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Abstract
A majority of empirical tests have failed to support the hypothesis that avian nest predation increases near habitat edges. Of 54
study sites, 13 exhibited an edge eect in any test conducted, 31 did not exhibit one, and 10 exhibited an edge eect in at least one
treatment but not in at least one other. Edge type has not generally been supported as an important factor in determining the
existence of an edge eect. An edge eect has been exhibited slightly more often in landscapes of high fragmentation (<50% prey
habitat) than low (>75% prey habitat), especially in forest. The few studies containing reliable predator identi®cation have
explained their results with species-speci®c predator behavior and its relation to habitat and landscape features. This may be a more
fruitful approach to understanding nest predation dynamics than a focus on habitat edges per se. # 2001 Elsevier Science Ltd. All
rights reserved.
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1. Introduction
Numerous studies of avian reproductive success, particularly among the Anseriformes, Galliformes, and
Passeriformes, have concluded that the destruction of
eggs and nestlings by predators is the most signi®cant
in¯uence on nesting success (e.g. Hahn, 1937; Lack,
1954, p. 77; Nice, 1957; Ricklefs, 1969; Martin, 1992).
Although Lack (1954, p. 154) concluded that mortality
of adult birds was the primary in¯uence on population
numbers, Fretwell (1972) demonstrated that predation
of eggs and nestlings could aect population density.
Further work has suggested that variability in nest predation rate can be linked to subsequent population age
structure (Sherry and Holmes, 1992), and may have
played a role in the evolution of avian life-histories and
community structure (Martin, 1988a, b, 1995).
In order to test hypotheses regarding the signi®cance
of nest predation to bird populations, the basis for variation in nest predation rates must be discovered. One
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in¯uential attempt in this regard is the hypothesis that
nest predation increases with proximity to a habitat
discontinuity, or an edge between two habitats (Gates
and Gysel, 1978; Yahner, 1988). The ®rst evidence for
this phenomenon was presented in 1978 by J. E. Gates
and L. W. Gysel, who found support with observational
data from passerines in three study sites in Michigan.
The notion of an ``edge eect'' had been suggested earlier, in relation to species density and diversity rather
than nest predation, by Leopold (1933, p. 132). Population densities were subsequently found to increase
near habitat edges in birds (Lay, 1938; Good and
Dambach, 1943), but also in suspected nest predators
(Bider, 1968). Gates and Gysel (1978) provided a plausible argument for a ubiquitous edge eect on nest predation based on this earlier literature and their own
results. Together with the concept that nest predation is
density dependent (Krebs, 1971; Fretwell, 1972; GoÈransson et al., 1975; Dunn, 1977), Gates and Gysel
(1978) suggested that habitat edges may function as
``ecological traps'' for nesting birds. Thus, their ``ecological trap'' hypothesis consisted of three proposed processes, the last of which is resultant from the ®rst two:

0006-3207/01/$ - see front matter # 2001 Elsevier Science Ltd. All rights reserved.
PII: S0006-3207(00)00222-6

