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NEST SITE SELECTION AND NESTING SUCCESS OF THE RED-
EYED VIREO IN CENTRAL PENNSYLVANIA

ADAM M. SIEPIELSKI,1,2,4 AMANDA D. RODEWALD,1,3 AND
RICHARD H. YAHNER1

ABSTRACT.—We compared nest placement and characteristics of nesting habitat used by Red-eyed Vireos
(Vireo olivaceous) in deciduous forests of central Pennsylvania during the breeding seasons of 1998 and 1999.
Nest patches versus random patches (0.04-ha circular plots centered on nests or random points, respectively)
and successful versus unsuccessful nest patches were compared. Vireos selected nest patches in a nonrandom
fashion with respect to vegetative characteristics at two strata: canopy level and ground/shrub level (,1.0 m).
Nests were located closer to surrounding trees and were found in areas with greater canopy coverage, less ground
vegetation, and fewer small (0.5–1.0 m in height) stems than random patches. Of the four microhabitat char-
acteristics that distinguished used from random patches, however, only ground vegetation was associated with
nest fate. Successful nests were surrounded by less ground vegetation than failed nests. Nest placement char-
acteristics were not significantly associated with nest fate. We suggest that current nesting success may be
independent of patch or site level attributes because the processes responsible for determining what constitutes
a suitable nest patch or site characteristic may act at different spatial or temporal scales. Received 25 Jan. 2001,
accepted 10 Nov. 2001.

Attributes of nesting locations have been
shown to influence nesting success of birds by
affecting factors such as vulnerability to pre-
dation (Martin and Roper 1988; Martin 1993a,
1993b), brood parasitism (Burhans and
Thompson 1999), suitability of microclimate
for nestlings (Calder 1973, Holway 1991), and
resource acquisition (Lennington 1980, Si-
mons and Martin 1990, Holway 1991, Sedg-
wick and Knopf 1992, Steele 1993, Vander
Lee et al. 1999, Huhta et al. 1999). Of these
factors, nest predation recently has received
considerable attention and may represent a
major selective force on avian breeding biol-
ogy and community structure (e.g., Martin
1988a, 1988b, 1993a, 1993b). Because nest
predation is the leading cause of nest failure
in open cup nesting birds (Rickleffs 1969,
Martin 1993a), natural selection should favor
individuals that choose a suite of habitat char-
acteristics within the nest site or patch that
increase the probability of nesting success if
choice of habitat characteristics is heritable
(Martin and Roper 1988, Martin 1998). In-
deed, several studies have demonstrated that
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habitat characteristics at or surrounding nests,
such as nest concealment (Martin and Roper
1988, Norment 1993), dense vegetation or
complex habitat (Harper 1969, Menge and
Sutherland 1976, Bowman and Harris 1980,
Kilgo et al. 1996a), number of potential nest-
ing sites (Martin and Roper 1988), and patch
size (Burhans and Thompson 1999), can influ-
ence nesting success. Preferential selection of
habitat characteristics that are associated with
greater nesting success has been shown in sev-
eral species, including Hermit Thrushes (Ca-
tharus guttatus auduboni; Martin and Roper
1988) and Yellow-breasted Chats (Icteria vi-
rens; Burhans and Thompson 1999; but see
Ricketts and Ritchison 2000). In contrast, oth-
er researchers have failed to detect associa-
tions between attributes associated with nest
site selection and nest fate, e.g., Black-throat-
ed Blue Warblers (Dendroica caerulescens;
Holway 1991), Kentucky Warblers (Opornis
formosus; Kilgo et al. 1996b), and Hooded
Warblers (Wilsonia citrina; Kilgo et al.
1996a).

