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Abstract: Many species of Neotropical migrant songbirds are experiencing population declines. Degradation
of babitat on breeding grounds, particularly the fragmentation and isolation of forest babitats, has been sug-
gested as an important factor in the decline of these populations. Using artificial ground nests containing
quail and clay eggs, we compared risk of predation relative to the size of forest fragments, the proximity of
nests to forest edge, and the density of nests. Because small predators rarely can damage or remove quail eggs,
the loss of these eggs reveals activity by large predators. Small predators, however, often leave identifiable
claw and tooth marks on artificial eggs, and we used such marks to assess the importance of small predators
as nest predators. We found a negative correlation between predation rate and fragment size. Nest clustering
increased predation by large predators but did not affect small predator activity. No significant edge effects
on predation were apparent. The relative threat to nesting songbirds posed by small and large predators
changed with forest fragmentation. Large predator activity increased as forests become more fragmented. His-
torically, interior forest-dwelling birds bave been subjected primarily to small predator activity. The increased
large predator activity we documented, against which songbirds bave no defense, could be partially responsi-
ble for recent population declines.

Efectos del Tamafno de Fragmento de Bosque, Densidad de Nidos y Proximidad al Borde en el Riego de
Depredacion de Aves Paserinas que Anidan en el Suelo.

Resumen: Muchas de las especies de aves canoras neotropicales migratorias estan experimentando disminu-
ciones poblacionales. La degradacion del babitat en las dreas de reproduccion, particularmente la fragment-
acion y el aislamiento de los babitats boscosos ban sido sugeridos como factores importantes en la dismi-
nucion de estas poblaciones. Mediante el uso de nidos artificiales con buevos de codornices y barro,
comparamos el riesgo de depredacion relativa al tamavio del fragmento de bosque, la proximidad de los ni-
dos al borde del mismo y la densidad de nidos. Debido a que los depredadores pequerios raramente pueden
daiiar o remover buevos de codorniz, la pérdida de éstos revela la actividad de depredadores grandes. Sin em-
bargo, los depredadores pequerios dejan frecuentemente marcas de garras y dientes en buevos artificiales
porloque utilizamos éstas para evaluar la importancia de estos como depredadores de nidos. Encontramos
una correlacion negativa entre la tasa de depredacion y el tamaiio del fragmento de bosque. El hacinamiento
de nidos incremento6 la depredacion por depredadores grandes pero no afecté la actividad de los depreda-
dores pequerios. De manera aparente, no se encontraron efectos de borde significativos con respeto a la
depredacion. La amenaza relativa a las aves canoras por depredadores pequerios y grandes cambia con la
Jfragmentacion del bosque. La actividad de los depredadores aumenta a medida que el bosque se encuentra
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mads fragmentado. Historicamente, las aves que babitan en el interior del bosque ban estado primordial-
mente sujetas a la actividad de depredadores pequerios. El incremento en la actividad de depredadores
grandes en contra de aves canoras indefensas, podria ser parcialmente responsable de disminuciones pobla-

cionales recientes.

Introduction

Many species of Neotropical migrant land birds are ex-
periencing population declines (Robbins et al. 1989;
Terborgh 1989, 1992; Hagan & Johnston 1992). Degrada-
tion of habitat on the breeding grounds, particularly the
fragmentation and isolation of forest habitats, has been
suggested as an important factor in the decline of these
populations (Robbins et al. 1989; Hagan & Johnston
1992). Large tracts of contiguous forest are broken into
smaller fragments through urbanization, logging, and
road building. The amount of forest edge increases, core
forest area decreases, and vegetation composition and
structure change. Habitat loss of this kind has been im-
plicated in most studies addressing avian population de-
clines (Hagan & Johnston 1992; Robinson et al. 1995).
There is some question about whether bird populations
are most threatened by habitat alteration on breeding
grounds or wintering grounds (Rappole & McDonald
1994), but forest fragmentation on breeding grounds ap-
pears to have a multitude of negative effects (Hagan &
Johnston 1992; Bohning-Gaese et al. 1993).

Loss of forest area and concomitant vegetation alter-
ation may reduce the availability of suitable nesting sites
and cause crowding of nests in remaining habitat frag-
ments (Hagan & Johnston 1992; Holmes et al. 1996). In-
creased nest density has been shown to reduce nesting
success (Van Horn et al. 1995; Hagan et al. 1996). Frag-
mentation also creates avenues by which brood parasites
can access the nests of potential hosts. Brown-headed
Cowbird (Molothrus ater) parasitism severely affects the
reproductive success of many passerines (Wilcove 1985;
Terborgh 1989; Robinson et al. 1995).

