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EFFECTS OF SMALL FOREST OPENINGS ON THE BREEDING
BIRD COMMUNITY IN A VERMONT HARDWOOD FOREST!

STEPHEN S. GERMAINE? AND STEPHEN H. VESSEY?
Department of Biological Sciences, Bowling Green State University, Bowling Green, OH 43403

Davip E. CAPEN
School of Natural Resources, University of Vermont, Burlington, VT 05405

Abstract.  We examined the response of a forest bird community to the presence of small
openings created by patch clear-cutting 0.4-ha plots within an extensive northern hardwood
forest. We conducted bird censuses (June) and habitat measurements (July—August) in 102
census plots at four distances from openings in 1991 and 1992. Of 19 habitat variables
measured, none differed significantly among forest plots at any distance from clear-cuts.
Thirty-five (70%) of 50 bird species encountered during censusing were Neotropical mi-
grants. Bird species richness did not differ as a function of distance from openings. However,
species composition in plots within openings was least similar to that in plots farthest into
forest, and most similar between the two distance categories farthest from openings. The
movement of several forest-interior species away from openings, the addition of early-
successional colonists in openings, and a high abundance of interior-edge species near open-
ings contributed to the difference in species composition between openings and forest plots.
As a group, Neotropical forest-interior migrants were significantly less abundant in openings
than at any distance from them, and less abundant 50 m from openings than 200 m from
them. Neotropical interior-edge migrants were significantly more abundant 50 m from open-
ings than at any other distance. Nearctic migrants and nonmigrants did not respond to the
presence of small openings. Of three locally common avian nest predators, none became
more abundant in the openings. Brown-headed Cowbirds (Molothrus ater), also common
locally, were never observed in or near the openings. Overall, bird species diversity in-
creased in forested areas containing small openings due to the addition of edge and open-
area nesters, but several forest-interior species were adversely affected by the presence of

openings.
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INTRODUCTION

Managing habitats for high bird species diversity
and abundance has become a task of utmost im-
portance in light of recently documented de-
clines in many Neotropical migrant bird species
(Whitcomb et al. 1981, Ambuel and Temple
1982, Robbins et al. 1989a). Serious threats to
populations of New World migrant birds exist
on their North American breeding grounds in the
form of habitat destruction, fragmentation, and
loss of habitat diversity. Forest fragmentation in-
creases the ratio of edge habitat to forest interior.
Although edge habitat has been historically
viewed as beneficial to a wide array of forest-
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dwelling wildlife (Leopold 1933), edge zones
may contribute to reduced populations of bird
species that require large areas of forest interior
habitat (Gates and Gysel 1978, Ambuel and
Temple 1983, Robinson 1992).

Many studies of edge effects have been con-
ducted in highly fragmented regions and have
identified fragment area as the most important
factor explaining variation in the number of bird
species present (Foreman et al. 1976, Blake and
Karr 1984, 1987, Askins et al. 1990). Further-
more, small forest fragments contain species of
Neotropical migrants in part because of immi-
gration from nearby source populations (Askins
and Philbrick 1987, Robinson 1992) and may be
population sinks for many species (Robinson
1992, Donovan et al. 1995).

Neotropical forest-interior migrants in large
forest tracts are not invulnerable to the effects
of fragmentation (Coleman et al. 1982, Robbins
et al. 1989b) or other disturbances, i. e., varia-
tion in post-timber harvest stand type or stand-
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level habitat characteristics (Hansen et al. 1995).
In addition, some birds respond primarily to
changes at the landscape scale, whereas others
are influenced most by within-plot vegetation
(Pearson 1993). Within regions of continuous
forest, several studies have documented increas-
es in bird species richness and density near edge
zones created by adjacent land use types such as
fields, power lines, clear cuts, or rivers (Mc-
Elveen 1979, Strelke and Dickson 1980, Hans-
son 1983), whereas others have not noted such
changes (Kroodsma 1982, Small and Hunter
1989).

