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ABSTRACT.—Between 1994 and 1996, we determined the density and pairing success of
territorial male Ovenbirds (Seiurus aurocapillus) in 31 forest fragments in southern Ontario.
The density and pairing success of territorial males increased significantly with area of the
woodlot core. We tested the hypotheses that area-related changes in food abundance and the
availability of suitable nest sites are the causal mechanisms limiting female settlement in
small forest fragments. Our results indicated that Ovenbirds chose territories with signifi-
cantly higher prey biomass than occurred at randomly selected sites in the woodlot. Within
Ovenbird territories, prey biomass was 10 to 36 times higher in large woodlots than in small
woodlots. Invertebrate biomass at randomly located quadrats in large woodlots was more
than twice that found at random sites within small woodlots, and was slightly greater than
prey biomass within Ovenbird territories in small fragments. Leaf litter was deeper within
Ovenbird territories in large woodlots than at random sites in both large and small forests,
and within Ovenbird territories in small woodlots. Ovenbirds in large woodlots selected nest
sites that were more than 250 m from the forest edge, distances that were not obtainable in
small forest fragments. The lack of potential nest sites, combined with lower food abundance
in small fragments, may explain why female Ovenbirds find small fragments unsuitable as
breeding sites, and hence why so few males secure mates in small fragments. Understanding
the cause of deterioration of breeding sites with decreasing woodlot area should underscore
efforts to preserve larger tracts of forest to provide adequate nesting habitat for forest-in-

terior migrants. Received 25 November 1996, accepted 12 June 1997.

THE OVENBIRD (Seiurus aurocapillus) is a
ground-nesting passerine that typically breeds
in the interior of large tracts of forest in northern
and northeastern North America (Van Horn and
Donovan 1994) and obtains most of its prey from
the forest floor. As a species apparently linked
to the forest interior, and requiring 100 to 885 ha
of contiguous forest for breeding (Robbins 1979,
Robbins et al. 1989), Ovenbirds have been the fo-
cus of numerous studies examining the adverse
effects of forest fragmentation on Neotropical
migrants (Wander 1985, Gibbs 1988, Gentry
1989, Wenny 1989, Van Horn 1990, Porneluzi et
al. 1993, Villard et al. 1993, Donovan 1994, Rob-
inson et al. 1995). Forest fragmentation may neg-
atively affect reproductive success of Ovenbirds
by reducing rates of pairing success (up to 75 %;
Wander 1985, Gibbs and Faaborg 1990, Villard
et al. 1993) or increasing rates of nest predation
(Wilcove 1985, Robinson et al. 1995) and para-
sitism by Brown-headed Cowbirds (Molothrus
ater; Brittingham and Temple 1983, Robinson et
al. 1995).
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Sex ratios are thought to be biased in favor of
males, either because of high rates of predation of
females on the nest (Gibbs and Faaborg 1990) or
low overwinter survival due to poor competitive
abilities with males at wintering sites (Rappole
and Warner 1980). Thus, competition for females
could be expected to be intense. Certain charac-
teristics important to female Ovenbirds during
nest-site selection may be less abundant or absent
on small tracts of forest. Although habitat pref-
erences vary in different parts of their range (Col-
lins 1983), Ovenbirds consistently choose terri-
tories in mature forests (tree height 16 to 22 m)
with high (60 to 90%) canopy cover (Smith 1981,
Sweeney and Dijak 1985, Robbins et al. 1989).
Relative to random sites, nesting Ovenbirds se-
lect areas with lower ground cover, larger trees
(Smith and Shugart 1987), and flatter areas (Wen-
ny 1989). Female Ovenbirds also select nest sites
where the leaf litter is thick and at distances
greater than 20 m from the forest edge (Hann
1937, Van Horn and Donovan 1994).

Lower levels of reproductive success in
small forest tracts may result from inadequate
foraging and nesting sites (Wenny 1989). Small
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fragments may not reach the internal humidity
levels necessary to sustain invertebrate food
supplies in the leaf litter (Southwood 1966,
Wenny 1989). Small fragments with elevated
levels of light and desiccation of leaf litter (Lee
1987) are likely to have reduced densities of lit-
ter fauna, which in turn may support lower
densities of Ovenbirds (Gibbs 1988). If birds
cue on features of the habitat that are correlated
with prey abundance, rather than assessing
food resources directly (Smith and Shugart
1987), then large forests may be preferred to
small fragments if fragment size is correlated
with food abundance.

We examined the density and pairing success
of territorial male Ovenbirds as a function of
woodlot size, core area, and local forest cover
within 31 forest fragments. We hypothesized
that woodlot size affects preferences of female
Ovenbirds, and hence pairing success, through
its influence on the availability of suitable nest
sites and food resources. We measured micro-
habitat characteristics at Ovenbird nest sites
and at random sites to ascertain if these varied
as a function of woodlot size. Finally, we mea-
sured the biomass of arthropods in the leaf lit-
ter at random sites in the forest and within Ov-
enbird territories to determine whether food
abundance differed relative to woodlot size.