366

D.C. Lahti / Biological Conservation 99 (2001) 365±374

an edge eect on bird nesting density, density dependent
nest predation, and an edge eect on nest predation.
The present review concentrates on the last of these
processes, regardless of the factors responsible for its
occurrence. In the 20 years following Gates and Gysel
(1978), over 50 empirical tests of an ``edge eect on nest
predation'' have been published.
Many papers claim the existence of a general edge
eect on nest predation (e.g. Wilcove et al., 1986; Yahner, 1988; Laurance and Yensen, 1991; Askins, 1994,
1995; Latta et al., 1995; Arcese et al., 1996; King et al.,
1996; Niemuth and Boyce, 1997; Suarez et al., 1997;
Cooper and Francis, 1998; Huhta et al., 1998; Sloan et
al., 1998). The primary object of this paper is to determine the extent to which this ``edge eect on nest predation'' hypothesis has been substantiated by two
decades of research. Three hypotheses will be assessed
in a preliminary fashion as to their degree of consistency
with available empirical work: (1) nest predation rates
increase near habitat edges; (2) the existence of an edge
eect varies according to the type of habitat edge; and
(3) the existence of an edge eect varies according to the
level of habitat fragmentation at the landscape scale.
2. Methods
I reviewed 55 widely available, conclusive empirical
tests of the ``edge eect on nest predation'' hypothesis,
published between 1978, when the hypothesis was proposed, and 1998. Less than half of these studies have
been included in past reviews of the subject (Paton,
1994; AndreÂn, 1995).
Two issues not considered here are the hypothesized
eects on nest predation rates of habitat patch area (e.g.
Duebbert and Lokemoen, 1976; Levenson, 1981; Wilcove, 1985) and extent of landscape fragmentation (e.g.
AndreÂn et al., 1985; Yahner and Scott, 1988; Robinson
et al., 1995). Although sometimes viewed as indirect
assessments of the edge eect, these issues are in fact
distinct. Sites have exhibited an area eect without an
edge eect (Small and Hunter, 1988; Arango-VeÂlez and
Kattan, 1997) and vice versa (Rudnicky and Hunter,
1993). Sites have also exhibited an eect of landscape
fragmentation distinct from patch-scale edge and area
eects (Kurki and Linden, 1995; Donovan et al., 1997).
Brood parasites such as the brown-headed cowbird
Molothrus ater are known to aect the reproductive
success of some avian species (e.g. Payne and Payne,
1998), and brood parasitism rates may increase near
habitat edges (e.g. Brittingham and Temple, 1983; Hahn
and Hat®eld, 1995). As my focus here is speci®cally on
predation, tests of brood parasitism are not considered.
However, brood parasites can also perform nest predation, even on nests they apparently do not parasitize
(Scott et al., 1992). It is possible, then, that brood