Few studies have examined the effects of in-
terior openings (those isolated in the interior of
extensive forest regions), which represent early
stages of fragmentation, on the breeding bird
community of the surrounding forest. Thompson
et al. (1992) compared populations of forest-in-
terior migrants in an extensive mature hardwood
forest between areas disturbed by recent clear-
cutting and undisturbed forest. They found that
while some species responded negatively to the
presence of clear-cuts, others either showed no
change, or reacted positively. Lent and Capen
(1995) found that territory size influenced avian
use of disturbed hardwood forest vegetation at
different spatial scales, and reported the pres-
ence of several edge/open nesting species in for-
est openings as small as 0.7 ha. Keller and An-
derson (1992) examined the effects of small
clear-cuts on avian species composition and
abundance in a coniferous forest. They deter-
mined that several bird species responded to the
presence of preferred habitat types regardless of
their proximity to forest interior edges. Most re-
cently, Dellasala et al. (1966) inventoried breed-
ing and wintering bird communities in the tem-
perate rainforest of southeast Alaska. Small gaps
(0.05 ha) created by felling trees in young forest
(20 years old) influenced the distribution of 3 of
the 16 species that bred there.

We examined the effect of small (0.4 ha)
openings on the forest-interior bird community
of an unfragmented northern hardwood forest.
We tested for distance effects from openings by
comparing similarity of species composition,
species richness, and relative abundance of in-
dividual species and ecologically-related groups
of species. These variables were compared with-
in openings and at increasing distances from
openings.
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METHODS
STUDY AREA

Our study was conducted in 1990 and 1991 on
the Rochester Ranger District of the Green
Mountain National Forest (GMNF) in Vermont.
The Green Mountain range is a series of steep
ridges oriented north to south, which vary from
32 to 64 km wide and extend several hundred
km from western Massachusetts north to south-
ern Quebec. Within Vermont, the Green Moun-
tains are one of six physiographic regions and
comprise 7,252 km?, 29% of the state’s total area
(Laughlin and Kibbe 1985). Regional elevations
range from 300 to 1,330 m.

The Green Mountains are primarily northern
hardwood forest, comprised of sugar maple
(Acer saccharum), beech (Fagus grandifolia),
yellow birch (Betula alleghaniensis), and eastern
hemlock (Tsuga canadensis), with pockets of
red spruce (Picea rubra) and balsam fir (Abies
balsamea). Forest openings in this area include
those created by timber harvesting, ski resorts,
roads, and vacation home development (Laugh-
lin and Kibbe 1985, DeGraaf and Rudis 1986).
Our study sites spanned an area of 187.5 km?,
extending from 43°50" to 44°07' latitude and
72°51' to 72°56’ longitude.

STUDY-SITE SELECTION

We selected five structurally and floristically
similar study sites by researching GMNF timber
harvest records and by field reconnaissance.
Data were collected from 56 census plots during
the summer of 1991, and from 46 plots in 1992,
totaling 102 census plots located within the five
sites. Twenty-eight plots were censused in both
years. Our small forest openings were created by
group selection timber harvesting (GSH). GSH
creates a cluster of small clear-cuts (mean = 0.4
ha) within which > 95% of the trees have been
removed. Standing forest was left between each
opening (Fig. 1). On our sites, the forest sepa-
rating the cuts ranged from 10 to > 100 m in
width. The number of patches in a group selec-
tion cut ranged from < 10 to > 50, and the ratio
of cleared area to forest within a timber sale
boundary ranged from 20 to 36%. Study sites
and census plots met the following criteria: (a)
all sites were between 350 and 700 m elevation,
(b) all sites were located in northern hardwood
forest, (¢) mature forest was adjacent to and sur-
rounding all GSH sites, (d) GSH patches were
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FIGURE 1. Patch cut openings (GSH sites), boundary, and census plot layout for a typical timber sale unit in

the Green Mountain National Forest, Vermont. Letters denote bird census sites.

harvested between 1981 and 1990, (e) patches
were approximately 0.4 ha in size, and (f) patch-
opening density within GSH sites ranged from
one patch per 0.9 ha to one patch per 1.3 ha.
All census plots were placed at one of four
distances from openings. Twenty-five census
plots were located at each of the following (Fig.
1): in the center of patch openings (A plots), 50
m into mature forest from the opening edge (B
plots), 100 m into forest (C plots), and 200 m
into forest (D plots). The five study sites were
separated from each other by = 5 km.