STUDY AREA AND METHODS

Study sites.—This study was conducted in Peter-
borough County in the Great Lakes-St. Lawrence
Lowlands of southern Ontario, Canada (Hills 1959).
The region was surrounded by drumlins, beveled
surfaces, and plains with glacial moraine deposits.
Elevations range from 75 to 408 m with an average
of 305 m (Wickware and Rubec 1989).

Sixty-nine different woodlots within the Peter-
borough district were selected for point-count cen-
suses based on the amount of core area, defined as
forest at least 100 m from the edge (Gates and Gysel
1978, Ranney et al. 1981, Temple 1986, Wenny 1989).
Woodlots ranging in size from 0.06 to 351 ha in core
area (12 to 2,353 ha total woodlot area) were chosen
from upland deciduous forests with reference to a
series of forest cover maps prepared from LAND-
SAT imagery taken in 1984 and 1985 and a geo-
graphic information system database (Hounsell et
al. 1992). Woodlot fragments were surrounded pri-
marily by cultivated fields. Patches subjected to se-
vere recent disturbance from lumbering, grazing,
or fire were excluded, but landowners within some
of the study sites removed small amounts of lumber
for firewood.
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The vegetation at all study sites was dominated by
mature sugar maple (Acer saccharum), with smaller
amounts of American beech (Fagus grandifolia), iron-
wood (Ostrya virginiana), and white ash (Fraxinus
americana). Less abundant canopy species included
eastern hemlock (Tsuga canadensis), white elm (Ulmus
americana), white pine (Pinus strobus), and eastern
white cedar (Thuja occidentalis). Regardless of frag-
ment size, all stands had a closed canopy (>70%)
and similar levels of plant diversity and habitat het-
erogeneity within the 100-m? vegetation plots cen-
tered on the point-count locations (Burke unpubl.
data).

Abundance estimates.—The presence and abun-
dance of Ovenbirds were determined on all 69 forest
fragments using a modified version of the Forest Bird
Monitoring Program protocol developed by Welsh
(1995). Ten-minute point counts conducted from 25
May to 5 July 1994 and 26 May to 23 June 1995 were
used to record the locations of all birds seen or heard
within 100 m. Because of the large number of sites,
each was surveyed once between 0430 and 0830 EST.
All point counts were conducted in similar habitats
within the core areas. No surveys were conducted
when rain, fog, or high winds could interfere with
detection. We took the average number of individu-
als between 1994 and 1995 and used these data as an
unbiased estimate of the effects of area on Ovenbird
abundance.

Density and pairing success.—Thirty-one woodlots
(0.06 to 351 ha core area) known to contain Oven-
birds were selected from the original 69 woodlots
used for point counts. Due to the inherent bias in this
method, we used these density estimates only to
support results obtained from point counts. Only
one of this subset of woodlots was associated with
housing, with a single house located at the edge of
the forest >300 m from our study site. Different
study plots were established for eight study sites that
were used in more than one year (Table 1).

Our research focused on male Ovenbirds that had
partial or complete territories within the core area of
each of the 31 forests. We mapped out smaller plots (4
to 16 ha) within the core area of all but the smallest
tracts to monitor Ovenbird density and pairing suc-
cess. Each plot was visited from 0.5 h before sunrise
to 1030, at least four times between 18 May and 6 July
in each year, to ensure that all territorial males were
recorded and mapped. Density of territorial males
was calculated as the number of territories lying en-
tirely within the plot plus the estimated proportion
that each additional territory overlapped the plot (i.e.
0.25, 0.33, 0.5, etc.). Presumably, this is a more accu-
rate estimate of density than that obtained using a val-
ue of 0.5 regardless of what percentage each territory
actually overlapped the plot (Villard et al. 1993).

To determine pairing success, each focal male was
followed for at least 90 min of “track time’” or until
pairing status was determined with confidence,
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TABLE 1. Description of study sites. Total area is a measure of total woodlot area, core area is the amount
of forest >100 m from the forest edge, and local forest cover is the amount of forest within a 2-km radius

of the study site.

Local forest

Study site Year sampled Total area (ha)  Core area (ah) cover (ha)
Burke 1994, 1995, 19962 48.88 0.31 182.56
Trent 1 1994 11.75 0.13 167.38
Trent 2 1995 26.69 0.06 168.88
Greenaway 1995 51.13 0.25 264.00
Dorin 1995 74.88 0.13 225.06
Chapman 1994, 1995 65.81 0.88 288.44
Godfrey 1994, 1995, 19962 37.38 3.00 558.50
Saarimaki 1994 74.89 8.25 216.69
Darling 1995 156.50 8.00 471.56
CarMichael 1994 41.13 8.88 338.06
Smigelow 1994, 1995 73.88 9.75 586.17
Herkimer Point 1994, 1995, 19962 209.50 79.75 432.13
Burnham Woods 1994, 19952 22.25 4.00 293.63
Hay 1994, 1995 50.00 15.00 237.00
Wornoff 1995 109.06 17.38 239.31
Ted Spearing 1994, 1995, 19962 69.63 14.88 342.19
St. John 1994 364.88 15.19 412.88
Whistance-Smith 1995 364.88 13.06 428.94
TRT-medium 1995, 1996 2,352.75 14.81 747.13
Brackenridge 1994, 1995, 1996* 79.69 32.25 283.81
Howson 1994 123.56 61.44 376.94
Stewart’s Woods 1995 132.36 45.63 429.13
Pickett 1994 510.75 163.00 464.69
Fleetwood Creek 1994, 1995, 19962 748.94 79.69 558.63
TRT 1995, 1996 2,352.75 133.00 593.06
Long Sault 1995, 19962 2,352.75 350.88 618.69
Torchia 1996 2,352.75 99.00 781.44
TRT-small 1995 151.50 5.63 511.50
McColl-Large 1995, 1996 227.25 22.00 402.00
McColl-Small 1995, 1996 227.25 2.40 395.06
Cowey 1995 79.63 24.69 389.69