It has been suggested that many of the changes associ-
ated with forest fragmentation alter the rate of nest pre-
dation, a major cause of reproductive failure in birds
(Ricklefs 1969). Several studies have found that de-
creased forest fragment size results in increased nest
predation (Wilcove 1985; Mgller 1988; Small & Hunter
1988; Yahner & Scott 1988; Hoover et al. 1995; also see
review by Paton 1994). This negative association be-
tween forest fragment size and rate of nest predation has
been attributed to increased nest density, edge-related
effects, or a combination thereof.

Gates and Gysel (1978) proposed that increased nest
density in small habitat patches, perhaps due to an in-
flux of birds displaced by deforestation, results in in-

creased predation. Hogstad (1995) found that clustered
nests were advantageous to Fieldfares (Turdus pilaris)
when avian predator density was high but disadvanta-
geous when mammalian predators were the primary
threat. The defenses of colonially nesting Fieldfares were
effective against corvids but not against mustelids. Major
et al. (1994) concluded that clustered nests experienced
higher predation (see also Picman 1988). Recently, Martin
(1996) demonstrated that when the microhabitat nesting
requirements of several species overlap, those species
face increased nest predation.

Bider (1968) found high utilization of ecotone habitat
by many different species. He suggested that forest
edges acted as “biological barriers” along which animals
forage. Preferential use of edge habitat by nest predators
may lead to increased nest loss in these “ecological
traps” (Gates & Gysel 1978). In a recent review, Paton
(1994) reported that 10 of 14 studies found a significant
edge effect on predation rates. This has important con-
servation implications because the size of habitat buffer
zones is a key element of management plans. Vander
Haegen and DeGraaf (1996) suggested that a riparian
buffer zone of at least 150 m is necessary to mitigate in-
creased predation along edges.

When addressing the effects of forest fragmentation
on nest predation, some researchers have examined di-
rectly the rates of predation on active songbird nests
(Hoover et al. 1995; Van Horn et al. 1995; Holmes et al.
1996). Most studies, however, have focused on indices
of predation risk using artificial nests containing quail or
chicken eggs. Recently there has been debate over the
appropriateness of using relatively large galliform eggs
to assess the risk of predation to passerine bird nests
(Roper 1992; Haskell 19954, 1995b0).

Small-mouthed predators such as mice (e.g., Peronzy-
scus sp.) and chipmunks (e.g., Tamias sp.), which are
effective nest predators on small passerine birds such as
parulid warblers, are unable to break the substantially
larger quail eggs (Roper 1992; Haskell 1995a, 1995b). In
some cases, small rodents may be more important preda-
tors of passerine bird nests than are larger carnivores
(Maxson & Oring 1978; Reitsma et al. 1990; Leimgruber
et al. 1994; DeGraaf & Maier 1996). Thus, experiments
that use quail eggs test only risk of predation due to
predators larger than chipmunks and may provide an un-
realistic measure of the true risk of predation for ground-
nesting passerines. Results from these studies may lead
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to spurious negative correlations between forest frag-
ment size and nest predation rates. Haskell (1995b6)
found that nest predation by small-mouthed predators
increased with fragment size, whereas predation by
large predators decreased. When predation by both
small and large predators was considered, there was no
correlation between fragment size and predation rate.

As an alternative to artificial nest experiments that use
quail eggs, some researchers have used artificial nests
with eggs constructed from clay (Mgller 1988, 1989;
Haskell 1995b). Clay eggs have advantages over quail
eggs in artificial nest experiments in that they closely
match the size of passerine eggs and they retain tooth,
bill, and claw marks from which predators can be identi-
fied. Some problems associated with clay eggs are that
they do not provide the same visual, tactile, or olfactory
cues as real eggs, and some potential predators such as
snakes may not respond to clay eggs. Thus, the design of
artificial nest experiments may seriously undermine the
validity of the results.

Another potential bias in studies of forest fragmenta-
tion and nest predation is that such studies have been
conducted almost exclusively in the midwestern and
northeastern portions of North America. Findings from
these studies have then been extrapolated to other areas
of the continent. The southeastern United States con-
tains a large proportion of the forested acreage of east-
ern North America (Alig et al. 1990), but no studies of
the effect of fragmentation on passerine nest predation
have been conducted in the southeastern United States.