BIRD CENSUSING

We collected species presence data for forest
birds in circular plots, 67 m in diameter, between
05:30 and 10:30 from 1 June through 3 July,
1991 and 1992. We chose plots of this size to
exclude all edge vegetation in openings. We
used circular census plots modified from the
variable-width-circular-plot census method
(Reynolds et al. 1980). We conducted each bird
census by recording each individual detected
within the plot during an 8-min period. Estima-
tion of distances to singing birds was practiced
on site for one week prior to actual censusing,
and several plot boundaries at each site were
flagged to ensure accuracy of distance estimates.
All census plots were visited once per week for
4 weeks, with census routes changed during
each survey to eliminate time-of-morning bias.
Morrison et al. (1981) determined that avian
density and species richness estimates stabilized
at 4 visits/plot/season, using the Reynolds et al.
(1980) circular plot census method.

We conducted censusing during the peak of
the avian breeding season in the GMNF (Laugh-
lin and Kibbe 1985, Morse 1989). During each
census, an individual was considered present on
a plot if it was detected by either aural or visual
identification. To eliminate transient birds from
our estimates of species richness and relative
abundance, the frequency of occurrence for any
bird species in any one census plot must have
been = 2 occurrences per 4 censuses (within one
year). Morse (1989) states that the probability of
detecting two transient individuals of the same
species in the same census plot is low. Census-
ing was not conducted in rainy or windy weath-
er.

HABITAT SAMPLING

We measured vegetation in 0.17-ha plots cen-
tered on the avian census plots using Noon’s
(1981) modifications of James’ (1971) sampling
technique. Nineteen habitat variables describing
both abiotic and biotic attributes were measured
on each plot. Percent live understory foliage was
divided into three height classes: low (0-0.7 m),
medium (0.7-1.5 m), and high (1.5-2.3 m).
Shrubs were woody stemmed and < 3 cm di-
ameter at breast height (dbh), and further cate-
gorized as small (< 3 m) or large (3—5 m), and
as deciduous or coniferous. Counts of shrubs,
Rubus spp., tree basal area, snags, and log vol-
ume were converted to number/ha.

DATA ANALYSES

Vegetation variables measured in plots within
openings censused in both years were averaged
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because they were not independent. A matrix of
vegetation plots and the 16 descriptors of veg-
etative attributes was subjected to cluster anal-
ysis to identify natural groupings of plots based
on vegetative similarities. A hierarchical method
was chosen using Pearson correlation and aver-
age linkage (Wilkinson 1990). We used Pearson
correlation because it is not influenced by dif-
ferences in scale between the objects used in the
analysis.

We tested the resulting clusters for significant
differences among the vegetative descriptors us-
ing a Mann-Whitney U-test (Zar 1984). We
pooled vegetative data within each plot-distance
category within forests (B, C, and D distance
groups) and compared them for significant dif-
ferences among all 19 habitat variables using a
Kruskal-Wallis test (Zar 1984). Bonferroni table-
wide significance level corrections were used
where appropriate (Rice 1989). For these com-
parisons, we combined the number of small and
large deciduous shrubs.

We compared similarity between the avian as-
semblage at each distance by the Bray-Curtis
(1957) measurement using species composition
and relative abundance measures as comparison

criteria, where:
(Z 2Wi)/(A + B)

and: Wi = lower abundance of each species i
present in both plots, A = number of individuals
present in assemblage 1, and B = number of
individuals present in assemblage 2.