Several explanations for a lack of associa-
tion between characteristics important for nest
site selection and nesting success have been
proposed, including predation occurring sto-
chastically (Holway 1991, Wilson and Cooper
1998, Cooper et al. 1999), nest site selection
being governed by other factors (e.g., foraging
efficiency; Huhta et al. 1999), biologically un-
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important habitat characteristics being mea-
sured (Wilson and Cooper 1998), and human
disturbances created during data collection
(Martin 1992). In addition, Howlett and
Stutchbury (1997) presented evidence that site
selection may reflect factors acting at an evo-
lutionary temporal scale rather than at a more
contemporary scale. For example, in a study
of Hooded Warblers, there was no significant
difference in concealment indices between ini-
tial attempts that resulted in depredation and
subsequent renesting attempts (Howlett and
Stutchbury 1997; see also Kilgo et al. 1996a),
which suggests that nest site selection may be
nonadaptive over short time periods (see also
Wray and Whitmore 1979).

Despite Red-eyed Vireos (Vireo olivaceous)
being one of the most common Neotropical
migrants in eastern North America (DeGraff
and Rappole 1995, Cimprich et al. 2000), few
studies have examined nest site selection by
this species, although its breeding biology and
nesting characteristics have been described in
detail (Common 1934, Nice 1941, Sutton
1949, Bent 1950, Lawrence 1953). Nesting
habitats used by Red-eyed Vireos include a
predominately deciduous forest (Lawrence
1953), well-developed canopy layers (James
1971, 1976; Anderson and Shugart 1974;
Crawford et al. 1981), and dense vegetation
surrounding nesting sites (Lawrence 1953).
However, there is little empirical evidence that
Red-eyed Vireos preferentially select habitat
attributes that may be associated with nesting
success (Cimprich et al. 2000). Thus, by ex-
amining nesting habitat at two scales, our ob-
jectives were to determine if (1) nest patches
used by Red-eyed Vireos differed from ran-
domly selected patches, (2) habitat attributes
selected by vireos were associated with higher
nesting success, and (3) nest placement char-
acteristics (i.e., nest height, number of support
branches) were related to nesting success.

METHODS
We selected ten 25-ha study sites in contiguous de-

ciduous forests in Centre and Huntingdon counties of
central Pennsylvania (408 409 N, 778 559 W); five sites
occurred within forested landscapes disturbed by ag-
riculture, and five were disturbed by silviculture
(Rodewald 2000). Dominant hardwoods included red
maple (Acer rubrum), white oak (Quercus alba),
northern red oak (Q. rubra), chestnut oak (Q. prinus),
sweet birch (Betula lenta), American beech (Fagus

grandifolia), and hickory (Carya spp.). Conifers, such
as white pine (Pinus strobus) and eastern hemlock
(Tsuga canadensis), also occurred on some sites. Com-
mon understory plants included mountain laurel (Kal-
mia latifolia), witch hazel (Hamamelis virginiana),
vaccinium (Vaccinium spp.), and saplings of overstory
trees, especially red maple. For a more detailed de-
scription of the study areas see Rodewald (2000).

From mid-May to late July during 1998 and 1999,
we searched for active Red-eyed Vireo nests. Nests
were monitored every 3–5 d, and more often near an-
ticipated fledging dates (Martin et al. 1996). We con-
sidered a nest successful if at least one young fledged.
We considered nests depredated only when observa-
tional evidence and nesting phenology suggested pre-
dation (i.e., nest intact but missing eggs or nestlings).

During late July or after a nesting attempt was com-
pleted, 17 microhabitat characteristics were quantified
at each nest location (modified from James and Shu-
gart 1970, Martin et al. 1996). During 1999 we also
measured microhabitat characteristics at a randomly
located patch corresponding to each nest. Random
patches were selected by pacing $40 m in a random
compass bearing to the first potential nest substrate
encountered of the same size and species (Martin et al.
1996, Burhans and Thompson 1999).

Microhabitat characteristics were measured within a
0.04-ha circular plot centered on either the nest tree or
the potential nest substrate (hereafter central point).
For each used and random patch, we estimated the
mean canopy height, the distance from the central
point to the nearest tree .8 cm dbh in each of the four
cardinal points (1999 only), and the dbh of each tree
in the plot (1999 only). All live trees and standing dead
trees (snags) within the plot were identified to species
and classified into one of three dbh categories: 8–23
cm, 24–38 cm, and .38 cm. Using an ocular tube, we
estimated the percent (to the nearest 5%) coverage by
ground (#0.5 m) vegetation and nonvegetation forms
(e.g., rock, soil, leaf litter), and percent of overstory
(.5 m) canopy coverage. At 2-m intervals along 20-
m long transects running north-south and east-west
through the plot, the number of stems contacting a 3-
m tall pole (held vertically) were counted in 0.5-m
intervals (0.5–3.0 m).