parasites have been responsible for some of the unidenti®ed predation in the studies under consideration.
Only qualitative assessments of hypotheses can properly be oered here. Comparisons of numbers or percentages of sites, including Chi-square (2) one-sample
tests, are intended as indications of empirical results,
and not as rigorous statistical tests of hypotheses. The
reason for this is that studies reviewed here vary widely
in several aspects of methodology (e.g. experiment vs.
observation, size and number of eggs, exposure period,
nest density, construction and location of nests, length
and sample size of transects, patch and site characteristics). Recently, attempts have been made to gain an
understanding of how nest and habitat variables contribute to an edge eect on nest predation by statistical
meta-analysis (Hartley and Hunter, 1998; SoÈderstroÈm et
al., 1998). Such results, though suggestive, are necessarily compromised to the extent that the studies reviewed
fail to meet the central assumption of meta-analysis,
which is similarity of methodology. The value of statistical meta-analysis in this area will increase only if the
many ways in which the studies dier in methods, data,
and site can be quanti®ed and controlled, if the direction of any eect (even if nonsigni®cant) always appears
in the results, and if enough additional studies are performed to increase the sample size relative to each variable. Therefore, this review does not involve reanalysis
or pooling of results. Rather, the authors' own statistical analysis was used, with the exception of Best (1978)
and Wilcove et al. (1986), which were analyzed in Paton
(1994). Results of studies reviewed are based on a level
of signi®cance of P<0.05 unless otherwise indicated.
Two advantages of this approach are that results from
all available studies can be surveyed, and that no inappropriate assumptions for reanalysis or meta-analysis
are made. The major disadvantage of this approach is
that only qualitative and preliminary conclusions can be
drawn.
Another disadvantage of reviewing many studies in an
area where no consensus has been reached as to protocol, is that methodological dierences may underlie
apparent inconsistencies among studies. In nest predation studies the possibility of dierences between nest
predation rates on arti®cial and natural nests (e.g. Lennington, 1979; Reitsma et al., 1990; Sloan et al., 1998),
and the possibility of artifactual in¯uences of the types
of eggs used (e.g., Roper, 1992; Haskell, 1995; Major
and Kendal, 1996) have been sources of concern. A
comparison among the studies reviewed here reveals no
consistent dierences in the likelihood of an edge eect
for either of these methodological factors, as AndreÂn
(1995) concluded for arti®cial versus natural nests.
However, the possibility remains that nest type and
location, as well as egg type, could result in predation
by dierent species, which could then translate into differences in the likelihood of an edge eect.
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3. Results and discussion
3.1. General status of edge eect hypothesis
The edge eect on nest predation hypothesis would
predict a preponderance of studies to conclude that
rates of nest predation increase with proximity to habitat edges. Of 55 studies, 13 (24%) found a signi®cant
edge eect in any test conducted, 32 (58%) did not ®nd
a signi®cant edge eect, and 10 (18%) were multifactorial studies in which results were mixed, such that
an edge eect was demonstrated in at least one treatment but was not in at least one other (Table 1). Four
studies were conducted on the same or nearby sites
(Yahner and Wright, 1985; Yahner, 1991; Yahner et al.,
1993; Yahner and Mahan, 1997), whereas one study
tested three distant study sites (Berg et al., 1992).
Focusing on sites rather than studies, in order to insure
statistical independence among studies, yields the same
result. Of 54 study sites at least 8 km apart (and over 30
km apart with two exceptions: see Table 1, footnote d),
13 (24%) exhibited a signi®cant edge eect in any test
conducted, 31 (57%) did not exhibit a signi®cant edge
eect, and 10 (19%) were subject to multifactorial studies in which results were mixed, such that an edge eect
was detected in at least one test but was not in at least
one other. Of the sites which did not support the edge
eect on nest predation hypothesis, ®ve exhibited a signi®cant decrease in predation with proximity to the
edge, in at least one treatment (Table 1, footnote c).
Therefore, the majority of empirical tests have not supported the edge eect on nest predation hypothesis. The
number of study sites which do exhibit a strong edge
eect suggest, however, that in some situations a phenomenon is occurring that is related either directly or
indirectly to the existence of a habitat edge.
3.2. Edge type
Some have suggested that the diversity of types of
habitat edges may at least partially underlie the disparity among empirical tests of the edge eect on nest
predation hypothesis (Angelstam, 1986; AndreÂn, 1995;
Murcia, 1995). Perhaps some kinds of habitat discontinuity generally exhibit an edge eect whereas others do not. If this is true, then a categorization of studies
according to edge type, in terms of the nature of the two
adjoining areas, should reveal this phenomenon
(Table 1). In 23 dierent edge types which are combinations of seven dierent types of habitat with 11 classes of adjacent terrain, there is no edge type for which
an edge eect has been demonstrated consistently across
study sites. In fact, aside from one edge type (grasslandfenceline) for which only one study was performed,
there is not one edge type for which the edge eect on
nest predation hypothesis is more often supported than
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rejected. On the other hand, the edge eect has been
more often rejected than supported in ®ve edge types for
which only one study was performed, and 12 edge types
which have received multiple tests. In the most heavily
researched edge type, forest/agricultural edges, for
which a general edge eect has been concluded in past
reviews (Wilcove et al., 1986; Paton, 1994; AndreÂn,
1995), the 14 available studies (corresponding to 14
independent sites) are in fact divided evenly in their
results. The discrepancy between this and earlier reviews
is to some extent due to the predominantly negative
results of the most recent studies (in 1997±1998, 13 studies were published which tested 25 edges, and only
seven of these produced evidence for the edge eect on
nest predation). Although forest/agricultural edges are
just as likely as not to exhibit an edge eect, a likelihood
of 50% is much higher than that of habitat edges in
general, and explains the particularly high level of concern which has surrounded that type of edge with regard
to this hypothesis. Still, the general hypothesis that certain edge types, in terms of the nature of the adjoining
habitats, are consistently prone to an edge eect while
others are not, is not substantiated by the literature.
Angelstam (1986) suggested that an edge eect on
nest predation is most likely to occur where there is a
steep gradient in primary productivity across the edge
(e.g. forest/agriculture and forest/grassland edges) and
is least likely to occur where this gradient is less pronounced (e.g. agriculture/grassland edges). Productivity
in this case indicates vegetational structure or type; a
nest predator may be more likely to respond to a habitat
discontinuity when the change in the plant community
across the edge is more pronounced. A preliminary test
of this hypothesis can be conducted by comparing the
empirical results at those edge types involving a steep
primary productivity gradient (the majority of the literature) with those edge types involving a relatively
slight gradient. Edge types associated with the miscellaneous categories of ``wetlands'' and ``various open
areas'', which may represent a wide variation in primary
productivity, and ®eld/fenceline edges where the adjacent terrain is very narrow, will be excluded here (except
for Small and Hunter, 1988, where land edges and wetland edges were analyzed separately). Forests, in general,
are much higher in primary productivity (generally by at
least 500 g/m2/year) than agriculture, old®eld, or grassland of the same latitude (Whittaker and Likens, 1973).
A provisional test of Angelstam's hypothesis involves
separating edge types comprised of forest adjacent to
such open land, from edge types comprised of two types
of adjacent forest or two types of adjacent open habitat.
When this is done, 43 tests of edges with steep primary
productivity gradients are distinguished from seven tests
of low primary productivity gradients (including nine
sites where more than one edge type was tested and
analyzed separately). Among tests of high-gradient
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Table 1
Correlation of nest predation rate with proximity to habitat edge, categorized by edge type
Habitat