»New area was surveyed within repeated sites.

whichever came first (Gibbs and Faaborg 1990, Vil-
lard et al. 1993). If a male was no longer in sight or
could not be heard, timing was stopped until the
male could be relocated. If the male was not discov-
ered within 5 min, then the session was terminated
and restarted at a later date. Territorial males were
classified as paired if they were observed interacting
with a female, calling to a mate, carrying food or
nesting material, or defending or feeding fledglings.
During the preincubation period, pairs were readily
detected by the female’s high tsip calls (Lein 1980),
which frequently are given during male-female in-
teractions and in response to the mate’s song. Males
classified as unpaired were visited later in the season
to verify their status.

We combined data sets on density and pairing suc-
cess from all three years of the study and treated
each woodlot as an independent observation. Data
collected from fragments sampled in more than one
year were averaged regardless of whether a different
plot was established within the site (for eight wood-
lots; Table 1). We conducted multiple regression

analyses to determine the relative effect of total
woodlot area, core area, and amount of local forest
cover on the number of territorial males and percent
pairing success. We used local forest cover as a mea-
sure of the degree of patch isolation based on the
amount of forest cover within a 2-km radius of the
site (determined from LANDSAT data and a geo-
graphic information system).

Food abundance—Ovenbirds feed primarily by
walking slowly and continuously, gathering inver-
tebrates from litter on the surface of the forest floor
(Holmes and Robinson 1988, Van Horn and Donovan
1994). In 1995, a preliminary study was done to de-
termine if there were any differences in Ovenbird
food abundance among woodlots of varying size.
Significant differences were found at nest sites with-
in 17 woodlots, warranting a more detailed evalua-
tion of food abundance in 1996.

In 1995, litter samples were collected in August
from 0.25-m? quadrats in 17 woodlots ranging in size
from 0.25 to 361 ha in core area. All litter was col-
lected within the quadrat, down to the humus layer
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where decomposition occurred, and litter depth was
measured to the nearest 0.1 mm. Within each wood-
lot, one sample was collected 5 m from each of a max-
imum of five Ovenbird nest sites (where nests were
located) or within male territories (hereafter both are
termed “territory sites’’). Leaf litter was sifted by
hand; invertebrates were placed in 75% ethanol and
then air dried and weighed after 24 h.

To save time in processing invertebrates in 1996,
litter samples were collected from smaller 0.018-m?
circular quadrats within nine woodlots ranging in
size from 0.13 to 361 ha in core area (22 to 2,353 ha
total woodlot area). We collected three or four sam-
ples from randomly selected sites within each wood-
lot (including both core and edge habitats), and one
sample from each of three Ovenbird territories, and
measured litter depth to the nearest 0.1 mm. One lit-
ter sample was collected early (21 May to 16 June),
middle (17 June to 17 July), and late in the breeding
season (18 to 31 July) at each site, yielding a total of
163 samples. All samples were collected between
1000 and 1300 on days without rain or high winds.
Each sample was placed in a Berlese funnel under a
25-watt bulb for 48 h (Stenger 1958). Litter inverte-
brates were placed in 75% ethanol, counted, and
measured. Dry mass was taken from a subsample of
invertebrates and extrapolated to give the relative
mass of litter invertebrates from each sample at each
site.

Because Ovenbirds do not seem to feed selectively
(Stenger 1958), we assumed that all of the litter or-
ganisms in our samples were potential food items. In
1996, there was no significant difference (P = 0.43)
in seasonal changes in prey abundance, so all sam-
ples were grouped regardless of the day they were
collected.

We analyzed the invertebrate data from each year
separately due to differences in sampling and sort-
ing techniques. We found a stepwise relationship be-
tween woodlot size and area, warranting an ANOVA
test. Woodlots <20 ha in core area formed one group
(¥ = 6.76 ha, range 0.06 to 17.38 ha), and woodlots
>20 ha formed a second group (¥ = 99.21 ha, range
22 to 351 ha), which we subsequently termed small
and large woodlots, respectively. Because variance
was proportional to the mean for litter biomass, we
log-transformed this variable prior to analysis. We
used the split-plot model (PROC GLM; SAS Institute
1985) to remove variation caused by multiple sam-
ples within the same woodlots from the total varia-
tion. With this design, we specified the error term as
woodlot nested within size class to determine the ef-
fects of woodlot size and sample (nest site vs. ran-
dom site) on biomass of litter invertebrates.