Red-eyed Vireo nest placement was characterized
using the methods of the Breeding Biology Research
and Monitoring Database sampling protocol (Martin et
al. 1996). For each nest located, we measured height
of the nest, dbh of the nest substrate, distance of each
nest from the trunk or axis of the nesting substrate,
number of supporting branches, and mean diameter of
supporting branches.

We used a multiple analysis of variance (MANO-
VA) and Wilk’s lambda (l) criterion to test for signif-
icant microhabitat differences between used and ran-
dom patches (1999 only) and between successful and
failed nest patches (1998 and 1999). Before analysis,
we checked for assumptions of normality (Kolomo-
gorov-Smirnov test), multicolinearity, and heterosce-
dasticity (F-test). Count data were log- or square root-
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TABLE 1. Nest site selection and nesting success of Red-eyed Vireos at successful (n 5 32) and failed (n
5 34) nest sites, and random patches (n 5 36), in deciduous forests of Centre and Huntingdon counties,
Pennsylvania, 1998–1999. Values are mean 6 (SE).

Characteristic

Nest site selection (1999 only)

Nest patch Random patch P

Nesting success (1998–1999)

Failed Successful Pa

Mean canopy height (m)
Percent canopy cover
Percent ground vegetation
Mean distance from nest tree

to nearest trees (m)b

Mean dbh (cm) of nearest treesb

20.00 (0.63)
71.25 (3.15)
31.94 (4.24)

4.99 (0.31)
24.72 (1.26)

18.47 (0.62)
55.56 (3.37)
46.25 (4.78)

6.99 (0.46)
27.54 (1.57)

0.099
0.001
0.028

0.002
0.166

19.64 (0.67)
72.94 (3.21)
38.38 (3.91)

4.82 (0.44)
24.93 (1.66)

19.15 (0.71)
74.06 (1.91)
23.59 (3.49)

5.25 (0.42)
24.47 (2.00)

0.602
0.007

0.393

Overstory trees (.5 m):

dbh 8–23 cm
dbh 23–38 cm
dbh .38 cm

13.18 (1.52)
4.92 (0.62)
2.63 (0.33)

10.34 (1.17)
4.45 (0.45)
2.15 (0.28)

0.090
0.540
0.405

14.09 (1.64)
5.41 (0.77)
2.97 (0.31)

11.44 (1.25)
5.78 (0.54)
2.34 (0.34)

Stem profiles:

0.5–1.0 m
1.0–2.5 m

2.03 (0.57)
7.42 (1.20)

3.40 (0.58)
8.21 (1.26)

0.005
0.547

2.77 (0.82)
7.38 (1.45)

2.47 (0.62)
7.00 (1.04)

0.824

Number of snags 2.26 (0.45) 1.50 (0.28) 0.525 1.88 (0.30) 2.00 (0.30)

a Only those characteristics that differed between nest patches and random patches were analyzed for differences between successful and failed nests.
b Measured at 1999 nest locations only.

transformed (Sokal and Rolf 1995) to meet assump-
tions of normality and homogeneity of variance. We
controlled for multicolinearity by generating matrices
of Pearson’s product moment correlation coefficients
(r; Sokal and Rolf 1995) for all variables within each
statistical group (e.g., selection or success data, nest
placement or patch). If a pair of variables was highly
correlated (r . 0.700 and P , 0.05), variables were
either grouped, where appropriate, or one was removed
from the final analysis. We combined stem categories
into two categories (0.5–1.0 m and 1.0–2.5 m),
grouped all snag counts, and removed percent of non-
vegetation ground cover and stems counted at 3.0 m.
Following MANOVA procedures, a posteriori univar-
iate analyses of variance (ANOVA) tests were used to
compare each variable separately between used and
random patches, and between successful and failed
nesting attempts.