We examined the relationship between forest frag-
ment size and relative rates of nest predation in a south-
ern Appalachian forest in Alabama. In our study, we at-
tempted to circumvent the egg-size problems discussed
above by using both quail and clay eggs. Our goal was to
study nest predation risk relative to forest fragment size,
with the realization that this sort of artificial nest experi-
ment yields only an index of relative nest predation risk.
We addressed three questions: (1) Does the rate of nest
predation increase as forest fragment size decreases? (2)
Does increased nest density lead to higher predation
rates? (3) Do nests close to forest edges experience
higher predation than nests in the forest core?

Methods

Forest Fragments

We conducted our study at Fort McClellan in northeast-
ern Alabama. Fort McClellan lies in the southern Appala-
chian region and supports stands of native hardwood
and mixed pine-hardwood forests (Shankman & Wills
1995). In a recent study at Fort McClellan by Soehren
(1995), point counts of Neotropical migrant songbirds
were conducted during the breeding season in 12 forest

Conservation Biology
Volume 12, No. 5, October 1998

Keyser et al.

fragments ranging in size from 4 to 849.4 ha. We used
the same 12 forest fragments identified by Soehren
(1995) plus four additional fragments.

The edge structure of forest fragments differed
slightly. Edges of the larger fragments were defined by
two-lane roads clearly visible on aerial photographs
taken during the summer, when the forest canopy is at
its most dense. Traffic along these roads was minimal
and often limited to troop movement. Large fragments
contained remnant dirt roads from World War II training
activities. Trees and understory plants had begun to col-
onize the roadbeds. These were not visible on aerial
photos and were not counted as edges. The smaller frag-
ments were bounded by power line servitudes, roads,
fields, parking lots, and residential neighborhoods. Even
though edge structure differed between fragment sizes,
however, the internal vegetative structure was nearly
homogeneous among fragments (Soehren 1995).

Within each fragment, points of known location (de-
termined by a global positioning system) established by
Soehren (1995) were used to position transects of 30 ar-
tificial nests along which nests were placed 20 m apart.
Our transects were located in areas where Soehren con-
ducted breeding bird point counts. Transects were ori-
ented toward the center of the fragment, and locations
were not used repeatedly.

Artificial Nests

We made a small ground scrape (~10 cm in diameter) in
the leaf litter to serve as a nest. Each artificial nest con-
tained two fresh Northern Bobwhite (Colinus virgin-
ianus) eggs and two gray plasticine (Roma Italian Plastil-
ina) eggs (average width 11.8 mm). Nests were
constructed and all eggs were handled with gloved hands
to minimize human scent (Whelan et al. 1994). All nests
were far enough from surrounding shrubbery to be
clearly visible.

The majority of nests were checked 7 days after place-
ment. Several transects in large fragments were checked
after 8 days because troop activities prohibited our ac-
cess on the seventh day. If this extra day of exposure in
large fragments had any effect, it made our test of de-
creased nest predation in larger fragments more conser-
vative. Missing or damaged eggs were noted, along with
any signs left by predators.

We were concerned only with categorizing predators
as small-mouthed or larger, and we used clues in the
depredated nests to implicate small-mouthed predators,
larger predators, or both (Fig. 1). To verify that some
small claw and tooth marks were likely made by small-
mouthed predators, we gave clay eggs to captive mice
(Peromyscus sp.). Claw and tooth marks left by small ro-
dent predators were compared to these samples. Bill
marks were compared to the bill dimensions of Blue Jay
(Cyanocitta cristata) and American Crow (Corvus
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brachyrbynchos) specimens. Larger canine and incisor
marks were compared to skulls of gray fox (Urocyon ci-
nereorgenteus), raccoon (Procyon lotor), and Virginia
opossum (Didelphis virginiana). White-tailed deer
(Odocoileus virginianus) left extremely large, apparent
molar impressions.

We did not attempt to identify predator species from
marks left in clay eggs. Instead we coded the damage as
left by small-mouthed predators (defined as gapes as
small or smaller than a chipmunk) or large predators (de-
fined as anything larger than a chipmunk, including Blue
Jay, American Crow, gray fox, raccoon, Virginia opos-
sum, and white-tailed deer. No index of snake visitation
could be estimated.