Adjacent terrain

Increase in nest predation near edges

No increase in nest predation near edges

Forest

Agriculture

Forest

Grassland

Gates and Gysel, (1978)
Wilcove et al., (1986) (analyzed in Paton, 1994)
AndreÂn and Angelstam, (1988)
Temple and Cary, (1988)
Mùller, (1989)a
BjoÈrklund, (1990)
SandstroÈm, (1991)d
Donovan et al., (1997)b,f
Linder and Bollinger, (1995)
Donovan et al., (1997)b,f

Forest

Wetland

Fenske-Crawford and Niemi, (1997)b,d

Forest

Clearcut

Rudnicky and Hunter, (1993)g
King et al., (1996)h
Fenske-Crawford and Niemi, (1997)b,d
Yahner and Mahan, (1997)d

Forest

Young/regenerating forest

Gibbs, (1991)

Forest

Suburban development

Forest
Forest

Powerline clearing
Road

Chasko and Gates, (1982)e,j
Burkey, (1993)

Forest

Various open areas

Hannon and Cotterill, (1998)k

Agriculture

Forest

Mùller, (1989)

Agriculture
Grassland

Grassland
Forest

Burger et al., (1994)

Grassland

Agriculture

Grassland
Grassland
Grassland

Wetland
Fenceline
Road

Crabtree et al., (1989)
Yosef, (1994)

Angelstam, (1986)
Mùller, (1989)a
Santos and TellerõÂa, (1992)
Nour et al., (1993)
Arango-VeÂlez and Kattan, (1997)b,c
Bayne and Hobson, (1997)b
Danielson et al., (1997)e
Donovan et al., (1997)b,f
Gibbs, (1991)
Laurance et al., (1993)
Donovan et al., (1997)b,f
Small and Hunter, (1988)
Vander Haegen and DeGraaf, (1996)
PoÈysaÈ et al., (1997)
Huhta et al., (1998)b
Ratti and Reese, (1988)
Storch, (1991)c
Rudnicky and Hunter, (1993)g
Bayne and Hobson, (1997)b
Huhta et al., (1998)b
Yahner and Wright, (1985)d,i
Yahner, (1991)d,i
Laurance et al., (1993)
Yahner et al., (1993)d,i
Hanski et al., (1996)d
Arango-VeÂlez and Kattan, (1997)b,c
Danielson et al., (1997)e
Chasko and Gates, (1982)e,j
Huhta, (1995)
Latta et al., (1995)
Yahner and Mahan, (1997)c,d
Kuitunen and Helle, (1988)
Small and Hunter, (1988)c
Hanski et al., (1996)d
Hannon and Cotterill, (1998)k
Wong et al., (1998)
AndreÂn and Angelstam, (1988)
Berg, (1992)
Vickery et al., (1992)
Mankin and Warner, (1992b
Best, (1978) (Fig. 4, analyzed in Paton, 1994)
Mankin and Warner, (1992)
SoÈderstroÈm et al., (1998)d
Mankin and Warner, (1992)b
Pasitschniak-Arts et al., (1998)b
Pasitschniak-Arts et al., (1998)b

