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Nest predation is an important factor diminishing the breeding success
of passerine birds (Martin 1993), and appears to increase with habitat
fragmentation (Andrén et al. 1984, Wilcove 1985, Small and Hunter 1988.
Yahner and Scott 1988). Although small-scale increases in frapmentation
of forest habitat may increase avian richness and diversity by adding spe-
cies normally associated with successional habitats without decreasing the
diversity and abundance of forest-dwelling species (Derleth, et al, 1980
the effect of large=scale habitar fragmentation often is higher rates of nest
predation at the habitat edge (reviewed by Paton 1994). Other studies
have demonstrated that predation is not always higher at the habitat edge
(Storch 1991, Haskell 1995, Hanski er al. 1996).

Although elevated rates of predation at the forest edge may extend
100-150 m into the forest, predaton rates typically are much greater
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within 50 m of the edge than they are =200 m from the edge (Paton
18984}, The reasons for this increased predation at the edge are not clear.
Although the edge may attract a concentration of generalist predators.
Heske (1995) found that activity levels of furbearers and abundance of
small mammals at edges were not significantly higher than in forest in-
teriors for agricultural/torest landscapes in Ninois, The edge effect may
represent a different set of predators foraging there than those destroving
eges in the forest interior. Few studies have amempred to identify the
species of predators involved or to examine the hypothesis that the spe-
cies richness and/or species compasition of the community of predators
visiting the nests of birds at the forest edge is significanty different than
that in the forest interior. Therefore, we examined this question by com-
paring predation at artificial ground nests at the ecotone berween mead-
ow/cropland and forest to that for the interior of large tracts of eastern
deciduous forest. We hypothesized that (1) the composition of the pred-
aLor community '-'mnng nests at the edge would differ significantly from
that for the forest interior, {2) the predation rate at the forest edge will
be higher than that in the interior, and (3) the number of species of
]‘J-l't'd'.u{n':i at the edge will be higher than that in the interior.

METHODS

This research was conducted at five locations near Hawk Mountain
Sanctuary, Kempron, Pennsylvania (40°38'N 75°39'W). Three of our lo-
cations (Turn, Bailev, and Robertson farms) were on private properties
within the forested south slope of Blue Mountain east of Eckville; one
wis on State Game Lands in the same valley but in the east slope and
near Pine Swamp. The last was on Weiser State Forest lands northeast of
Port Clinton, Pennsylvania and at least 8 km west of the other four sites.
In general the landscape mawix of the area consisted of large blocks of
approximately equal amounts of forested and agricultural land,

All fve study locations were at least 1.5 km from each other and situated
in a large (>200.000 ha) secondgrowth forest dominated by trees esti-
mated to be at least 40 yr old {and in many areas as much as 60-100 yr
old), The most common overstory species were red and white oak { Quer-
eus ridra and O alba), beech (Fagus grandifolia), hickories { Carya spp.),
sugar and red maple [ Acer saccharum and A. rubrum), with some hemlock
( Tiuga canadensis), and white pine (Pinus strobus).

At each location an edge study site and a forest interior study site were
designated. Forest edge sites were located in “hard" edges (sensa Fenske-
Crawford and Niemi 1997) within 15 m distance of cropland or hay mead-
ows and ranged from being thick brambles to open stands. Most were
used selectively for wood cutting. The interior sites were rocky, upland
areas with much large coarse woody debris, and were =300 m from the
farm/ forest edge and approximately 300 m from the corresponding edge
study site. Although we defined our edge as the ecotone between agri-
cultural and forested lands, we placed all the interior sites =150 m from
all fire and jeep roads, hiking trials, and forest gaps of =10 m radius.
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Each smtion was equipped similarly to that of Major (1991} with one cup-
shuped woven aviculture nest (10-cm diameter and 5-cm depth) and one
remote camera located abour 1.3 m from the nest. Each nest contained
one Japanese Quail egg (Coturnix coturnix) that was positioned so that
when the egg was disturbed a length of fishing line would pull a prop
from the spring-loaded lever mechanism. thus depressing the camera
shutter butten, The nests were located on fallen logs, stumps, or rocks
about 0.25-0.5 m off the ground in brambles and other inconspicuous
locations and camoutlaged with natoral materials. Each morning the sta-
tions were checked, and the eggs replaced if they had been broken or
removed. Because each nest/camera unit had to be reset after each dis-
turbance, and thus each unit eould record onlv one even per 24h period.
two nest/ cumern units were placed 10-15 m apart at each site o record
anv other predator activity at that site during the 24-h period. In the few
cases where the visitor to the second nest was the same species as the
frse, we assumed that it was the same individual and did not include the
second visit in the analysis,

The study was conducted in late May of 1994, 1995, and 1996 and at
the height of songbird egg laving. Sampling was conducted for 10 con-
secutive nights in 1994, 17 nights in 1993, and 15 nights in 1996. The
Weiser State Forest location was used in 1995 and 1996 only. All cameras,
nests and eggs were treated in the same way so that the effect of human
seent would be equally distributed across locatons and sites. The nests
were stored outdoors for 10=14 d hefore use o minimize human odors.
Although we atempted to minimize the number of persons and the
length of time spent at each nest, used disposable latex gloves when han-
dling the eggs and tied not to generate visually obvious trails o the
stations, we made no additonal efforts wo cover scent trails or to approach
the nests from dilferent directions.