We tested for between-year differences for all vari-
ables using univariate procedures. Because only one
habitat variable (diameter of support branches) differed
significantly between years (1998 mean 5 0.58 cm 6
0.07 SE versus 1999 mean 5 1.23 cm 6 0.09 SE; F1,61

5 25.72 P , 0.0001), we did not separate our analyses
by year. Type I experimentwise error rate was con-
trolled at a 5 0.05, and the final MANOVA model for
nest patch selection contained 11 variables. Because
we were interested in the variables that were selected
by vireos (e.g., differed from random sites), we then
compared successful and unsuccessful nest sites with
respect to the four variables that differed significantly
between used and random patches. Results for statis-
tical tests are reported as untransformed means 6 SE,
unless otherwise noted.

RESULTS

We found 37 Red-eyed Vireo nests during
the 1999 breeding season. Overall, vegetation
structure of patches differed significantly be-
tween used and random patches (MANOVA;
Wilk’s l 5 0.651, F11,60 5 2.92, P 5 0.004).
Red-eyed Vireo nests were placed closer to
adjacent trees (4.99 m 6 0.31 versus 6.99 m
6 0.46; F1,70 5 10.79, P 5 0.002), and their
nest patches had greater canopy coverage
(71.25% 6 3.15 versus 55.6% 6 3.37; F1,70 5
11.56, P 5 0.001), less ground vegetation
coverage (31.94% 6 4.24 versus 46.25% 6
4.78; F1,70 5 5.01, P 5 0.028) and fewer stems
0.5–1.0 m in height (2.03 stems 6 0.57 versus
3.40 stems 6 0.58; F1,70 5 8.37, P 5 0.005)
than random patches (Table 1).

Of 66 active Red-eyed Vireo nests (29 dur-
ing 1998 and 37 during 1999), 48.5% were
successful. One nest patch characteristic for
which vireos apparently selected differed be-
tween successful and failed nests (MANOVA;
Wilk’s l 5 0.673, F4,31 5 3.76, P 5 0.013);
ground vegetation cover was lower at suc-
cessful than failed nests (23.59% 6 3.49 ver-
sus 38.38% 6 3.91, F1,64 5 7.89, P 5 0.007).
Vireos nested in 15 tree species, with most
nests placed in red maple (29.72%) and sweet
birch (10.81%). Nest placement characteristics
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were not significantly associated with suc-
cessful and failed nests (MANOVA; Wilk’s
statistic 5 0.963, F5,56 5 0.43, P 5 0.825).

DISCUSSION

Because nest patches differed from random
patches in several ways, our results suggest
that Red-eyed Vireos select nest patches, in
part, based on vegetative structure at relatively
small spatial scales (,0.04 ha). These findings
are similar to reports of nonrandom selection
in many other species, such as Hermit Thrush-
es (Martin and Roper 1988), Black-throated
Blue Warblers (Holway 1991), Hooded War-
blers (Kilgo et al. 1996b, Howlett and Stuch-
bury 1997), Kentucky Warblers (Kilgo et al.
1996a), and Yellow-breasted Chats (Burhans
and Thompson 1999). Vireos appear to con-
sider both canopy and ground (0.5–1.0 m) lev-
el vegetation when selecting for nesting areas,
which is consistent with other vireo nesting
studies (Sutton 1949, Lawrence 1953, Ander-
son and Shugart 1974, Crawford et al. 1981).
Because close proximity of surrounding trees
and extensive canopy cover were nest patch
characteristics selected by Red-eyed Vireos
during our study, our findings do not support
the assessment by Crawford et al. (1981) that
thinning of overstory trees is not deleterious
to vireo breeding habitat.

Natural selection should favor vireos that
locate nests in patches that reduce risk of pre-
dation, perhaps by providing concealment and
impeding the movement of potential predators
(Martin 1998). Although vireo nests were as-
sociated with specific patch level attributes,
only one of these attributes (ground vegeta-
tion) was significantly related to nest success.
Underlying reasons for this association are un-
clear, as vegetation density at this height does
not correspond with known primary foraging
heights (James 1976), general habitat require-
ments (Anderson and Shugart 1974, Crawford
et al. 1981), or common nesting locations of
Red-eyed Vireos. One possibility is that a
lower density of ground vegetation may have
allowed adult birds to scan more effectively
for predators within a nest patch. However, we
cannot exclude the possibility that ground
vegetation was correlated with a habitat char-
acteristic that we did not measure.