Because all but five bird species in this study
migrate annually to wintering grounds, some de-
gree of evaluation (or re-evaluation) of breeding
habitat by individuals must be done each season.
Therefore, plots censused in both years were
treated as independent plots for bird data anal-
ysis.

We used analysis of variance to test for dif-
ferences in species richness and relative abun-
dance among distances from openings. We nor-
malized relative abundances for all species prior
to analysis to adjust for landscape scale and pop-
ulation density differences among sites and be-
tween years. We normalized the data for each
year by subtracting the mean relative abundance
of each species at each site from that species’
relative abundance at each distance in each site,
after the method of Keller and Anderson (1992).

similarity = X 100%

We defined a priori five groups of birds based
on breeding habitat and migratory status. We as-
signed species to these groups based on similar
classifications by Whitcomb et al. (1982) and
Kendeigh (1982). We deviated from their clas-
sification, however, for two species, American
Redstart and Magnolia Warbler, which we
placed in the interior-edge group and the edge-
open group, respectively, based on recent studies
in New England (Thompson and Capen 1988,
Small and Hunter 1989, Hunt 1996). Our groups
were Neotropical forest-interior, interior-edge,
and edge-open migrants, Nearctic migrants, and
nonmigrants (see Table 2). A sixth group con-
sisted of three species of Corvid nest predators.
Because avian nest predators travel over a wide
area, we considered Corvids present at any cen-
sus plot in which they were detected at least
once. We summed relative abundance for all
species within each group to test for differences
among distances. Tests for differences among
distances also were performed on individual
species within each group in the same manner
in order to reveal species responses within the
context of each ecological group. When consid-
ering ecological groups, we chose a significance
level of P < 0.05; however, a significance level
of P < 0.10 was considered significant when
testing individual species. We did this to reduce
the probability of a type II error, because erro-
neously rejecting the null hypothesis is more se-
rious than a type I error when species conser-
vation is being considered (Askins et al. 1990,
Thompson et al. 1992). We used Tukey’s mul-
tiple comparison tests in all instances where the
null hypothesis of no change in abundance was
rejected.

RESULTS
VEGETATION

Two distinct groups of plots were revealed by
the cluster analysis. One cluster contained only
openings and the other contained only forest
plots. One B plot clustered by itself, so all data
from this site were discarded. Both clusters con-
tained a heterogeneous mixture of plots from
each of the five sites. Within the forest cluster,
plots were heterogeneously distributed among
distance classes; i.e., no trend was apparent for
plots from any particular site or distance to
group together in either cluster.

No difference existed between the two plot-
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TABLE 1. Habitat measurements for patch cut plots and forest plots based on cluster separation, Green Moun-

tain National Forest, Vermont, 1991-1992,

Patch cuts?

Forest plots?®

Variable (n = 25) (n = 54) pb
Aspect 2.33 £ 0.26 217 £ 0.15 ns
Canopy closure (%) 25.39 £ 648 89.78 £ 1.24 <0.001
Canopy height (m) 2.82 + 1.55 22.44 * 0.53 <0.001
Coniferous basal area (m%ha) 0.31 * 0.19 5.16 = 1.42 0.041¢
Coniferous dbh 442 + 1.88 992 *+ 1.73 ns
Deciduous basal area (m?/ha) 2.81 £ 0.67 3474 = 1.16 <0.001
Deciduous dbh 19.55 * 3.45 15.63 £ 0.50 ns
Elevation (m) 453.92 + 86.07 453.75 + 81.46 ns
Hi density board (%) 78.99 £ 5.62 48.68 = 348 <0.001
Low density board (%) 98.36 + 1.34 77.65 = 2.90 <0.001
Live ground cover (%) 80.01 = 3.06 43.37 = 2.31 <0.001
Downed log volume (m?ha) 0.00 = 0.00 190.34 *+ 43.17 <0.001
Medium density board (%) 93.46 £ 2.49 45.89 * 3.76 <0.001
# Coniferous shrubs 2.56 + 2.27 89.96 + 268.60 ns
# Deciduous shrubs 122.36 = 131.34 853.96 * 712.95 <0.001
# Rubus stems 158.75 *+ 38.58 0.0 =00 <0.001
Slope 20.22 £ 2.01 19.00 = 1.06 0.016¢
# Snags 2.08 = 0.29 11.56 * 0.91 <0.001
2 Mean * SE.