Nest-site selection.—Microhabitat was measured
from mid-June to mid-August at 32 random and 36
nest sites in 1995 and at 38 random and 35 nest sites
in 1996. A 1-m radius circle centered on the Oven-
bird nest was used to determine nest-site microhab-
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itat (Petit et al. 1988). At each site the following vari-
ables were measured: (1) distance and direction to
the nearest edge; (2) litter depth; (3) percent nest
concealment; (4) percent cover of litter, bare ground,
and vegetation in all layers from the herbaceous lay-
er to the canopy; (5) percent slope; (6) nest position
along a slope; (7) distance to nearest tree in the four
cardinal compass directions; and (8) basal area of
living and dead trees (using a prism sweep). Most of
these variables have been deemed as important pa-
rameters for describing Ovenbird habitats elsewhere
(Sweeney and Dijak 1985, Van Horn 1990, Van Horn
and Donovan 1994). Two-way ANOVA was used to
examine the effects of sample (random vs. nest),
woodlot size (small vs. large), and the interaction be-
tween these effects on the various nest-site habitat
variables.

We measured litter depth during nest-site evalua-
tion and combined the data with measurements
taken when litter samples were collected. Because
the data exhibited the same step-function relation-
ship with a break at 20 ha, we analyzed them using
the same split-plot design used in the analysis of lit-
ter invertebrate mass.

REesuLTs

Density estimates.—QOvenbirds were virtually
ubiquitous in our study area, occurring in 66 of
the 69 woodlots surveyed. Point-count data re-
vealed a significant increase in the number of
singing males with increasing woodlot core
area (F = 5.99,df = 1 and 67, P = 0.017). Wood-
lot area and local forest cover did not contrib-
ute significantly to the multiple regression (P >
0.15 and P = 0.11, respectively). Based on spot
mapping, Ovenbird densities ranged from 0.33
males per 10 ha on the smaller woodlots to 8.3
males per 10 ha on the largest fragment, and
increased significantly with increasing wood-
lot core area (r> = 0.638, F = 51.04, df = 1 and
29, P < 0.0001). The abundance indices ob-
tained from point counts were significantly (al-
beit weakly) correlated with the density of ter-
ritorial males calculated from spot mapping (r
= 0.36, P = 0.048).

Pairing succes.—Ovenbird pairing success in-
creased most significantly with increases in
woodlot core area (r2 = 0.684, F = 62.86, df =
1 and 29, P < 0.0001; Fig. 1). Pairing success
ranged from 0% on the smallest fragments to
100% on the largest fragments. Pairing success
was not significantly correlated with point-
count density indices (r = 0.30, P = 0.11) but
was highly correlated with densities of terri-
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Fig. 1. Relationship between woodlot core area

and pairing success of territorial male Ovenbirds.
Data were collected from 1994 to 1996 in Ovenbird
territories from 31 different woodlots ranging from
0.06 to 351 ha in core area.

torial males obtained from spot mapping (r =
0.74, P < 0.0001).

Food abundance.—Biomass of litter inverte-
brate was significantly higher within Ovenbird
territories than at randomly located sites (1996,
F =584, df = 1and 9, P = 0.046) and signifi-
cantly higher in large compared with small
fragments (1995, F = 10.52, df = 1and 15, P =
0.005; 1996, F = 5.59, df = 1 and 7, P = 0.05;
Fig. 2). In large fragments (>20 ha in core
area), invertebrate biomass within Ovenbird
territories was 10 to 36 times higher than in for-
ests <20 ha. Average invertebrate biomass was
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FiG. 2. Biomass of litter invertebrates (¥ = SE)
within Ovenbird territories and at random sites in
small (<20 ha core area) and large (=20 ha) wood-
lots. Data are presented for nest sites only in 1995
because no samples were collected from randomly
located sites within the 17 woodlots (n = 51). In 1996,
163 litter samples were collected from 9 woodlots.

higher at random sites in large woodlots than
at nest sites in small woodlots.

Nest-site evaluation.—In general, Ovenbird
nest sites were located on mid- to upper slopes
and were characterized by low percent cover of
bare ground (<7%), moderate herbaceous and
sapling cover, low seedling and shrub cover,
high canopy cover, deep litter layer, moderate
slope, and distances of about 3 m from the near-
est tree (Table 2). Of these characteristics, dis-
tance to edge, litter depth, percent cover of bare
ground, and percent cover within the seedling

TaBLE 2. Microhabitat characteristics (¥ = SE) at Ovenbird nest sites and randomly selected sites. Variables
were measured at 70 random sites and 71 nest sites within 31 forest fragments to determine the effects of
sample (random vs. nest) and woodlot size using two-way ANOVA.