RESULTS

Ninety-two photographs of potental egg predators were taken in 800
camera-nights (Table 1). Seven additional photographs, one each of
White-tailed Deer { Odocoileus wirgintanus), Red-eved Vireo ( Vireo oliva-
cens), and Ovenbird and four photographs of bats, were excluded from
the analysis because they appeared to be photographs of individuals thar
tripped the camera trigger wire incidentally to their movement and dem-
onstrated no pbvious attracton to the nest or egg. In decreasing order
of abundance raccoons, sciurids { Glaucomys velans, Sciurus caralinensis,
Tamiar striatus, and Marmeta monax), and female Balimore Orioles (fe-
terus galbuia) were the most commonly photographed visitors at the nests.
Differences in the species lists for the edge and interior were slight. Gray
Catbirds (three photos), woodchucks (Marmota monax, three), opossum
(Didelphis virginiana, three), and black bear (Ursus americanus, one)
were photographed only at edge sites. One Blue Jay ( Cyanocitta mnstata)
and a whitefooted mouse (Peromyscus leucopus) were recorded only in
the interior. The relative frequency at which predator species were pho-
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tographed was similar in each habiwmc (v = 0.97, P < 0,03, df = 93, In
addition, the number of 5}::{.1:1-::5 of pn_d.u_u[:. phnmgﬂphm! at the edge
was higher than that in the interior for oniv three of the five ]m:.umm
(Table 1). There was no significant difference in the number of species
phowgraphed at the edge (Table 2} compared to the interior (F, =
0.68, P = (.48},

The number of photographs of predators taken at the edge was greater
than that for the interior for three locadons and equal to that in the
interior for one other locaton. Owverall, however, the mean number of
photographs (11 and 7.4 for edge and interior, respectively) did not differ
significantly from that for the interior (£, = 4533, P = 0.10).

Nest predation rate was higher at the forest edge than in the interior
(Fo= 918, P = 0.039) with 116 eggs removed or destroved during 200
camera nights at the edge sites compared to only 53 eggs in 400 camera
nights at the interior sites (Table 2). Overall predation rates among the
Ave locations were not significantly different (., = .22, P = (1,994,

MSCUSSION

A variery of factors influence rates of nest predation along forest edges
including the landscape matrix, structure of the edge, and nature of the
habitats producing the edge (Wilcove 1985, Seitz and Zegers 1993, Hanski
et al. 1996, Buyne and Hopson 1997, Donovan et al. 1997), For example.
using artificial nests to simulate the nests of ground-nesting Ruffed
Grouse | Bonasa winbellus), Hogrefe, et al. (1998) found significantdy high-
er rates of disturbance in suburban rather than rural lindscapes wh ich
they auributed to higher densities of American Crows | Corvus brachyriyn-
cfas) in the suburban landscape. The higher incidence of egg luss at the
edge than in the interior in our study was consistent with the results of a
number of other studies conducted in agricultural situatons (Gates and
Gysel 1978, Wilcove, 1985, Andrén and Angelstrom 1988, Small and Hune-
er 1988, Linder and Bollinger 1995). The results of Hanski et al. (1996).
whe found no edge effect in the nestng success of passerines, mav be
due in part to the regenerating forest nature of their landscape. In agri-
cultural areas, where the species and abundance of predators utilizing che
Reld marrix may depend a great deal upon Rrming practices. the forest
edge may arract generalist predators from the field marrix who then
concentrate their activities some distance into the forest. In regenerating
torest landscapes. however, the edge may not auract forest-dwelling pred-
ators from the interior (Fenske-Crawford 1997). For agriculoural/forest
landscapes in linois activity levels of furbearers and abundance of small
mammals at edges were not significantly higher than in forest interiors
(Heske 1993): the highly fragmented character of this forest landscape
may explain the lack of a significant edge effect on predator abundance,
Indeed, the higher rates of predaton on edge habitat nests may be due
in part to higher levels of predation in saplings (Marini et al, 1995},
Noojibail (1994) found that small mammals were more abundant and
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thuat Owenbirds suffered lower reproductive success in small forest plots
than in forest plots greater than 100 ha.

