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Abstract: Habitat fragmentation may modify ecological patterns by increasing the importance of edge
effects, including elevating rates of predation on avian nests. Conventional wisdom suggests an increased rate
of predation along habitat edges, and previous reviews support this view. These reviews did not apply recent
statistical approaches, however, and some were based on a small number of studies. In our meta-analysis of
64 nest-predation experiments, our results supported prior reviews of the general pattern of increased nest
predation along habitat edges ( p < 0.01). We separated studies into ecologically relevant categories and found
the following patterns: (1) Edge effects were more pronounced in North America and northwestern Europe
than in central Europe or Central America. This result may be biased, however, by the different habitats studied
in the regions. (2) Marshes and deciduous forests had significant edge effects, whereas edge effects were not
apparent in coniferous forests, tropical forests, or fields. (3) Ground and natural nest studies were more likely
to exhibit edge effects. (4) Edge effects were detected in studies that used quail eggs and real eggs. (5) Edge effects
were not significant when artificial nests were exposed for typical incubation periods, but were significant for
shorter exposures. Three alternative hypotheses may explain increased nest predation along edges. The edge-
effects hypothesis states that increased nest losses along edges are the result of the habitat discontinuity. The
landscape-structure hypothesis states that more fragmented landscapes are more heavily depredated by nest
predators. The human-disturbance hypothesis states that near anthropogenic edges increased nest predation
is related to human activities. Nest-predation experiments should be placed in a landscape context to reveal
differences between the hypotheses.
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Evidencia de un Efecto de Borde Sobre el Éxito de Nidos de Aves

Resumen: La fragmentación del hábitat puede modificar patrones ecológicos al incrementar la importancia
de los efectos de borde, incluyendo el incremento de las tasas de depredación de nidos de aves. Convencional-
mente se cree que existiŕıa un incremento en la tasa de depredación a lo largo de los bordes de hábitat y
revisiones previas apoyan esta opinión. Sin embargo, estas revisiones no aplicaron métodos estadı́sticos re-
cientes y algunos se basaron en un número pequeño de estudios. En nuestro meta-análisis de 64 experimentos
de depredación de nidos, nuestros resultados apoyaron revisiones previas del patrón general de incremento
de depredación de nidos a lo largo de bordes de hábitat ( p < 0.01). Separamos a los estudios en categoŕıas
ecológicamente relevantes y encontramos los siguientes patrones. (1) Los efectos de borde fueron más pronun-
ciados en Norte América y el noroeste de Europa que en Europa central o América Central. Sin embargo, este
resultado puede estar sesgado debido a los diferentes hábitats estudiados en las regiones. (2) Las marismas
y los bosques deciduos tuvieron efectos de borde significativos, mientras que los efectos de borde no fueron
aparentes en bosques de conı́feras, bosques tropicales o campos. (3) Estudios de nidos naturales y terrestres
fueron más propensos a presentar efectos de borde. (4) Se detectaron efectos de borde en estudios que utilizaron
huevos de codorniz y huevos reales. (5) Los efectos de borde no fueron significativos cuando se expusieron
nidos artificiales por peŕıodos de incubación t́ıpicos, pero fueron significativos para exposiciones más cortas.
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Hay tres hipótesis alternativas que pueden explicar el incremento de depredación a lo largo de bordes. La
hipótesis de los efectos de borde enuncia que el aumento en la pérdida de nidos a lo largo de bordes es el resul-
tado de la discontinuidad del hábitat. La hipótesis de la estructura del paisaje enuncia que los paisajes más
fragmentados son depredados más intensamente por los depredadores de nidos y la hipótesis de perturbación
humana señala que el incremento de depredación de nidos cerca de bordes antropogénicos está relacionado
con estas actividades. Los experimentos de depredación de nidos debeŕıan ser colocados en un contexto de
paisaje para descubrir las diferencias entre las hipótesis.