We calculated the proportion of nests depredated for
each transect. If either quail or clay eggs were damaged
or missing, we considered the nest depredated. Of the
damaged nests, some had both quail and clay eggs dam-
aged, some had only quail eggs damaged, and some had
only clay eggs damaged. Of the damage to clay eggs,
some was attributable to small-mouthed predators (Fig.
1). Overall nest fate was the independent measure. Con-
sidered separately, quail and clay egg fates were subsets
of overall nest fate, and obvious damage by small-
mouthed predators was nested within the clay egg sub-
set. These subsets were not independent.

The total proportion of depredated nests per transect
yields an index to predation rates within that fragment.
Only large predators are capable of damaging quail eggs
(Haskell 1995a). This means that analyzing quail egg loss
per transect yields an index to the activity of these pred-
ators. Likewise, analyzing damage attributable to small-
mouthed predators (as determined by tooth and claw
marks) yields an index to their activity rates within frag-
ments. Both of these indices are subsets nested within
the total predation index. As a result, they should not be
considered independent measures of the activities of
large and small predators. Instead they can be inter-
preted as measures of relative change in predator activ-
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Figure 1. Possible fate of eggs in ar-
tificial nests. An X indicates eggs
that were missing or damaged. In
the last scenario, in which botb types
of eggs are missing or damaged,
there are three possible options: (1)
large predator damaged all eggs; (2)
small predator visited first and then
large predator visited, obscuring
small predator signs; (3) large pred-
ator visited first and then small
predator visited, leaving distinct
Signs.

ity levels in different-sized forest fragments. The fates of
quail and clay eggs are intentionally correlated via exper-
imental design. All mammalian predators, large or small,
probably search for prey items using olfactory cues. The
scent of the real eggs is necessary to attract small preda-
tors to artificial nests, but clay eggs are necessary to
record their visits. The egg-fate subsets jointly contrib-
ute information regarding the total risk of predation to
passerine bird nests, but they do not allow us to make
reliable inferences about the true composition of the
predator community.

Effect of Forest Fragment Size on Nest Predation Rates

To test the prediction that the rate of nest predation in-
creases with decreasing forest fragment size, we placed
22 linear transects, each consisting of 30 nests placed 20
m apart in 10 fragments (Table 1). Five of these transects
were deliberately placed near the edge of large frag-
ments so that edge effects could be examined. The other
transects within large fragments were all located in the
interior. Each transect was a single unit of analysis (Ta-
ble 1). We used Spearman rank correlations to compare
forest fragment size in hectares and the proportion of
nests depredated in each transect.

Four fragments contained several transects. We con-
sider these transects independent because they were
separated by at least 500 m and a ridge. It is unlikely that
individual predators ranged widely enough to have af-
fected two transects. Many small fragments were closer
to one another than were transects within the large frag-
ments. Ideally we would have placed one transect per
fragment, but there were too few large fragments of for-
est remaining in the study region. We also report the re-
sults of Spearman rank correlations in which the frag-
ment is the unit of analysis and the predation rate was
calculated as the number of nests depredated divided by
the total number of nests within the fragment.

Conservation Biology
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Table 1. Distribution of transect types in 16 forest fragments
containing artificial nests.”

Transect type
Fragment (ba) Linear Grid Edge
849.4 3 (90) 1(30)
586.2 3 (90) 2 (60) 1 (30)
457.5 2 (60) 2 (60) 3 (90)
90.0 3 (90)
48.3 1 (30)
44.0 1 (30)
40.0 129"
36.0 1 30)
23.0 1.(30)
23.0 1.(30)
18.0 1 (30)
11.5 1.(30)
11.0 1 (30)
9.9 130
9.0 1 (30)
4.0 1.(29)°
Totals 17 (509) 10 (299) 5 (150)

“Number of nests in parentbeses.

bWhen checking the transects, we were able to locate only 29 out of
30 nests in these fragments. Proportion of nests depredated was cal-
culated out of 29 instead of 30 for these two instances.

Effect of Nest Density on Rate of Nest Predation

We predicted that increased nest density would increase
the rate of nest predation. To simulate clustered nests,
we placed 30 nests in a grid formation with 5 rows, each
20 m apart, and consisting of 6 nests that were 20 m
apart. These grid transects were in eight different forest
fragments (Table 1). As above, the unit of analysis was
the transect (Table 1). Using Wilcoxon rank sums, we
compared the proportion of nests depredated in these
10 transects to the proportion of nests depredated in the
22 linear transects described above.