Artificial nests can provide accurate informartion concerning trends in
rates of prediation (Wilson, et al, 1998), although they underestmate the
actual nesting success of real nesis. Several studies have shown char Jap-
anese Quail egzs may be too large for mice to depredate, thus this tech-
nigue may underestimate the significance of smallmouthed predarors
(Roper 1992 and Haskell 1995). Indeed, Leimgruber et al. (1994 used
cameras to detevmine that white-footed mice, as well as Gray Squirrels,
were frequent visitors to artificial nests and thus may be importane nest
predators for small passerines. Other studies implicate mice as potentially
important egg predators (Maxson and Oring 1978, Noojibail 1994
DeGraaf and Maier 1996, Bayne and Hopsen 1997). Because our camera
apparatus was designed to trigger the shutter whenever the egg was
moved in irs holder, we think thar visits by mice would be recorded even
i the mouse was unable o break or carry the egz. Nevertheless. the
potential insensitivity of our technique o smallmouthed predators mav
expluin the differences in the relative imporance of mice in our study w
that of Bavne and Hopson (1997), who used plasticine models of eggs
and tound that mice were the major predators of egpgs in ground nests at
dgricultural edges. They found, however, that artoficial nests on the
aronnd and locuted ae the forest edee in agricultural landscapes suffered
significantly higher rates uf predation than did tdqe and interior nests in
continuous foresc and ]D{{E‘Ld landscapes. which is consistent with our
results, The difference in the number of photographs and the number
of ears we found destroyed (Table 21 may be due to some combination
af (11 weather effects, (2) shutter and camera bactery failures (which
seern o e inherent in this type of camera trigger mechanism), (5) the
potential insensitivity of the apparatus to record small-mouthed predators.
aned (4) our decision not to include conspecific visitation o the compun-
iwon nest/camera unit at the site during the same 24-h period,

RBaccoons are common predators in forested, suburban, and rural Tand-
scapes tnoeastern North America that consume a variery of food items
including bird eggs (Hoffmann and Gouschang 1977, Lowze and Ander-
son 1979, and Merrite [1987). Raccoons were predators at nests in several
studies {Pioman 1988, Reitsma er al, 1990, Leimgruber et al. 1994, Jobin
and Picman 1997). Although raccoons were not photwographed ac their
artificial nests, Fenske-Crawford and Niemi (1997) observed them in the
muosaic of regenerating and mature forest in their stdy area, Raccoons
were the most common visitors in the farm/forest landscape of our study.
It is possible thar individuals learned the locations of our sites and re-
turned periodically to the nests, or that they followed our scent trails;
thus intlating the incidence of predation by raccoons. The repeated visi-
tation to the same nests by Baltimore Orioles and Gray Catbirds suggests
that they muay be targeting and destroving the eges of potential compet-
itars within their territories, Both sexes are aggressive defenders of ter-
ritories during the nesting season in these two species. Sealy (1994) re-

=




214 | LA Aeners et al, I, Farled tomirlias

Bppig HE

ported acts of egg destruction by both the Grav Catbird and Baltimore
Oriole, and Picman (1988) found Gray Catbirds were important predators
of quail eggs in an experiment with artificial nests.

Although we photographed eleven species of nest visitors during this
study, each site was visited by at most only five species. Because predators
destroved eggs so infrequently and sporadically among sites, even though
the habitat appeared 1o have the potental o support many types of pred-
ators, we speculate that this predation mav be incidental to their normal
patterns of foraging (sensu Vickery er al. 1992}, although we have no dam
concerning the abundance and foraging movements of predators relative
to the distribution of nests and other potential food items.

No obvious differences existed in the predator communities of forest
edge and interior. The presence of woodchucks and Gray Cathirds at the
edge are consistent with the habitat preferences of these species. Togeth-
er. however. they only represent 6 of 55 (11%) of all visits to the edge
nests and only 2 of 11 species of nest predators and seem unlikelv 1o
account for the higher rate of egg destruction at the forest edge. Unlike
Bayne and Hopson (1997), we found that species richness of predators
at the edge did not differ from that in the forest interior. This difference
in findings mav be due to the differences in landscapes. Our area was
about 50% agricultural and 50% forested (both in large blocks); their
farm area was 70% agricultural use and the forest patches were small (0-
45 ha). The community of predators at the edge in our soudy 18 not much
different than that in the interior of the forest. Heavier predation at the
edge may be the result of greater abundance and diversity of porential
prey, or the ease of hunting, or other factor that concentrates predators
at the edge, but apparently is not due to a significantly different mix of
predatory species at the edge.
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