Small fragments

Large fragments

Characteristic Nest Random Nest Random Fa P PP P
Dist. from edge (m) 125.51 (18.48) 81.92(8.93) 250.78 (29.20) 192.14 (31.38) 7.24 0.008 22.32 0.0001
Bare ground (%) 11.12 (2.88)  18.00 (4.06) 4.83 (2.46) 5.91(1.70) 2.64 0.101 8.75 0.0037
Litter (%) 57.07 (6.16)  61.88 (5.66) 82.26 (3.41) 77.45(4.46) 0.38 0.540 1594 0.0001
Herbaceous (%) 45.81 (5.91) 25.82 (4.81) 25.78 (3.23) 25.44(4.38) 3.43 0.066 4.80 0.030¢
Seedling (<0.5 m;

%) 12.28 (3.13) 7.37 (1.82) 28.13 (3.56)  25.62 (4.03) 3.51 0.060 27.29 0.0001
Shrub (0.5 to 2 m;

%) 13.04 (3.14) 11.91 (2.51)  26.45(4.87) 32.41(5.76) 0.00 0.963 14.61 0.0002
Sapling (2 to 10 m;

%) 24.60 (5.69)  27.62 (4.90) 27.34 (5.19) 4648 (6.24) 3.20 0.076 3.77 0.055
Canopy (%) 78.00 (3.92) 67.01(5.07) 72.63(5.19) 69.14(5.20) 1.82 0.180 0.09 0.760
Slope (%) 9.31(1.32) 11.36 (1.66) 10.64 (1.46) 10.67(1.30) 0.34 0.563 0.02 0.880
Nearest tree (m) 3.31 (0.50) 4.04 (1.14) 3.16 (0.20) 2.50(0.19) 0.04 0.851 1.60 0.208
Basal area (m?/ha) 26.05(1.89) 27.10(1.51) 26.95(2.05) 24.41(1.80) 0.14 0.707 0.24 0.626

*Random vs. nest-site effect.

v Size effect.
<Significant interaction.
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F1G. 3. Litter depth (¥ = SE) within Ovenbird ter-
ritories and at random sites within small (<20 ha)
and large (=20 ha) forest fragments. In 1995, 94 lit-
ter-depth measurements were taken from 22 wood-
lots; in 1996, 216 measurements were taken from 11

woodlots.

layer were chosen in proportions that differed
from availability (Table 2).

Small forest tracts contained a significantly
lower percentage of litter, a higher percentage
of bare ground, and a significantly reduced
seedling layer and shrub layer (Table 2). More
important, random sites within small tracts
contained little core area, and hence had few
sites available for nesting at distances of 190 m
from the edge, i.e. distances that Ovenbirds ap-
pear to prefer (¥ = 190.3 = SD of 20.7 m). Small
tracts at randomly selected sites also lacked
deep litter, which is important in nest-site se-
lection by Ovenbirds (Fig. 3).

DiscussioN

We identified some of the factors that may
contribute to differential densities and pairing
success (and hence productivity) of Ovenbirds
on large versus small forest fragments. Small
woodlots seemed to be poor habitats for Ov-
enbirds in terms of food supply, with both ran-
dom and nest sites containing a low abundance
of litter invertebrates. Large forests contained
sites rich in food supply. However, because bio-
mass of litter invertebrates at randomly select-
ed sites was much lower than at nest sites, Ov-
enbirds appeared to have preferentially select-
ed territories rich in food within large forest
tracts. In small tracts, Ovenbirds were unable
to choose optimal habitats, and all sites may
have been poor with respect to prey biomass.
Therefore, the higher pairing success of males
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in large forests may have resulted from an
area-dependent change in food supply (Am-
buel and Temple 1983).

In our study area, habitat features (habitat
heterogeneity, plant species richness, canopy
cover) of woodlots within 0.04-ha circles were
similar (Burke unpubl. data). However, certain
microhabitat variables at nests, including dis-
tance to nearest edge and depth of leaf litter,
differed significantly with changes in woodlot
core area. Therefore, low pairing success may
have been caused by females selecting habitats
based on leaf-litter depth, a feature that might
be assessed directly or that might be correlated
with prey biomass. Villard et al. (1993) sug-
gested that female Ovenbirds avoid breeding in
areas that border open habitats. Because Ov-
enbirds avoided edges (see also Kroodsma
1984) and preferred a deep litter layer (see also
Van Horn 1990), females may have preferred
males with territories on large versus small
fragments, explaining the low pairing success
of males in small fragments. Females may be
more likely to select territories based on fea-
tures that enhance reproduction (nest-site
availability and food abundance), whereas
males may be more likely to select territories
based on features that enhance territory de-
fense or mate attraction (e.g. song perch avail-
ability; Sedgwick and Knopf 1992).

Edge effects may contribute to the apparent
area effects (Gentry 1989), and because they are
correlated with area, edge-related factors may
be causal mechanisms for area-sensitivity (Van
Horn 1990). Desiccation of leaf litter is most
pronounced near the forest edge and could
contribute to edge avoidance by nesting Ov-
enbirds (Wenny 1989). Ovenbirds forage al-
most exclusively on arthropods in the leaf litter
(Hann 1937, Stenger and Falls 1959), which are
particularly susceptible to desiccation (South-
wood 1966) that accompanies forest fragmen-
tation (Lovejoy et al. 1986). Sites with increased
relative humidity and moisture at the forest
floor, as well as increased litter depth, provide
a more favorable environment for litter arthro-
pods, and these factors are more typical of
large rather than small fragments (Saunders et
al. 1991). Female Ovenbirds may respond to
horizontal characteristics such as distance to
the nearest forest edge, which may influence
prey abundance through its effect on litter
moisture (Villard et al. 1993). They also may
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use habitat cues to assess habitat quality, such
as vegetational cues that reflect prey abun-
dance (Smith and Shugart 1987).