Palabras Clave: amplitud de borde, depredación de nidos, efecto de tamaño, revisión, tipo de borde, tipo de
paisaje

Introduction

Habitat fragmentation is one of the main causes of the
recent impoverishment of biodiversity (Vitousek et al.
1997). Habitat fragmentation—that is, the conversion of
a formerly continuous habitat into small, isolated remnant
patches (e.g., Meffe & Carroll 1997), results in the loss of
wildlife habitat and increasing amounts of habitat edges
within the landscape. Edges may alter the distribution,
abundance, and behavior of organisms, which has been
termed the edge effect (Murcia 1995). The consequences
of habitat fragmentation and related edge effects can be
substantial. For example, the continental-scale decline of
some Neotropical migrant birds in northeastern America
has been attributed in part to increased nest predation and
cowbird parasitism near edges (Brittingham & Temple
1983; Wilcove 1985; Askins 1995; Robinson et al. 1995).
Indeed, pioneering work on nest predation in forests
showed higher nest-predation rates at habitat edges than
in interior habitats (Gates & Gysel 1978; Chasko & Gates
1982; Wilcove 1985; Wilcove et al. 1986; Andrén & An-
gelstam 1988). More recent reviews also concluded that
increased nest predation at the edges is commonly oc-
curring across many landscapes (Paton 1994; Hartley &
Hunter 1998).

Nest predation is important because the loss of nests
and broods is the main cause of reproductive failure in
birds (Ricklefs 1969; Martin 1995, 1996), representing
roughly 30% of failure events (Martin 1995; Martin &
Clobert 1996; Báldi 1999). Not surprisingly, the number
of studies of nest predation in relationship to edges in-
creased after these pioneering studies in which either
real or artificial nests were used.

Paton (1994) used a large data set of 41 experiments
to calculate likelihood-ratio chi square for each experi-
ment and summarized the results with a “vote-counting”
approach. Hartley and Hunter (1998) used Fisher’s exact
test for each experiment and the vote-counting method,
but on a smaller data set. There are two limitations to vote-
counting analyses. First, conventional null hypothesis sig-
nificance tests are not adequate because one expects a
priori the rejection of the null hypothesis (Anderson et
al. 2000; Guthery et al. 2001); that is, we expect higher

depredation rates near edges. The biologically meaning-
ful issue is not to test an uninformative null hypothesis,
but rather the magnitude of the effect (Gurevitch et al.
1992; Johnson 1999). Second, the vote-counting method
is the simplest method of synthesizing multiple experi-
ments and can produce seriously biased results, may have
low statistical power, and may fail to provide critical in-
formation on the overall results of the reviewed studies
(Gurevitch & Hedges 1999).

In our review, we used a meta-analysis in which in-
dependent studies are synthesized quantitatively, which
provides interpretation of the strength of the statistical
findings based on the magnitude of the overall effect size
(Gurevitch & Hedges 2001). Our main aims were to (1)
conduct a meta-analysis of the primary edge-effect stud-
ies to test whether nest-predation rates were higher near
edges than in the interior; (2) explore edge-effect patterns
across geographical locations, vegetation types, nest and
egg types, and exposure times; and (3) quantify how nest-
predation rates changed in relation to distance from the
edge.

