,
2005; Burhans & Thompson, 2006). On our sites, abundances of
cowbirds actually showed the opposite effect, a slight decrease
with development. Cowbirds are relatively uncommon in western
Massachusetts, and research in the Northeast has shown that they
are more likely to parasitize nests in forests than in open habitats
(Hahn & Hatfield, 1995). Although parasitism rates increase with
low-density development in Massachusetts shrublands, parasitism
does not appear to pose the conservation threat that cowbirds do
where they are more abundant.

4.3. Conclusion

For most birds in our study, effects of low-density develop-
ment were neutral. We found negative effects of development
on abundance of white-throated sparrows and nest success in
prairie warblers. Both of these species are declining rapidly in
Massachusetts, and maintaining their populations may require
keeping development away from their shrubland habitats or creat-
ing new habitat in undeveloped areas. For other species, however,
effects of rural housing were neutral or even positive in a few
cases. For these species, low-density housing in the surround-
ing landscape, as exists in much of western Massachusetts and
rural areas of the Northeast, does not appear to be a conservation
threat. Development of new housing, however, could be prob-
lematic if it causes loss of early successional habitat. In addition,
species such as song sparrow and American goldfinch may actually
benefit from development. Our analysis focused only on landscape-
scale development. Past research on exurban development has
shown more negative effects of development immediately adja-
cent to natural habitats (Kluza, Griffin, & Degraaf, 2000; Odell
& Knight, 2001; Phillips et al., 2005). Thus, our results do not
preclude stronger local-scale effects near individual houses or
developments.
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Appendix A.
Sample sizes for nests monitored in western Massachusetts

shrublands. * indicates species used in the analysis of cowbird par-
asitism (see Table A1).
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Sample sizes for nests monitored in western Massachusetts shrublands. * indicates species used in the analysis of cowbird parasitism. The “forest openings” column includes

wildlife and silvicultural openings.

Species Number of nests
Forest openings Rights-of-way Total Observation days

*Chestnut-sided warbler (Dendroica pensylvanica) 67 53 120 1479.5
*Eastern towhee (Pipilo erythrophthalmus) 19 55 74 679.5
Gray catbird (Dumetella carolinensis) 28 43 71 859
*Common Yellowthroat (Geothlypis trichas) 16 31 47 578
*Prairie warbler (Dendroica discolor) 6 39 45 508.5
*Field sparrow (Spizella pusilla) 9 25 34 282.5
American robin (Turdus migratorius) 12 16 28 262
*Indigo bunting (Passerina cyanea) 14 9 23 287
*Veery (Catharus fuscescens) 9 9 18 197.5
*Hermit thrush (Catharus guttatus) 1 16 17 210.5
Cedar waxwing (Bombycilla cedrorum) 13 3 16 248.5
*Song sparrow (Melospiza melodia) 10 3 13 114.5
Black-billed cuckoo (Coccyzus erythropthalmus) 11 0 11 91
*Alder flycatcher (Empidonax alnorum) 7 1 8 96.5
*Rose-breasted grosbeak (Pheucticus ludovicianus) 2 5 7 94
*Red-eyed vireo (Vireo olivaceus) 4 2 6 50.5
Blue jay (Cyanocitta cristata) 4 1 5 88.5
*Black-throated blue warbler (Dendroica caerulescens) 2 3 5 445
Mourning dove (Zenaida macroura) 5 0 5 78
*Yellow warbler (Dendroica petechia) 5 0 5 65
*American goldfinch (Spinus tristis) 3 1 4 47.5
*Northern cardinal (Cardinalis cardinalis) 1 2 3 5.5
*Ovenbird (Seiurus aurocapilla) 0 3 3 38
*Wood thrush (Hylocichla mustelina) 1 2 3 38
Brown thrasher (Toxostoma rufum) 0 2 2 38
*Blue-winged warbler (Vermivora cyanoptera) 0 2 2 28.5
*Chipping sparrow (Spizella passerina) 2 0 2 34
*Eastern phoebe (Sayornis phoebe) 2 0 2 35
*Magnolia warbler (Dendroica magnolia) 2 0 2 39.5
*White-throated sparrow (Zonotrichia albicollis) 2 0 2 9.5
*Red-winged blackbird (Agelaius phoeniceus) 1 0 1 14

Table B1

Mean abundance (birds per count + SD) of shrubland birds on point counts in western Massachusetts by habitat type.