Forest edge appears to have a negative influ-
ence on Ovenbird reproductive success (Wander
1985, Gentry 1989, Van Horn 1990). In Missouri,
Ovenbird densities were lower within the first
100 m from the edge (Wenny et al. 1993), and
significantly fewer males with territories adja-
cent to forest edges were mated (Gentry 1989,
Van Horn 1990). Van Horn (1990) showed that
the response of Ovenbirds to forest edge ex-
tended 300 m into the forest, and distance to
edge seemed to be the most important source of
variance in pairing success (although litter
depth and tree height also were important). We
found that Ovenbirds avoided nesting near hab-
itat edges, which may have been due to in-
creased predation and parasitism by Brown-
headed Cowbirds (Molothrus ater) at nonforest
edges (Gates and Gysel 1978, Wilcove 1985,
Freemark et al. 1995).

As expected, larger tracts of forest contained
higher densities of Ovenbirds, and more terri-
torial males were paired in large tracts than in
small tracts. Based on preliminary results, there
also was an indication that nesting success in-
creased with increasing woodlot core area
(Burke and Nol unpubl. data). However, pairing
success was not correlated with densities based
on point counts. These results may provide for-
est management guidelines contrary to those
based on censusing techniques, because in many
chiefly monogamous species, such as the Oven-
bird, song output (and hence detectability) de-
clines severely once a bird is paired (Best 1981,
Gibbs 1988). Censuses conducted after pairing
has occurred may lead to the incorrect conclu-
sion that less-suitable habitats are preferred, be-
cause they are populated by a larger proportion
of singing (i.e. unmated) males than are the tru-
ly preferred habitats (Van Horne 1983, Gibbs
1988).

Our results are similar to those from other
regions where the landscape is heavily frag-
mented by agriculture and urbanization, in-
cluding New Jersey (Wander 1985), Missouri
(Gibbs and Faaborg 1990, Van Horn 1990, Don-
ovan et al. 1995) and eastern Canada (Villard et
al. 1993). The influence of local forest cover on
Ovenbird density and pairing success was min-
imal. Our patch-isolation measure contributed
little to the relationship between pairing suc-
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cess and landscape features, which highlights
the importance of preserving single large tracts
of forest regardless of landscape connectivity.
Compared with Ovenbirds in forest-dominated
landscapes, birds inhabiting fragmented land-
scapes are much more likely to suffer from re-
ductions in pairing success and food supply.
Recent evidence from forest-dominated land-
scapes in New Brunswick revealed that Oven-
birds within mature forest fragments sur-
rounded by plantations or regenerating stands
tend to exhibit low isolation and high connec-
tivity and are not subjected to the same adverse
effects to their food supply (Sabine et al. 1996).
It is less likely that edge effects, desiccation of
leaf litter, or sharp gradients in microclimate
and microhabitat would occur in forest-domi-
nated landscapes to the degree that is typical
of woodlot fragments surrounded by agricul-
ture. The higher connectivity of this landscape
would benefit organisms that have reduced dis-
persal capabilities, in particular litter-inhabit-
ing arthropods, compared with highly frag-
mented landscapes where organisms need to
disperse 100s or 1,000s of meters to the next
nearest patch. These results suggest that the
negative effects of fragmentation might occur
at a much larger fragment size in landscapes
dominated by agriculture than in those domi-
nated by forests (Sabine et al. 1996).

Although it has been suggested that forest
patches smaller than 5 ha in core area represent
intrinsically poor habitats for Ovenbirds (Wan-
der 1985), our results seem to indicate that the
highest-quality habitats (i.e. those with higher
prey abundance and higher availability of suit-
able nest sites) are not obtained in fragments
smaller than 20 ha in core area, or at least 80 ha
in total woodlot size. From a management per-
spective, we recommend that a single large
tract of forest with a core area greater than 20
ha is better for Ovenbirds than are several
small tracts (see also Freemark and Collins
1992). Tracts of forest with the lowest perime-
ter-to-area ratio also will provide the largest
amount of core interior habitat (Ranney et al.
1981, Temple 1986). Although Ovenbirds are
common throughout their range, further frag-
mentation or loss of habitat could lead to the
collapse of regional populations of some forest
birds, including Ovenbirds (Donovan et al.
1995). Habitat improvements may not be an ad-
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equate substitute for the presence of large
tracts of forest.

ACKNOWLEDGMENTS

We thank the private landowners and various con-
servation authorities for permission to work on their
lands. We also thank Martha Allen, Suzanne Board,
Wendy Dunford, Andrew Jobes, Nadele Flynn, and
Cam Stevens for assistance in the field and the lab.
Special thanks also go to Peter Burke for his advice
and countless hours of volunteer labor. This research
was supported in part by the Long Point Bird Ob-
servatory, the Ministry of Natural Resources EYC
funding, the Cooper Fund, an NSERC PGSb schol-
arship to D. Burke, and NSERC grants to E. Nol.

LITERATURE CITED

AMBUEL, B., AND S. A. TEMPLE. 1983. Area-depen-
dent changes in the bird communities and veg-
etation of southern Wisconsin forests. Ecology
64:1057-1068.