Methods

We used three data sets in our meta-analysis: (1) a set
of peer-reviewed papers chosen based on an extensive
literature search of the years 1972–1999 in three large
databases (Ecology Abstracts, Biosis, and ISI); (2) data
from our own published and unpublished experiments;
and (3) studies used by Paton (1994), although we ex-
cluded three of the papers Paton used that presented in-
sufficient data for our analysis. We selected studies that
measured nest predation and provided information on
distance from edges. We included experiments with both
artificial and real nests. For comparative purposes, arti-
ficial nests are usually useful substitutes for real nests
(Major & Kendal 1996). Due to the large diversity of ex-
perimental designs, we recalculated nest-predation esti-
mates for all studies to obtain reliable and comparable
results. We used the original number of nests and num-
ber of depredated nests for calculations, with data often
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extrapolated from figures. For studies that reported more
than one experiment, we treated each experiment as an
independent study. We estimated effect size with the fol-
lowing procedure. First, we compiled a database contain-
ing the number and percentage of depredated nests in re-
lation to distance from the edge. Second, we conducted
a likelihood-ratio chi-square (G ) test for each experiment
to determine the statistical significance of homogeneity
of predation across the edge. Third, we followed methods
outlined by Rosenthal and DiMatteo (2001) and Jennions
and Møller (2002a) to calculate the standard normal de-
viate (Z ) from p values. We used the Z values and the
sample sizes (number of nests) to calculate the corre-
lation coefficient, and then we transformed the correla-
tion coefficient to normalize the distribution with Fisher’s
z transformation. Fisher’s z transformation estimates ef-
fect size and thus provide a basis for the summary meta-
analysis (Rosenthal 1991; Gurevitch et al. 1992; Rosenthal
& DiMatteo 2001). The effect size was positive if preda-
tion was higher near edges. The data followed a normal
distribution, as required by meta-analysis. For this meta-
analysis, we used MetaWin 2.0 (Rosenberg et al. 2000),
which has been used by a number of investigators (e.g.,
Merila & Crnokrak 2001; Suding 2001; Wan et al. 2001;
Koricheva 2002). We used mixed-effects models, which
assumed that the studies shared a common mean effect,
that there was random variation among them, and that
they showed sampling variation. Therefore, the effect size
of a particular study is composed of a “fixed” part that is
characteristic of all analyzed studies (e.g., all herbivores
share certain characteristic responses) and another part
that is characteristic of the one study in which the char-
acter differs at random from other studies (Gurevitch &
Hedges 2001).

To better understand the variations in edge effect, we
segregated experiments into several categories, including
geographical location, landscape type, vegetation type of
studied edges and that of the adjoining edges, nest and
egg type, and exposure time (Table 1). We investigated
how much nest predation increased for each unit change
in distance to an edge. We analyzed all experiments that
had nests at the very edge (0 m) and nests toward the
interior. We then analyzed all experiments that had nests
0–24 m from the edge and farther toward the interior.
Then we excluded nests in the 0- to 24-m belt along the
edge and included only those experiments in which nests
were placed 25–49 m from the edge and farther toward
the interior. In this way we shifted the edge by 25-m in-
crements and monitored the changes in the magnitude of
the edge effect.

We tested Angelstam’s (1986) hypothesis, which sug-
gests that edge effects are most likely to occur where
there are marked contrasts in the productivity gradient
between the habitat patch and its matrix (sharp edges
such as forest to field, field to forest, or marsh to water)
and are less likely to occur if this gradient is less pro-

nounced (soft edges such as forest to forest and field to
field).

A key question in this type of meta-analysis is the file-
drawer problem—that is, the fact that studies with non-
significant results are often not published (Rosenberg et
al. 2000; Møller & Jennions 2001). The publication bias
of positive results is so pronounced that there is a posi-
tive correlation between effect sizes and journal quality
(Murtaugh 2002). To determine whether a publication
bias exists in the literature on nest predation and edge
effects, we used funnel plots to graphically explore meta-
data, plotting the effect size of each individual experiment
against its sample size (Palmer 1999). This is also known
as the “trim and fill” method ( Jennions & Møller 2002b).
If there is no publication bias, plots are funnel-shaped be-
cause (1) studies with small sample sizes have increased
sampling error, so the variation around the effect size
should decrease as sample size increases, (2) effect size
should be independent of sample size, and (3) individual
studies should be normally distributed at a given sample
size (Palmer 1999).