b Mann-Whitney U-test.
€ Not significant in sequential Bonferonni test.

clusters for slope, elevation, aspect, deciduous
dbh, coniferous tree basal area, coniferous dbh,
or number of coniferous shrubs (for patches, the
latter four variables describe the = 5% trees re-
maining, Table 1). Significant differences did
exist between the two clusters for variables de-
scribing both live understory and live ground
cover (live ground cover, low, medium, and high
understory foliage cover, number deciduous
shrubs, and number Rubus sp. stems), and vari-
ables describing mature forests (log volume/ha,
snags, deciduous tree basal area/ha, canopy clo-
sure, and canopy height). No significant differ-
ence existed for any variable when forest plots
were pooled and compared among distances
from openings.

BIRDS

Fifty species of birds were encountered during
the two census seasons. Of these, breeding in-
dividuals of 36 species (72%) occurred on cen-
sus plots in one or both years of the study. Three
other species were avian nest predators: Amer-
ican Crow (Corvus brachyrhynchos), Common
Raven (C. corax), and Blue Jay (Cyanocitta
cristata).

In both years, Red-eyed Vireos (Vireo oliva-
ceus), Ovenbirds (Seiurus aurocapillus), and
Black-throated Blue Warblers (Dendroica cae-
rulescens) were the most abundant species.

These species comprised 14.1%, 12.9%, and
11.2%, respectively, of the total number of birds,
accounting for 38.2% of all birds detected in the
study. Ten of the 50 species censused were rare
throughout the study area and were detected in
census plots in only one year.

EFFECTS OF OPENINGS ON BIRDS

Twenty-seven species of birds were encountered
within openings (A plots), whereas 24 species
were found within plots at each of the three for-
est plot distances (B, C, D plots). This difference
was not significant between any distance classes
(F;3, = 0.5, P = 0.67). Three species, Chestnut-
sided Warblers (Dendroica pensylvanica), Com-
mon Yellowthroats (Geothlypis trichas), and
Ruby-throated Hummingbirds (Archilochus col-
ubris), were found only within openings, and
several other species showed strong preferences
for openings. Conversely, Black-throated Green
Warblers (Dendroica virens), Brown Creepers
(Certhia americana), Hermit Thrushes (Catha-
rus guttatus), Solitary Vireos (Vireo solitarius),
and Winter Wrens (Troglodytes troglodytes)
never were encountered within openings. The
remaining species were found in both forest and
opening plots (Table 2).

Bray-Curtis similarity was low between open-
ings and forest plots at all distances (Table 3).
The highest coefficient of similarity in both
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TABLE 2. Mean relative abundance of birds in patch cuts and three distances into the forest, Green Mountain

National Forest, Vermont, 1991-1992.

Distance from patch cut (m)