Grassland

Various open areas

Shrub, moor
Shrub, moor
Wetland

Forest
Various open areas
Forest

Pasitschniak-Arts and Messier, (1995)l
Pasitschniak-Arts and Messier, (1996)m
Niemuth and Boyce, (1997)

Wetland
Clearcut
Powerlines

Open upland
Forest
Forest

Mankin and Warner, (1992)
Pasitschniak-Arts et al., (1998)b
Pasitschniak-Arts and Messier, (1995)l
Pasitschniak-Arts and Messier, (1996)m
Avery et al., (1989)n
Rogers, (1994)
Berg et al., (1992)o
Esler and Grand, (1993)
Picman et al., (1993)
Ratti and Reese, (1988)
Chasko and Gates, (1982)c,e
(continued on next page)
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Table 1 (continued)
a
Positive result with uncovered nests, negative result with partially covered nests.
b
A single test is represented under two or more edge types because the authors pooled data for dierent edge types (see other listing of the same
reference and footnote); all other multiple listings of references refer to separately analyzed tests.
c
At least one treatment resulted in a signi®cant inverse edge eect; predation was higher in the habitat interior than on the edge.
d
The four studies of Yahner and associates were performed in the same area and so are not statistically independent. Sites used by Hanski et al.
(1996) and Fenske-Crawford and Niemi (1997) were approximately 8 km apart. Sites used by SandstroÈm (1991) and SoÈderstroÈm et al. (1998) were
approximately 20 km apart. All other studies utilized sites >30 km apart from each other.
e
Tested at the P<0.1 level of signi®cance (all others P<0.05).
f
Positive result in moderately fragmented landscapes (45±55% forest cover), negative result in landscapes with high (<15% forest cover) or low
(>90% forest cover) fragmentation.
g
Positive result with shrub nests, negative result with ground nests.
h
Re¯ects a trend at P=0.1.
i
Results re¯ect stands of of varying ages both in the nesting habitat and in the adjacent area.
j
Positive result in one study site and negative in another similar to it but with subtle dierences in prey distribution and corridor vegetation
characteristics.
k
Negative result with all nests or with nests depredated by mammals only; positive result with nests depredated by corvids only.
l
Positive result in ®elds with dense nesting cover, negative result in idle pasture or delayed hay®elds.
m
Positive result in large (200 ha) plots, negative result in small (50 ha) plots.
n
Initial positive result was completely explained by a vegetational variable.
o
Three distant (>250 km) and so statistically independent study areas were used. One out of six plots exhibited an edge eect, but another
exhibited an inverse eect; all others exhibited no eect.

edges, 18 (42%) found an edge eect in at least one
treatment, and 25 (58%) did not. Most sites adjacent to
terrain with very dierent primary productivity have
not exhibited an edge eect. Among the few (7) lowgradient edge sites, only one of these studies found an
edge eect. That study (Gibbs, 1991) was performed in
a highly productive tropical rainforest. Although Gibbs
(1991) provided no information regarding the age of the
secondary growth, the gradient between primary and
secondary growth might be as great or greater than that
between a temperate forest and ®eld. If this is so, then
no study with a low (<500 g/m2/year) primary productivity gradient across the edge has exhibited an edge
eect on nest predation. The ®rst prediction of Angelstam's hypothesis is that an edge eect will occur where
there is a steep gradient of primary productivity across
the edge. This is not supported by empirical studies. The
second prediction of his hypothesis is that an edge eect
will not occur where there is a shallow gradient. This is
consistent with empirical work, but only seven such
tests have been published to date. Moreover, separating
the sites by the magnitude of their vegetational gradient
does not signi®cantly change the proportion of studies
exhibiting an edge eect from that of all sites taken
together (2=0.54, d.f.=1, P>0.2).
One more hypothesis regarding edge types and their
relationship with the edge eect on nest predation
hypothesis is that forest/agriculture and forest/grassland
edges are more likely to exhibit an edge eect than forest/clearcut edges, for two proposed reasons. The ®rst is
that forest/clearcut edges do not possess a gradual or
``feathered edge'' (Ratti and Reese, 1988) which can
support edge-loving, or ecotonal, predators (Rudnicky
and Hunter, 1993). The second proposed reason is that
clearcuts resemble natural light gap disturbances and
are too temporary to maintain a community of pre-