BEsT, L. B. 1981. Seasonal changes in detection of in-
dividual species. Pages 252-261 in Estimating
numbers of terrestrial birds (C. J. Ralph and J. M.
Scott, Eds.). Studies in Avian Biology No. 6.

BRITTINGHAM, M. A, AND S. A. TEMPLE. 1983. Have
cowbirds caused forest songbirds to decline?
BioScience 33:31-35.

CoLLins, L. 1983. Geographic variation in habitat
structure for the wood warblers in Maine and
Minnesota. Oecologia 59:246-252.

Donovan, T. E 1994. The demography of Neotrop-
ical migrant birds in habitat sources and sinks.
Ph.D. Dissertation. University of Missouri, Co-
lumbia.

Donovan, T. M., E R. THoMPSON 111, J. FAABORG,
AND J. R. PROBST. 1995. Reproductive success of
migratory birds in habitat sources and sinks.
Conservation Biology 9:1380~1395.

FrReemMARK, K., AND B. CoLLINS. 1992. Landscape
ecology of birds breeding in temperate forest
fragments. Pages 443-454 in Ecology and con-
servation of Neotropical migrant landbirds (J.M.
Hagan III and D. W. Johnston, Eds.). Smithson-
ian Institution Press, Washington, D.C.

FREEMARK, K. E,, J. B. DUNNING, S. J. HEJL, AND J. R.
ProBsT. 1995. A landscape ecology perspective
for research, conservation, and management.
Pages 381427 in Ecology and management of
Neotropical migratory birds (T. Martin and D.
Finch, Eds.). Oxford University Press, New York.

GATES, J. E., AND L. W. GYseL. 1978. Avian nest dis-
persion and fledging success in field forest eco-
tones. Ecology 59:871-883.

GENTRY, R. 1989. Variable mating success of the Ov-
enbird (Seiurus aurocapillus) within remnant for-

Ovenbirds in Forest Fragments

103

est tracts of central Missouri. M.A. thesis, Uni-
versity of Missouri, Columbia.

GieBs, J. P. 1988. Forest fragmentation, mating suc-
cess, and the singing behavior of the Ovenbird
(Seiurus aurocapillus) and Kentucky Warbler
(Oporornis formosus) in central Missouri. MLA.
thesis, University of Missouri, Columbia.

GiBBS, J. P, AND J. FAABORG. 1990. Estimating the vi-
ability of Ovenbird and Kentucky Warbler pop-
ulations in forest fragments. Conservation Biol-
ogy 4:193-196.

HaNN, H. W. 1937. Life history of the Ovenbird in
southern Michigan. Wilson Bulletin 49:146-235.

HiLLs, G. A. 1959. A ready reference to the descrip-
tion of the districts of Ontario, and its produc-
tivity. Ontario Department of Lands and For-
ests, Maple.

HoLMEs, R. T., AND S. K. ROBINSON. 1988. Spatial
patterns, foraging tactics, and diets of ground-
foraging birds in a northern hardwoods forest.
Wilson Bulletin 100:377-394.

HounskeLL, S. W.,, C. L. WAGNER, AND D. B. MAGEE.
1992. The use of remote sensing data in a GIS
for the assessment of forest landscape conser-
vation value. Pages 112-117 in Proceedings of
the 15th Canadian Symposium on Remote Sens-
ing (J. K. Hornsby, D. J. King, and N. A. Prout,
Eds.). Toronto, Ontario.

KrooDsMa, R. L. 1984. Effect of edge on breeding
forest bird species. Wilson Bulletin 96:426—433.

LEE, R. 1987. Forest climatology. Columbia Univer-
sity Press, New York.

LEIN, M. R. 1980. Display behavior of Ovenbirds
(Seiurus aurocapillus). I. Non-song vocalizations.
Wilson Bulletin 92:312-329.

Lovgjoy, T. E., R. BIERREGAARD, J. RANKIN, AND H.
SCHUBART. 1986. Edge and other effects of iso-
lation on Amazon forest fragments. Pages 257-
285 in Conservation biology: The science of scar-
city and diversity (M. E. Soulé, Ed.). Sinauer As-
sociates, Sunderland, Massachusetts.

PeTIT, K., D. PETIT, AND L. PETIT. 1988. On measur-
ing vegetation characteristics in bird territories:
Nest sites vs. perch sites and the effect of plot
size. American Midland Naturalist 119:209-215.

PorNELUZ], P, J. C. BEDNARZ, L. J. GOODRICH, N. ZA-
WADA, AND J. HOOVER. 1993. Reproductive per-
formance of territorial Ovenbirds occupying
forest fragments and a contiguous forest in
Pennsylvania. Conservation Biology 7:618-622.

RANNEY, J. M., M. P. BRUNER, AND ]. B. LEVENSON.
1981. The importance of edge in the structure
and dynamics of forest islands. Pages 67-95 in
Forest island dynamics in man-dominated land-
scapes (R. L. Burgess and D. M. Sharpe, Eds.)
Springer-Verlag, New York.

RAPPOLE, J. H., AND D. W. WARNER. 1980. Ecological
aspects of migrant bird behavior in Veracruz,
Mexico. Pages 353-393 in Migrant birds in the



104

Neotropics: Ecology, behavior, distribution, and
conservation (A. Keast and E. S. Morton, Eds.).
Smithsonian Institution Press, Washington, D.C.