Group/species 0 50 100 200 P2
Neotropical edge-open migrants 0.379 0.055 0.103 0.064 <0.001
American Robin 0.018 0.030 0.091 0.037 <0.004
Cedar Waxwing 0.000 0.006 0.000 0.000 na
Chestnut-sided Warbler 0.146 0.009 0.000 0.000 <0.001
Common Yellowthroat 0.024 0.000 0.000 0.000 0.028
Least Flycatcher 0.009 0.004 0.012 0.027 ns
Magnolia Warbler 0.014 0.000 0.000 0.000 na
Mourning Warbler 0.110 0.006 0.000 0.000 <0.001
Ruby-throated Hummingbird 0.058 0.000 0.000 0.000 <0.001
Neotropical interior-edge migrants 0.222 0.360 0.215 0.237 0.001
American Redstart 0.060 0.073 0.034 0.051 ns
Eastern Wood-pewee 0.005 0.000 0.000 0.000 na
Great Crested Flycatcher 0.000 0.006 0.000 0.000 na
Red-eyed Vireo 0.072 0.186 0.176 0.171 0.005
Rose-breasted Grosbeak 0.078 0.033 0.000 0.009 0.001
Wood Thrush 0.007 0.062 0.005 0.006 0.029
Neotropical forest-interior migrants 0219 0.398 0.494 0.532 <0.001
Black-and-white Warbler 0.044 0.022 0.020 0.013 ns
Blackburnian Warbler 0.007 0.006 0.009 0.013 ns
Black-throated Blue Warbler 0.058 0.173 0.099 0.095 0.019
Black-throated Green Warbler 0.000 0.011 0.083 0.143 <0.001
Canada Warbler 0.014 0.000 0.000 0.003 na
Hermit Thrush 0.000 0.000 0.005 0.016 0.023
Ovenbird 0.042 0.121 0.204 0.175 <0.001
Scarlet Tanager 0.005 0.013 0.035 0.016 ns
Solitary Vireo 0.000 0.000 0.000 0.024 0.044
Veery 0.049 0.052 0.039 0.034 ns
Nearctic migrants 0.125 0.165 0.131 0.128 ns
Brown Creeper 0.000 0.028 0.054 0.023 0.060
Golden-crowned Kinglet 0.000 0.000 0.000 0.000 na
Dark-eyed Junco 0.023 0.019 0.012 0.014 ns
Winter Wren 0.000 0.050 0.019 0.023 ns
White-throated Sparrow 0.053 0.009 0.019 0.000 0.060
Yellow-bellied Sapsucker 0.037 0.030 0.022 0.056 ns
Yellow-rumped Warbler 0.000 0.000 0.000 0.000 na
Nonmigrants 0.035 0.025 0.055 0.026 ns
Black-capped Chickadee 0.025 0.025 0.037 0.026 ns
Downy Woodpecker 0.005 0.000 0.006 0.000 na
Hairy Woodpecker 0.006 0.000 0.000 0.000 na
Pileated Woodpecker 0.000 0.000 0.006 0.000 na
White-breasted Nuthatch 0.000 0.000 0.005 0.000 na

2 P values are for ANOVA, na = not abundant enough to test. Underlined values were not significant in Tukey’s test.
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TABLE 3. Percent similarity within the bird commu-
nity in patch cuts and forest plots, Green Mountain Na-
tional Forest, Vermont, 1991-1992.

Distance (m) from patch cut

0 50 100 200
50 0.570 —
100 0.463 0.723 —
200 0.479 0.740 0.792 —

years (79%) was between plots 100 m and 200
m into the forest. In both years plots within
openings were least similar to plots located 100
m into the forest (46%).

Relative abundance changed significantly
among distances from openings for all three
Neotropical migrant groups, but not for Nearctic
migrants or nonmigrants (Fig. 2). Eight species
of birds were Neotropical edge-open migrants
that colonize early successional stage habitats or
edge zones. This group displayed a highly sig-
nificant distance effect (F, 3, = 29.5, P < 0.001).
A Tukey multiple comparison indicated that as
a group they were significantly less abundant at
all distances into the forest from openings.
Chestnut-sided Warblers, Common Yellow-
throats, Ruby-throated Hummingbirds, and
Mourning Warblers (Opororonis philadelphia)
were significantly less abundant in all forest
plots than in openings (Table 2). American Rob-
ins (Turdus migratorius) were significantly more
abundant in 100 m plots than in any other plots.

Least Flycatchers (Empidonax minimus) dis-
played no significant trends among any distanc-
es. Although not abundant enough to test, Mag-
nolia Warblers (Dendroica magnolia) occurred
only in openings.