Vireos in our study also selected other hab-
itat characteristics (e.g., greater canopy cov-

erage and proximity of trees to nesting trees)
which are cited as important nesting territory
characteristics for other avian species, includ-
ing Ovenbirds (Seiurus aurocapillus), White-
breasted Nuthatches (Sitta carolinensis),
Wood Thrushes (Hylocichla mustelina), and
American Redstarts (Setophaga ruticilla;
Crawford et al. 1981), but we found no rela-
tionship between these characteristics and nest
success. Other researchers also have shown
that characteristics within nest patches (e.g.,
within 0.04-ha plots) may have little or no re-
lationship with nesting success (Hoover and
Brittingham 1998, Wilson and Cooper 1998,
Braden 1999, Cooper et al. 1999, Ricketts and
Ritchison 2000). Even characteristics within
smaller (5-m radius) patches may have an
only marginal association with nesting success
(Kilgo et al. 1996a, 1996b; Holway 1991; but
see Martin and Roper 1988, Norment 1993,
Burhans and Thompson 1999). In addition,
there is growing evidence that nest predation
may be largely stochastic in nature (Holway
1991, Wilson and Cooper 1998, Cooper et al.
1999; but see Schmidt and Whelan 1999), and
this may obscure the relationship between site
selection and nesting success.

Factors other than predation may affect nest
site selection. In particular, nest site selection
may be related to the availability and prox-
imity of food resources (Lennington 1980,
Sedgwick and Knopf 1992), which have been
shown to be associated with breeding success
(Simons and Martin 1990, Holway 1991,
Huhta et al. 1999). Indeed, foraging substrates
have been cited as important factors in selec-
tion of territories and nest locations by Red-
eyed Vireos (Nice 1941, Sutton 1949, James
1976). Our results showed that nests were sit-
uated in areas with greater canopy coverage,
which may correspond to preferred foraging
areas of Red-eyed Vireos (Cimprich et al.
2000).

Alternatively, nesting success at our sites
may be related more closely to characteristics
at large landscape scales than to the small lo-
cal scales we measured. In some systems,
landscape specific nest predation may make
nest site selection at the site or landscape level
more important than at the nest patch level
(Sieving and Willson 1998, Rodewald 2000;
see also Hoover and Brittingham 1998, Thog-
martin 1999). For example, in our study area,
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nesting success of forest songbirds was more
strongly associated with characteristics within
landscapes than within nest patches, which
probably reflected the higher abundance of
predators in forest sites near agriculture than
in forest mosaics (i.e., managed forest land-
scapes; Rodewald 2000; Rodewald and Yah-
ner 2001a, 2001b).

There also may be a temporal disconnect
between Red-eyed Vireo nest site selection
and nest predation. Because natural selection
varies in space and time, the criteria that birds
use when selecting nest patches may reflect
historic predator communities, densities, or
behaviors rather than current conditions (Mar-
tin 1988b, 1993a). This is especially true
when an organism occurs in a novel (with re-
spect to an evolutionary time scale) environ-
ment, which may be the case with habitats
altered by forest fragmentation and other an-
thropogenic disturbances (Rodewald and Yah-
ner 2001a, 2001b). For example, Ricketts and
Ritchison (2000) suggested that lack of asso-
ciation between nesting success and nest site
selection of Yellow-breasted Chats may be a
consequence of a novel, diverse predator com-
munity that dilutes the predictability of evo-
lutionarily ‘‘safe’’ nest sites following anthro-
pogenic disturbance.

Until further study, the reasons for an ap-
parent lack of association between nest site
selection and nesting success remain unclear.
This study highlights the need to consider
multiple spatial and temporal factors when ex-
amining nest site selection. Moreover, consid-
eration of evolutionary pathways when as-
sessing habitat needs rarely have been consid-
ered, though they are likely to be of impor-
tance in conservation issues.
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