dators distinct from that of the intact forest (Bayne and
Hobson, 1997). Table 1 demonstrates that the proportion of positive to negative results with respect to the
edge eect on nest predation is 9±10 at forest/agriculture or forest/grassland edges, and is 4±5 at forest/
clearcut edges (all studies in each category representing
independent sites). Therefore, the hypothesis that forest/
agriculture and forest/grassland edges are more likely
than clearcut edges to exhibit an edge eect is not supported by empirical work.
3.3. Extent of landscape fragmentation
Nest predation rate may depend on the degree of
fragmentation of the landscape, as distinct from smaller
scale edge and patch area data (Kurki and Linden,
1995; Hartley and Hunter, 1998). Donovan et al. (1997)
found an edge eect on nest predation in landscapes
where 45±55% of the area was suitable prey habitat, but
not in landscapes where <15 or >90% of the area was
suitable prey habitat. In this case forest-nesting migratory songbirds were the focal prey species, so forest
cover was considered suitable prey habitat. The authors
introduced the hypothesis that ``percentage of forest
cover at the landscape scale in¯uences predation levels
and the existence of edge eects'' (ibid., p. 2070). If the
latter half of this hypothesis is true, variability in the
existence of an edge eect should be explained by a division of study sites according to the percentage of suitable prey habitat that is present on the landscape scale.
What is considered ``suitable prey habitat'' varies
from study to study, and for purposes of this review it is
simply considered the habitat type in each study where
nests were sought (or placed, in arti®cial nest studies).
In some arti®cial nest studies a focal habitat could not
be determined, as when nests were placed on both sides
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Table 2
Tests of the edge eect on nest predation hypothesis by extent of
habitat fragmentationa
Fragmentation extent # (%) positive # (%) mixed # (%) negative
High (11 sites)
Moderate (22 sites)
Low (10 sites)
All studies (54 sites)

4
4
1
12

(36)
(18)
(10)
(22)

3
3
2
11

(27)
(14)
(20)
(20)

4
15
7
31

(36)
(68)
(70)
(57)

a

``High'' indicates <50% focal prey habitat on the landscape level
(as de®ned by the study) and ``low'' indicates >75% habitat. ``Moderate'' refers to sites with an intermediate (50±75%) amount of habitat on
the landscape. All study sites are considered part of single landscapes,
so some large study sites which are listed here as ``moderate'' might
consist of portions of diering fragmentation extents. ``Positive'' studies have concluded an edge eect in all tests performed, ``mixed'' have
concluded an edge eect in at least one treatment but not in at least one
other, and ``negative'' have not found any edge eect.

of an edge and no mention was made of model bird
species; these studies were excluded from this part of the
analysis. Likewise, the studies themselves were the basis
for determining the extent and nature of the ``landscape''. Only studies which provided either quantitative
data for percentage of prey habitat on the landscape, or
qualitative descriptions or maps from which an estimate
could be drawn, were included in the analysis. Landscapes with less than 50% prey habitat (i.e. landscapes
dominated by a matrix that is presumed to be hostile
relative to the prey habitat type) are considered highly
fragmented. Landscapes with over 75% prey habitat are
considered areas of low fragmentation. This division
allows the sites with high and low fragmentation to
comprise two groups of approximately equal size.
Landscapes which fall between these extremes, containing 50±75% habitat, are considered moderately fragmented. Because of the imprecision of those estimates
from qualitative descriptions and maps, as well as the
fact that many studies were performed in several sites of
varying fragmentation, the present hypothesis (that differences in extent of landscape fragmentation underlie
the variability in the existence of an edge eect on nest
predation) can be tested only in a preliminary way until
more studies are performed that explicitly vary the
amount of fragmentation at the landscape level.
Seven of 11 (63%) sites exhibited an edge eect in at
least one test treatment in highly fragmented landscapes, as compared with only three of 10 (30%) in
landscapes of low fragmentation (Table 2). Landscapes
of moderate fragmentation have intermediate proportions of sites exhibiting an edge eect on nest predation.
These ®ndings are suggestive, although the dierences in
the number of sites exhibiting an edge eect in landscapes
of dierent levels of fragmentation are not statistically
signi®cant (2=1.6, d.f.=2, P>0.1). A correlation of
fragmentation with the edge eect on nest predation
might be expected, for example, if nest predators are