Six species were Neotropical interior-edge
migrants. As a group, they also demonstrated a
highly significant distance effect (Fy3,=71, P
< 0.001). A Tukey multiple comparison indi-
cated that they were significantly more abundant
50 m from openings than at all other distances,
and that group abundance did not differ among
any of the other distance classes. Three species
demonstrated significant responses over distance
from openings: Red-eyed Vireos were less abun-
dant in openings, Wood Thrushes (Hylocichla
mustelina) peaked in abundance in 50 m plots,
but displayed no differences among other dis-
tances, and Rose-breasted Grosbeaks (Pheucti-
cus ludovicianus) were more abundant in open-
ings than in any forest plots (Table 2).

Ten species were Neotropical forest-interior
migrants. This group also showed a highly sig-
nificant distance effect (F,;, = 18.5, P < 0.001).
A Tukey multiple comparison revealed signifi-
cantly higher abundances in all forest plots than
in openings, and significantly lower abundance
in 50 m plots than in 200 m plots. Five species
in this group reacted significantly to distance
from openings. Hermit Thrushes were most
abundant in 200 m plots, and Solitary Vireos
were encountered only in 200 m plots. Oven-
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birds and Black-throated Green Warblers were
significantly less abundant in both openings and
50 m plots. Black-throated Blue Warblers
peaked in abundance in 50 m plots and did not
differ among the other distances.

In openings, Neotropical interior-edge mi-
grants were significantly more abundant than
Neotropical forest-interior migrants, and both
were significantly less abundant than Neotropi-
cal edge-open migrants (F,,, = 414, P <
0.001). Neotropical interior-edge migrants
peaked in abundance at 50 m into forests, where
they were significantly more abundant than both
other Neotropical groups (F,,, = 89, P <
0.002). Neotropical forest-interior migrants were
significantly more abundant than both Neotrop-
ical edge-open migrants and Neotropical interi-
or-edge migrants in both 100 m plots (F,,, =
6.7, P < 0.006) and 200 m plots (F,,, = 25.7,
P < 0.001).

Eight species of birds were Nearctic migrants.
This group showed no significant change in rel-
ative abundance among any plot distances (F; 3,
= 0.4, P = 0.78). One species, Brown Creeper
(Certhia americana), displayed a significant
peak in abundance in 100 m plots.

The group of nonmigrants contained five spe-
cies of birds. Abundance in this group did not
differ among distances (F;3, = 0.9, P = 0.45).
Black-capped Chickadee (Parus atricapillus)
was the only abundant member, and it displayed
no change in abundance over distance.

American Crows and Common Ravens often
were seen flying above plots and nearby forest
areas, but were so rare within census plots that
their abundances were pooled with those of the
Blue Jay and termed ‘“‘Corvids.” Corvids
showed no change in abundance between dis-
tances (F33, = 0.7, P = 0.55). Brown-headed
Cowbirds (Molothrus ater) were never detected
at any site, but were consistently present on
nearby farms.

DISCUSSION

Small openings affect the forest-interior bird
community in several ways. Wiens (1994) stated
that forest fragmentation affects community dy-
namics through external factors that vary as the
mosaic structure changes. The presence of small
openings in our study area raised the overall
community diversity through the addition of
several species of early successional colonists,
many of which were Neotropical migrants. Bird
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species richness was unchanged between open-
ings and all forest plots. However, the Bray-Cur-
tis similarity index reflected a turnover in bird
species abundances as distance increased from
openings: the decrease in numbers of forest-in-
terior species near openings was offset by the
addition of edge-open and interior-edge species.
Small and Hunter (1989) similarly found bird
species richness higher near powerlines than far-
ther into forest habitat. Several edge-open spe-
cies that were using the forest-powerline ecotone
contributed to this difference. Our community
similarity indices were similar to those of Keller
and Anderson (1992), who found a 78% simi-
larity between forest plots in fragmented versus
unfragmented habitats near group selection har-
vest and stripcut sites.