Results

Sixty-four experiments from 32 studies were included
in our analysis (Table 1). All investigations were con-
ducted in the Northern Hemisphere, mainly in temperate
north and central Europe and North America. We evalu-
ated 41 experiments in which edges were open habitats
and 23 experiments in forested habitats. Open habitats
were mainly fields and farmlands with low-intensity man-
agement, including natural grasslands (19 experiments)
and marshlands and bogs (22 experiments). These habi-
tats were surrounded by forests (24 experiments), inten-
sively managed agricultural croplands (11 experiments),
or open water (6 experiments). Forested habitats were
coniferous forests (7 experiments), deciduous forests (12
experiments), or tropical forests (4 experiments). Fields
(20 experiments) or secondary forests (3 experiments)
surrounded these habitats.

The main predator species varied as a result of the
large geographical scope of the review, but, as ex-
pected, corvids and small predatory mammals such as rac-
coons (Procyon lotor), red foxes (Vulpes vulpes), skunks
(Mephitis mephitis), minks (Mustela vison), and weasels
(Mustela nivalis) were the most common species (Table
1). Other small mammals (rodents), birds (gulls, raptors,
small passerines), and snakes were also recorded as preda-
tors. Most of the predator identifications were based on
nest remains or on the list of potential predators in the
study area. Recently, there has been serious criticism of
such indirect methods (Lariviere 1999; Williams & Wood
2002), so the reliability of the identity of nest predators
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may be low. Consequently, we did not analyze predator
effect in detail. In addition, Chalfoun et al. (2002) recently
reviewed the topic.

Nest survival was estimated based on artificial (47 ex-
periments) or natural (17 experiments) nests. The lat-
ter studies monitored waterfowl, waders, and passerines
(Table 1). Artificial open nests were located on the ground
(32 experiments) or higher in vegetation (11 experi-
ments). The exception was the study by Ratti and Reese
(1988), which mixed the locations within four experi-
ments. Thus, it was not possible to distinguish between
ground and elevated nests. Most of these experiments
used real quail or chicken eggs and/or plasticine eggs,
with clutch size ranging from one to nine. Some investi-
gators used supplemental plasticine eggs to aid in preda-
tor identification via tooth and beak marks. The exposure
time of artificial eggs for most studies ranged between 7
and 14 days.

There was wide variation in experimental design and
number of distance categories: about half the studies used
only two categories (edge vs. inside), some did not put
nests at the edge, and the distance between two distance
categories also varied (Table 2). There was a significant
positive edge effect, with more nests depredated near
edges (Fig. 1).

We divided the 64 experiments into two to five groups
within seven ecologically meaningful categories (Fig. 1).
We detected an overall edge effect in experiments in
North America and northwest Europe, but no edge ef-
fect was found in Central America and central Europe
(Fig. 1). This may be a consequence of edge type, with
studies in Central America investigating only forest edges
and studies in central Europe mainly investigating marsh
edges. The increased depredation along edges was simi-
lar in open and forested habitats. With better resolution,
however, marsh and deciduous forest edges had increased
nest losses compared with the interior habitats, whereas
coniferous forests, tropical forests, and fields had no sig-
nificant edge effect (Fig. 1). There appeared to be a strong
edge effect in North American marshes but not in central
European marshes.

The adjoining habitat to the studied edge (“other edge”)
was related to nest-predation edge effect only when the
adjoining habitat was a field (Fig. 1). There was great vari-
ability in the results on nest and egg types. Ground and
natural nest studies and studies with quail or real eggs
generally showed edge effects (Fig. 1). Edge effects were
not significant for artificial nests exposed for typical in-
cubation periods but were significant when nests were
exposed for shorter periods and when natural nests were
used in experiments (Fig. 1).

Distance from edge had a significant effect on nest-
predation rates. The largest effect size (i.e., the highest
predation rate) was for nests in the 0- to 24-m distance
category (Fig. 2). Edge effects disappeared when exper-
iments with nests in the first 50 m of the edge were ex-

cluded. Therefore, edge effects were most pronounced
within the first 50 m from the edge.