Effect of Proximity to Edge on Rate of Nest Predation

Each of the 22 linear transects described above was lo-
cated on aerial photographs (scale 1 inch = 122 m) us-
ing global positioning information from Soehren (1995).
From the photographs, we calculated distance to the
nearest edge for each nest. Five of these transects were
placed 10 m from the edge of large fragments (Table 1).
This was done because all of the nests in small fragments
were closer to the edge than any of the nest transects in
the interior of large fragments. Using edge transects in
large fragments means that both the edge and the core
area were sampled for small and large fragments.

The fate of an individual nest is not independent of
the fate of neighboring nests because of the potential for
predator trap-lining. Thus it is not appropriate to use
nests as independent sampling points, but it is also not
meaningful to discuss mean distance from edge for an
entire transect.
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To address this question, we used the first, tenth,
twentieth, and thirtieth nest in each 30-nest transect as
the sample units for the analysis. For a single predator to
depredate two of these nests, it would have had to travel
at least 180 m and eat 20 quail eggs. Only nests from lin-
ear transects were included in this analysis. For one
transect we relocated only 29 of the 30 nests. As a result,
a total of 87 nests were considered (22 transects X 4
nests per transect minus one missing value). The mean
distance from edge of depredated nests was compared
to the mean distance from edge of intact (untouched)
nests with a two-tailed, unpaired 7 test.

For all hypotheses, we performed statistical analyses
for total nest fate (if one egg was damaged in any way,
the nest was considered depredated), quail egg fate, and
damage attributable to small-mouthed predators (as-
sessed by marks left on clay eggs as described above).

Results

Effect of Forest Fragment Size on Nest Predation Rates

There was a significant, negative correlation between
the total predation rate per transect (loss of either quail
or clay eggs within the nest) and fragment size (R, =
—0.50, n = 22, p = 0.02, Fig. 2a). Predation of quail
eggs was also significantly negatively correlated with
fragment size (R, = —0.54, n = 22, p = 0.01; Fig. 2b).
There was no correlation between predation events at-
tributable to small-mouthed predators and fragment size
(R, = 0.16, n = 22, p = 0.48, Fig. 20).

If transects are not independent within large frag-
ments, the appropriate unit of analysis is the fragment
(data from all transects combined). When each fragment
was used as the unit of analysis, the trends remained: to-
tal predation rate versus fragment size (R, = —0.60, n =
10, p = 0.07), quail egg loss versus fragment size (R, =
—0.52, n = 10, p = 0.12), and loss to small-mouthed
predators versus fragment size (R, = 0.39, n = 10, p =
0.27). The effect size of these tests remained the same,
but the much-reduced sample size and consequent re-
duction in statistical power caused the probability of
making a type 2 error to increase. In addition, nonpara-
metric tests are generally more conservative than para-
metric tests. Thus, the results of this second analysis still
appear biologically meaningful.

‘Whether the results of the first or second analysis are
more valid depends on the independence of transects
within fragments. There are so few transects in each
large fragment (Table 1) that a statistical test for inde-
pendence of transects is not possible. Visual inspection
of the data (Fig. 2) does not suggest greater correlation
within fragments than between fragments. To be an ade-
quate test of our hypothesis, the transects should be in-
dependent in terms of predators. In other words, each
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Figure 2. Forest fragment size in relation to propor-
tion of artificial nests depredated in each transect,
with the calculations based on combined quail and
clay egg fates, which provide an overall index of pre-
dation (a); quail egg fate, which provides an index of
large predator activity (b); and clay egg fate, which
provides an index of small-mouthed predator activity
(0 (m = 22 for all comparisons). Circles are propor-
tional to the number of overlapping data points (1, 2,
or 3).

transect should sample a completely separate set of indi-
viduals. If effects of fragment size are strong, however,
predation on each transect should be similar in similiarly
sized fragments. The lack of obvious pattern in the data
(Fig. 2) suggests that transects are independent in terms
of predators and that the analysis that uses the transect
as the sample unit is appropriate. It also suggests that
there may be a threshold fragment size above which a
large fragment is “large enough,” and predation rate will
not drop any lower no matter how large the fragment
gets.
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Effect of Nest Density on Rate of Nest Predation