Species Beaver ponds Utility rights-of-way Wildlife/silvic. openings
Alder flycatcher 0.61 + 0.56 0.03 £ 0.15 0.20 + 0.32
Gray catbird 0.27 +£ 042 0.24 + 0.32 0.52 + 0.48
Cedar waxwing 0.25 + 0.29 0.07 +£ 0.18 0.28 + 0.36
Yellow warbler 0.42 + 0.65 0.01 + 0.05 0.06 + 0.25
Chestnut-sided warbler 0.24 + 044 0.64 + 0.51 1.19 + 0.87
Prairie warbler 0.00 + 0.00 0.38 + 0.46 0.13 +£ 0.28
Black-and-white warbler 0.06 + 0.18 0.08 + 0.18 0.21 + 0.32
Common yellowthroat 133 £0.70 0.56 + 0.46 1.07 £ 0.52
Eastern towhee 0.00 + 0.03 0.38 + 0.38 0.52 + 0.59
Field sparrow 0.00 + 0.00 0.18 + 0.32 0.14 + 0.30
Song sparrow 0.62 + 0.61 0.06 + 0.21 0.49 + 0.68
White-throated sparrow 0.03 £ 0.12 0.01 + 0.05 0.34 + 0.68
Indigo bunting 0.01 + 0.06 0.13 + 0.26 0.28 + 0.42
American goldfinch 0.21 £ 0.27 0.07 + 0.17 0.18 + 0.27
Appendix B. Appendix C.

Mean abundance (birds per count#+SE) of shrubland birds
on point counts in western Massachusetts by habitat type (see

Table B1).

Table C1

Model-averaged results (mean =4 SE) for N-mixture models of
abundance in western Massachusetts shrublands. All columns
show actual parameters except “mean” under detectability, which
shows actual estimated detectability (see Table C1).

Model-averaged parameters (mean + SE) for N-mixture models of avian abundance in western Massachusetts shrublands. All columns show actual parameters except
“Detectability,” which shows actual estimated detectability. “Beaver pond,” “Rights-of-way,” and “Forest openings” indicate effects of habitat type. “Trees,” “Highshrub/forb,”
and “Grass/lowshrub” indicate vegetation effects.

Species OPEN-PC Beaver pond Rights-of-way  Forest openings  Trees Highshrub/forb  Grass/lowshrub  Detectability
Alder flycatcher —0.18 + 0.09 2.13 +0.29 0.39 + 0.82 0.64 + 0.65 0.02 + 0.10 0.41 + 0.07 0.01 + 0.08 0.25 + 0.02
Gray catbird 0.18 £0.10 -0.50 +1.29 —0.66 & 0.55 —-0.16 + 0.86 0.24 + 1.21 0.15 £+ 3.79 -0.34 + 1.62 0.12 £ 0.02
Cedar waxwing 0.20 + 0.07 049 +£021 -0.84+ 048 0.12 + 0.40 -0.17 £ 0.12 0.18 + 0.09 —0.08 + 0.09 0.18 + 0.03
Yellow warbler —0.10 + 0.03 n/a n/a n/a 0.26 + 0.12 0.80 + 0.28 0.48 + 0.39 0.15 + 0.03
Chestnut-sided warbler 0.13+0.15 -1.07 +0.29 0.29 + 0.22 0.33 + 0.24 0.17 + 0.25 0.11 + 0.46 —0.65 + 0.13 0.33 &+ 0.02
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Table C1 (Continued)

Species OPEN-PC Beaver pond Rights-of-way  Forest openings Trees Highshrub/forb  Grass/lowshrub  Detectability
Prairie Warbler -0.07 £ 0.12 -821+298 -0.35+ 045 —-1.85 + 1.07 -0.13 £ 13,55 -0.26 + 8.57 —0.46 + 5.39 0.45 + 0.04
Black-and-white warbler —-0.26 +£ 0.24  -0.16 + 0.57 0.29 + 0.46 1.52 + 0.69 0.39 £ 0.39 0.22 £ 0.20 -0.61 £ 0.32 0.45 + 0.03
Common yellowthroat —0.01 + 0.09 0.29 + 0.74 0.09 + 1.58 0.03 + 1.02 0.03 + 0.14 0.14 + 0.07 0.00 + 0.07 0.38 + 0.06
Eastern towhee 020+0.15 -548 £+0.67 -0.18 +£0.49 —-0.41 + 1.00 0.30 + 0.64 -0.07 £ 0.38 -0.61 + 0.27 0.32 + 0.03
Field Sparrow 0.11+£023 -843 +£0.56 0.03 + 0.38 -1.41 £ 0.77 -0.89 + 0.61 -1.07 £ 0.44 -0.16 + 0.23 0.27 £+ 0.03
Song sparrow —0.15 + 0.09 1.74 £ 033 -0.02 + 0.64 1.46 + 0.54 0.01 + 0.23 -0.20 + 0.17 -0.03 + 0.16 0.39 + 0.04
White-throated sparrow 0.66 + 0.22 0.44 £+ 0.75 -0.07 £ 1.38 1.65 + 1.22 -0.91 + 0.50 -0.02 + 0.23 -0.51 £ 0.16 0.52 £+ 0.04
Indigo bunting -0.16 £ 0.24  -247 £ 0.65 0.32 £ 0.34 0.57 £+ 0.40 0.09 + 0.38 -0.30 + 0.31 -0.10 £ 0.23 0.37 £+ 0.02
American goldfinch -0.14 £ 0.09 0.51 £ 046 —-0.01 £ 0.46 0.56 + 0.51 -0.06 + 0.17 0.11 + 0.39 0.02 + 0.45 0.19 + 0.08
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