Our results confirmed Angelstam’s (1986) hypothesis:
edge effect occurred at sharp edges (mean effect size =
0.1033, df = 49, 95% confidence interval [CI] from 0.0455
to 0.1611) but not at soft edges (mean effect size =
0.1180, df = 13, 95% CI from −0.0087 to 0.2446).

Funnel plots indicated that there was no publication
bias in the literature investigating nest-predation rates
near edges (Fig. 3).

Discussion

We reviewed papers on the relationship between nest-
predation rates and distance from an edge and applied
a meta-analysis. Our results support past reviews that
showed increased nest predation at habitat edges, pri-
marily within 50 m of an edge (Paton 1994; Hartley &
Hunter 1998). Therefore, edge effect should be incorpo-
rated into landscape planning (Laurance 2000). We also
found no apparent publication bias in the peer-reviewed
literature that we reviewed for our analysis.

Fragmentation of habitats leads to increases in the
amount of edge habitat. A key question is the width of
the edge effect: how large is the affected area? Most re-
searchers found that the edge effect penetrates <150 m
into forest fragments (Laurance 2000). Paton (1994) esti-
mated that the edge effect of nest predation penetrates ap-
proximately 50 m into habitats. We also showed that nest
predation declined from the edge to the interior and dis-
appeared if the first 50 m was excluded. Laurence (2000)
suggests that edge effects could occur over larger spa-
tial scales, 1–5 km from the physical edge. Only two of
the experiments we included used nests beyond 1 km
(Table 2); therefore, our results are limited to a local
spatial scale. However, results from both these studies
showed significant edge effect, which may indicate that
the nest-predation edge effect is not restricted to the local
scale.

In the last few years, a number of investigators have syn-
thesized the literature on edge effects. Paton (1994) con-
cluded that nest predation increases in habitat edges and
has been cited widely in the literature. Andrén’s (1995)
comprehensive review suggests that edges do not always
generate increased nest predation. Hartley and Hunter
(1998) conducted a meta-analysis of 13 studies and found
that edge effect depends on the forest cover of the land-
scape. They suggest that predation rate is higher near
edges in deforested than in forested landscapes (which re-
sult contradicts our findings and those of Andrén [1995]),
but they reviewed only two studies from deforested land-
scapes. Manolis et al. (2000) found elevated predation
rates near clearcut edges in their review of 26 experi-
ments, but their analyses were geographically restricted
to northern hardwood-conifer landscapes. More recently,
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Figure 1. Effect sizes with
95% confidence interval
(CI) of 64 evaluated
experiments on
nest-predation edge effect
and of different groups of
the experiments. Edge effect
is significant at α = 0.05 if
confidence intervals do not
bracket zero. Number of
experiments are given in
parentheses. For example,
the effect size for field as the
studied edge is 0.0665, and
the confidence limits are
−0.0305 to 0.1635. This
indicates a positive edge
effect, but it is not
significant at α = 0.05. Edge
effect is significant for, for
example, marsh and
deciduous forests as studied
edges. Grouping is based on
the geographical location
(location), landscape type
of the studied edge (studied
landscape), habitat type of
the studied edge (studied
edge), habitat type of the
adjoining edge (other edge),
nest type (nest type), egg
type (egg type), and
duration of exposure (nest
exposure).

Lahti (2001) evaluated 55 studies and found no support
for increased nest-predation rates near habitat edges. He
did not use any statistics, however, so his qualitative re-
sults should be treated as his opinion. Chalfoun et al.
(2002) recently investigated the mechanisms underlying
fragmentation and edge effects and found that the re-
sponse of nest predators to fragmentation is complex,
taxon-specific, and context-dependent.