We grouped Neotropical migrants according
to their habitat associations in highly fragmented
areas to examine their responses to openings in
areas where fragment size was not a factor. Sev-
eral species demonstrated responses inconsistent
with their a priori groupings. American Robins,
birds of open areas (Whitcomb et al. 1981) and
insensitive to fragmentation (Temple 1986),
were most abundant well away from openings.
Several forest-interior birds did not retreat from
the forest interior openings. We suggest that
these species are affected by factors associated
with greater degrees of fragmentation than pres-
ent in our study, such as nest predation/parasit-
ism or fragment size, but not by the presence of
openings. Alternatively, the retreat of Black-
throated Green Warblers, Hermit Thrushes, Ov-
enbirds, and Solitary Vireos from the openings
demonstrates an aversion to even small propor-
tions of forest edge, regardless of forest size.

The significant interaction between the Neo-
tropical interior-edge and forest-interior birds
across distance from openings could be a result
of displacement near openings. Members of both
groups are largely insectivorous, but the interior-
edge species are well adapted to foraging in dis-
turbed areas and edge zones where they may be
outcompeting forest-interior birds.

Increased nest predation and egg parasitism
near edges also have been suggested as causes
of decreased abundances of forest-interior mi-
grants (Wilcove 1985, Yahner and Cypher 1987,
Yahner et al. 1993). Six of the 10 Neotropical
forest-interior birds were species that nest on or
within 0.3 m of the ground, whereas none of the
Neotropical interior-edge species nest there
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(Bent 1963, 1964, DeGraaf and Rudis 1986).
Wilcove (1985) found that artificial ground nests
were disturbed more often than nests placed 1.5
m above ground. However, Yahner and Scott
(1988) found that artificial nests placed on the
ground were preyed upon less often than nests
placed 1.5 m above the ground when birds were
the primary predators. We found no increase in
abundance of Blue Jays, Crows, or Ravens near
openings, and no Brown-headed Cowbirds at
any site, indicating that avian nest predation and
egg parasitism were not factors affecting nesting
success around small forest openings. This may
be because the edges of small openings are dis-
continuous and not as easily detectable or ex-
ploitable as are edges of large openings, al-
though there is more total edge in several small
openings than in one large opening of equal total
size.

Most members of the nonmigrant and Nearc-
tic migrant groups were rare. Populations of
short-distance and nonmigrant birds are less af-
fected by habitat fragmentation than are Neo-
tropical migrant songbirds (Galli et al. 1976,
Crawford et al. 1981). Four of the five nonmi-
grant species we censused forage on tree trunks,
and all five nest in tree cavities, usually in snags.
Although there were fewer snags standing in
openings than forest plots, some snags were left
in each opening to benefit wildlife. We observed
Black-capped Chickadees nesting in several of
these. Depredation rates are low in tree cavity
nests (Wilcove 1985), which may allow cavity
nesting species to select nest sites based on mi-
crohabitat criteria alone, thus broadening the
range of acceptable nesting habitats for them.
Only one of the Neotropical migrants present in
this study nests in tree cavities (Great-crested
Flycatcher); it was extremely rare in this study.
Tree trunks were exploited as feeding substrates
by only one Neotropical migrant (Black-and-
white Warbler) and snags were unexploited by
Neotropical migrant birds except as perch sites.
Only one member of the Nearctic migrant group,
the Brown Creeper, was significantly less abun-
dant near openings than in deeper forest. Keller
and Anderson (1992) found a similar response
exhibited by this species in plots in fragmented
and unfragmented forest areas.

Group selection harvesting is an appropriate
harvest method in areas containing sensitive or
declining forest-interior species that are known
to suffer from cowbird parasitism or predation

from Corvids. Group selection harvest sites
were less visible in the landscape than other
clear-cut methods, due to the smaller openings
scattered within the remaining tree canopy. Six
of the seven species showing significant declines
in abundance near patch cuts were Neotropical
migrants, five of which were forest-interior
birds. Some Neotropical migrant forest-interior
birds displayed sensitivity to the creation of edg-
es within large forest interiors, indicating that
they are limited by edge zones rather than forest
fragment size. Others did not respond to interior
openings, indicating that factors limiting their
abundance were more complex than the mere
presence of edges.
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