Rossins, C. S. 1979. Effects of forest fragmentation
on bird populations. Pages 198212 in Manage-
ment of north central and northeastern forests
for nongame birds (R. M. DeGraaf and K. E.
Evans, Eds.). United States Department of Ag-
riculture Forest Service, General Technical Re-
port NC-51.

RoOBBINS, C. S., D. K. DAWSON, AND A. DOWELL. 1989.
Habitat area requirements of breeding forest
birds of the Middle Atlantic States. Wildlife
Monographs No. 103.

ROBINSON, S. K., E R. THOMPsON III, T. M. DONOVAN,
D. R. WHITEHEAD, AND J]. FAABORG. 1995. Re-
gional forest fragmentation and the nesting suc-
cess of migratory birds. Science 267:1987-1990.

SABINE, D. L., A. H. BOER, AND W. B. BALLARD. 1996.
Impacts of habitat fragmentation on pairing suc-
cess of male Ovenbirds, Seiurus aurocapillus, in
southern New Brunswick. Canadian Field-Nat-
uralist 110:688-693.

SAS INSTITUTE. 1985. SAS/STAT user’s guide, ver-
sion 6. SAS Institute, Inc., Cary, North Carolina.

SAUNDERS, D. A, R. J. HoBBs, AND C. R. MARGULES.
1991. Biological consequences of ecosystem
fragmentation. A review. Conservation Biology
5:18-32.

SEDGWICK, J. A, AND E L. KNOPF. 1992. Describing
Willow Flycatcher habitats: Scale perspectives
and gender differences. Condor 94:720-733.

SmiTH, T. M. 1981. Variation in territory size of the
Ovenbird (Seiurus aurocapillus): The role of hab-
itat structure. Ph.D. dissertation, University of
Tennessee, Knoxville.

SmrtH, T. M., AND H. H. SHUGART. 1987. Territory
size variation in the Ovenbird: The role of hab-
itat structure. Ecology 68:695-704.

SoutHwoOD, T. 1966. Ecological methods. Methuen,
London.

STENGER, J. 1958. Food habits and available food of
Ovenbirds in relation to territory size. Auk 75:
335-346.

STENGER, J., AND J. B. FALLS. 1959. The utilized ter-
ritory of the Ovenbird. Wilson Bulletin 71:125—
140.

SWEENEY, ]J. M., AND W. D. Dijak. 1985. Ovenbird
habitat capacity model for an oak-hickory forest.
Proceedings of the Annual Conference of South-
east Association of Fish and Wildlife Agencies
39:430-438.

BURKE AND NOL

[Auk, Vol. 115

TEMPLE, S. A. 1986. Predicting impacts of habitat
fragmentation on forest birds: A comparison of
two methods. Pages 301-304 in Wildlife 2000:
Modelling habitat relationships of terrestrial
vertebrates (J. Verner, M. L. Morrison, and C. J.
Ralph, Eds). University of Wisconsin Press,
Madison.

VaN HORN, M. A. 1990. The relationship between
edge and the pairing success of the Ovenbird
(Seiurus aurocapillus). M.S. thesis, University of
Missouri, Columbia.

VAN HORN, M. A, AND T. M. DONOVAN. 1994. Ov-
enbird (Seiurus aurocapillus). In The birds of
North America, no. 89 (A. Poole and E Gill,
Eds.). Academy of Natural Sciences, Philadel-
phia, and American Ornithologists” Union,
Washington, D.C.

VAN HORNE, B. 1983. Density as a misleading in-
dicator of habitat quality. Journal of Wildlife
Management 47:893-901.

VILLARD, M.-A., P. R. MARTIN, AND C. G. DRUM-
MOND. 1993. Habitat fragmentation and pairing
success in the Ovenbird (Seiurus aurocapillus).
Auk 110:759-768.

WANDER, S. A. 1985. Comparative breeding biology
of the Ovenbird in large vs. fragmented forests:
Implications for the conservation of Neotropical
migrant birds. Ph.D. dissertation, Rutgers Uni-
versity, New Brunswick, New Jersey.

WeLsH, D. A. 1989. An overview of the forest bird
monitoring program in Ontario, Canada. Pages
93-97 in Monitoring bird populations by point
counts (C. J. Ralph, J. R. Sauer, and S. Droege,
Eds.). United States Department of Agriculture
Forest Service, General Technical Report PSW-
GTR-149.

WENNY, D. G. 1989. Population density and area re-
quirements of three forest interior warblers in
central Missouri. M.A. thesis, University of Mis-
souri, Columbia.

WENNY, D. G., R. L. CLAWSON, J. FAABORG, AND S. L.
SHERIFF. 1993. Population density, habitat selec-
tion and minimum area requirements of three
forest-interior warblers in central Missouri.
Condor 95:968-979.

WICKWARE, G. M., aND C. D. Rusec. 1989. Ecore-
gions of Ontario. Ecological Lands Classification
Series No. 26. Sustainable Development Branch,
Environment Canada, Toronto.

WILCOVE, D. 5. 1985. Nest predation in forest tracts
and the decline of migratory songbirds. Ecology
66:1211-1214.

Associate Editor: L. ]. Petit