Although our review is the most comprehensive to
date, there are some limitations to our results. Our results
are seriously biased toward northern temperate regions.
More needs to be learned about the impact of edge effects
on avian nest success in tropical or southern temperate
regions. Regarding the large differences in edge effect
between tropical and temperate bird communities (Báldi
1996; Martin et al. 2000), the comparison of edge effect

may reveal basic ecological and biogeographical patterns
in bird communities. From a practical conservation point
of view, this geographical bias toward developed regions
may be useful for habitat restoration plans. It would be
desirable, however, to initiate future research in less de-
veloped areas to better understand nest-predation edge
effects and to provide guidance to area managers in trop-
ical regions threatened with increased fragmentation. We
found considerable variation across habitats, nest and egg
type, and exposure time. This inconsistency was the main
cause of the lack of clear pattern (Paton 1994) and for the
call to increase the number of studies examined (Hartley
& Hunter 1998). This variability in experimental design
is partly a result of the different model species and land-
scapes. For example, some investigators did not place
artificial nests at the edge (0 m) because the modeled
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Figure 2. Distance of nest-placement range from the edge toward the interior, and effect sizes with 95% confidence
interval (CI). The first row (top) shows experiments in which nests were placed on the edge (0 m) and farther
inside (1–900 m) and the corresponding effect size with 95% CI. The second row includes experiments in which
nests were placed within the first 24 m and farther inside (25–900 m), and so forth. Therefore, in the former case
edge is only the 0-m belt; in the latter case the 0- to 24- m belt, then the 25- to 50- m belt, and so forth. Edge effect is
significant at α = 0.05 if CI does not contain zero. The n is the number of experiments.

species (e.g., the Curlew [Numenius tenuirostris], Berg
et al. 1992; Berg 1996) does not nest near forest. There-
fore, we believe that the diversity of experimental designs
was sufficient, but the number of experiments in less stud-
ied regions should be increased. For example, our own
experiments represent the majority of central European
experiments (9 out of 11). This may bias the results, thus
pointing to the need for more experiments. In addition,
the “edge” should be defined more accurately or quanti-
fied by some environmental factors such as light; vegeta-
tion height, density, and diversity; availability of potential

Figure 3. Funnel plot of the 64 nest-predation
edge-effect experiments. The Fisher’s z transformed is
an effect size. The funnel shape indicates publication
bias did not occur in the primary literature we
analyzed.

edge predators; and other factors in order to provide a
more comprehensive understanding of the edge effect
across habitat types and geographic areas (Paton 1994).

Debate is continuous on the reliability of artificial nest
studies. The depredation of artificial nests usually differs
from that of real nests (e.g., Willebrand & Marcstrom
1988; Buler & Hamilton 2000), so artificial nests should
not be used to measure actual rates of nest predation
(Wilson et al. 1998). However, they may be valuable for
detecting trends in rates of predation (Major & Kendal
1996; Wilson et al. 1998).

Are there alternative hypotheses to explain heterogene-
ity in nest predation across edges? The first alternative
hypothesis relates to landscape pattern (Andrén 1994,
1995). Several researchers have found that nest losses are
correlated with forest cover, and increased nest predation
in habitat edges was detectable only in fragmented land-
scapes (Robinson et al. 1995; Donovan et al. 1997; Hart-
ley & Hunter 1998). Paton (1994) showed a positive rela-
tionship between patch size and nest success. Therefore,
nest predation depends on landscape structure and not
on the edge per se. An alternative hypothesis is that nest-
predation edge effect is related to human influence on the
landscape (Wilcove 1985). In this scenario, forest cover is
an indicator of human habitat conversion and edge effect
is related to the influence of human-dominated matrix in
the landscape.

The edge-effect, landscape-structure, and human-influ-
ence hypotheses of nest predation are interrelated. To
separate their effects, nest-predation experiments should
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be placed in a landscape context, which is a recently
emerging desirable occurrence in field experiments (e.g.,
Donovan et al. 1997; Boulet et al. 2000). The compari-
son of naturally patchy and human-fragmented landscapes
may reveal differences between the landscape-structure
and the human-influence hypotheses.
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