We compared predation rate in linear transects (n = 22)
to the total predation rate in grid transects (n = 10) us-
ing Wilcoxon rank sums (Table 2). There was no signifi-
cant difference in total predation rate between the clus-
tered and unclustered nests (mean rank = 15.30, linear;
19.15, grid; z = 1.13, p = 0.26). Predation rate on quail
eggs, however, was significantly higher in the grid
transects than in the linear transects (mean rank =
14.25, linear; 21.45, grid; z = 2.03, p = 0.04). Losses at-
tributable to small-mouthed predators were greater in
linear transects than grids, the reverse of the pattern for
quail eggs, but this was not statistically distinguishable
(mean rank = 17.93, linear; 13.35, grid; z = —1.26, p =
0.21). Because both the quail egg fate and the clay egg
fate contributed information to the overall index of pre-
dation, the combination of these opposing trends ex-
plains the lack of pattern in the overall analysis.

Effect of Proximity to Edge on Rate of Nest Predation

When total nest loss was analyzed, there was no signifi-
cant difference between the mean distance from edge for
intact and depredated nests (intact: X = 234.5 m, n = 10;
depredated: X = 219.2m,n = 77;¢t = 0.18, p = 0.86). A
more pronounced trend was apparent when quail egg
loss was considered. Intact nests tended to be deeper
within the forest than depredated nests (intact: ¥ =
282.5 m, n = 30; depredated: ¥ = 188.6 m, n = 57),
but this trend was not significant (¢ = 1.64, p = 0.11).
There was no discernible effect of edge on small preda-
tor activity (nests depredated by small-mouthed predators:
X = 233.7 m, n = 43; nests where no small-mouthed
predator activity was evident: X = 208.6 m, n = 43; ¢t =
0.44, p = 0.65).

Discussion

As has been found in the northeastern and midwestern
United States (Wilcove 1985; Small & Hunter 1988; Yah-
ner & Scott 1988; Hoover et al. 1995), nest predation in-
creased as forest fragment size decreased in our south-
ern Appalachian study site. Our experimental design
allowed us to determine how the activity patterns of
both small and large predators contributed to the overall
pattern of nest predation that we observed. Small preda-
tor activity remained constant regardless of forest frag-
ment size, but large predator activity increased as forest
fragments decreased in size. Thus, songbirds nesting in
small fragments bear an increased predation burden. Ob-
viously this has important conservation implications. In
addition, the data suggest that there is a threshold frag-
ment size above which predation rates level off.

Conservation Biology
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Table 2. Wilcoxon rank sums test comparing proportion of nests depredated in linear versus grid transects.*

Predation First quartile Median Third quartile X z P
Total
linear 7.0 14.0 24.5 15.30 1.13 0.26
grid 15.0 24.5 24.5 19.15
Large predators
linear 8.5 13.5 20.5 14.25 2.03 0.04
grid 20.5 27.5 27.5 21.45
Small predators
linear 11.5 18.5 25.0 17.93 -1.26 0.21
grid 5.5 11.5 20.0 13.35

*Median, quartiles, mean, z statistic, and p value given for three comparisons: total predation in linear versus grid transects, predation by large
predators in linear versus grid tansects (large predators), and predation by small predators in linear versus grid transects (small predators).

We found that large predator activity was increased
among clustered nests. One short-term result of forest
patch reduction is increased avian density as north-
bound migrants settle into available breeding habitat
(Hagan & Johnston 1992; Holmes et al. 1996). For nest
predators this means an increase in available resources
and potentially a reduction of foraging effort. Clustered
nests should be equally advantageous to large and small
predators, but we found increased predator activity for
large predators only. The lack of clustering effects on
small predators may be due to a sampling artifact. In-
creased large predator activity is likely to mask small
predator activity and inhibit our ability to discern
whether or not small predators visited artificial nests.
When predation rates are high, saturation occurs (every-
thing is eaten within a transect), and small predator ac-
tivity is obscured.

Another element of the experimental design may have
influenced these results. A large predator that encounters
an experimental nest with quail eggs is likely to continue
to search the surrounding area for more such rewards.
Small predators get no food reward (they cannot break
quail eggs), however, so they may not be as likely to
keep searching. This may explain the nonsignificant re-
sults of nest clustering on predation by small predators.

Although there was a trend toward increased large
predator activity closer to the edge of fragments, we
found no significant effects of edge on predation rates.
Several previous studies also failed to demonstrate a sig-
nificant edge effect on nest predation (Yahner & Wright
1985; Angelstam 1986; Hanski et al. 1996; King et al.
1996), whereas other studies have noted a strong effect
(Gates & Gysel 1978; Andren & Angelstam 1988; Small &
Hunter 1988; Mgller 1989; Linder & Bollinger 1995).
This lack of consistency seems to be the rule rather than
the exception when edge effects are considered (re-
viewed by Murcia 1995). The ability to discern edge ef-
fects is confounded by the difficulty of differentiating
between edge types and between kinds of edge-matrix
interfaces, as well as by imprecise experimental design
(Paton 1994). We have not yet begun to quantify the
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many different biotic and abiotic factors that character-
ize edge habitats (Murcia 1995) and that will allow us to
elucidate the effect of edges on nest predation (but see
Hawrot & Niemi [1996] and Hanski et al. [1996] for a
consideration of vegetation characteristics and Angel-
stam [1986] for a discussion of edge-matrix effects).

Our study did not control for edge type. Although edge
structure was similar in all fragments, the habitat matrix
surrounding fragments included forest, fields, large roads,
residential neighborhoods, and parking lots. A forest cut
into patches by roads exists in a very different matrix than
does a patch surrounded by suburban backyards. The ef-
fects of edge structure (i.e., abrupt versus gradual) and
edge-matrix type have not been well studied, and yet it
seems likely that they have profound effects on local
fauna. In our opinion, the lack of discernable edge effects
in this study is due to these confounding factors. We are
currently investigating the effects of edge-matrix type on
nest predation rates in this study area.

We conclude that reduced forest size increases preda-
tion on ground nests and that nest clustering increases
predation of ground nests by large predators. Our results
suggest a causal link between increased predation rate,
fragment size, and the observed abandonment of small
forest fragments by Neotropical migrant songbirds. The
mechanisms behind this relationship will depend on
how avian activity is affected by changes in fragment
size and on how the predator community is influenced.
There are several possible mechanisms for future study:
(1) Decreased core forest area may lead to a propor-
tional increase in edge habitat in which predators prefer-
entially forage. (2) Packing predators into remaining
forest fragments may increase their densities. (3) Frag-
mentation may change habitat structure and vegetation,
altering the composition of the predator community. (4)
Birds attempting to nest in whatever forest patch re-
mains after fragmentation may lead to increased nest
density and thus increased predator efficiency. Mecha-
nisms 1-3 propose that forest fragmentation affects
predators, which in turn affect breeding birds. We con-
cur with Yahner (1996) that further studies should di-
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rectly investigate predator density, community composi-
tion, and habitat usage.

We found that the use of both quail and clay eggs in
the experimental design helped separate the activities of
small and large predators. This supports the contention
of Haskell (1995a) and Roper (1992) that experiments
that use only large eggs sample only large predators. We
did not find any significant trends in small predator ac-
tivity. This may be because small predator activity re-
mains constant regardless of fragment size. Our method
underestimates predation by small-mouthed predators,
however, and differences in the densities of small-
mouthed predators associated with fragment size may
have gone undetected. Clay eggs often showed the
marks of more than one species of predator. Tooth im-
pressions left by large predators can mask marks left in
the clay by small predators. Moreover, large predators
often completely removed clay eggs from the artificial
nests, leaving no evidence by which predator identity
could be determined. Future experiments should at-
tempt to obviate this problem by excluding large preda-
tors with exclosures that contain both quail and clay
eggs. Saturation effects can be reduced if transects are
checked after a shorter period of time (perhaps 3-4
days). There would then likely be fewer multiple visita-
tions (activity at a nest by more than one predator), and
it would be possible to find more nests that only small
predators had visited.

We advocate the continued use of both quail and clay
eggs in artificial nest experiments to differentiate the ac-
tivity patterns of small predators from those of large
predators under different kinds of habitat change. Modi-
fied methods are required to distinguish with confi-
dence nest losses due to small predators from those due
to large predators.

Point-count data from the same forest fragments that
we used in this study indicate that most Neotropical mi-
grant land birds have abandoned small forest fragments
(Soehren 1995). Whether or not this decline is causally
linked to increased nest predation remains to be re-
solved, but the patterns between nest predation risk and
forest fragmentation documented in our study suggest
that it is, at least, a contributing factor. The causal mech-
anisms behind avian responses to changes in landscape
structure, including fragmentation and alteration of
edge-matrix composition, need to be elucidated. The
composition of other trophic levels within habitat
patches may explain the variation in avian productivity
and patterns of abundance.
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