in®ltrating the avian habitat from the outside, for their
populations would then respond positively to the amount
of matrix (nest predator habitat) on the landscape
(AndreÂn, 1992).
Donovan et al. (1997) applied their predictions
regarding the eect of habitat fragmentation on nest
predation to forest habitats alone. If nonforest habitats
are excluded, the pattern demonstrated by Table 2 is
ampli®ed. The only sites to exhibit an edge eect in a
forest on a landscape of low fragmentation (of 6) have
been 1 with mixed results and 1 at P=0.1. On the other
hand, in highly fragmented forests, all ®ve sites exhibited an edge eect in at least one treatment. The sample
size is inadequate for statistical comparison. Too few
studies have been performed in agriculture, old®eld,
prairie, shrub, and wetland habitats to analyze these
habitats separately.
4. Conclusions
Although many studies have found higher nest predation near habitat edges, the majority of studies have
not. Two further hypotheses have often been tested in
nest predation studies: that the type of edge (in terms of
the nature of the adjoining plant communities) and the
extent of fragmentation of the landscape, respectively,
can account for the variation in the existence of an edge
eect. Empirical evidence has not clearly supported
either hypothesis, but there is a trend towards a positive
correlation of the existence of an edge eect with degree
of landscape fragmentation, especially in forested landscapes. With regard to the relationship between edge
type and the existence of an edge eect, the only statement that can be justi®ed to any extent by studies to
date, and this only on the basis of seven studies, is that
an edge eect is very rare, perhaps nonexistent, where
the adjoining plant communities have a low gradient in
primary productivity. No edge eect has been found in
sites where forests of dierent ages were the adjoining
habitats, except for one tropical site where the gradient
is unknown. Likewise the two studies which test agriculture±grassland edges and their edges with roads have
not found an eect (Table 1). This may be due to the
fact that nest predators range indiscriminately across
borders between habitats which are similar in physiognomy, not recognizing them as habitat discontinuities.
This idea of a lack of predator recognition of certain
edges may be tested by tracking predators, as well as by
nest predation studies which compare rates across
habitat types that are structurally similar.
These results suggest that our knowledge about the
ecacy of the edge eect on nest predation hypothesis
has grown since the publication of two prior reviews
[Paton, 1994 (21 studies); AndreÂn, 1995 (27 studies)].
Paton (1994) concluded, in agreement with Wilcove et
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al. (1986), that the generalization that nest predation
increases near habitat edges was warranted. The lack of
evidence provided by four arti®cial nest studies was
explained with reference to inadequate experimental
design. In contrast, the present review suggests that
although an edge eect on nest predation occurs in
some sites, it is not a valid generalization, regardless of
the habitat under consideration. Problems in experimental design are indeed present in nest predation studies, and could be contributing to the lack of consensus
(Murcia, 1995). However, the fact that 42 of 55 studies
(76%) found no evidence for an edge eect in at least
one treatment suggests that design problems alone are
not responsible for the failure of studies to detect an
edge eect. Comparison with AndreÂn (1995) is more
dicult because that study analyzed edge eects and
patch size eects together. AndreÂn (1995) found that
edge-related increase in nest predation primarily occurred near forest/agriculture edges, and generally not in
forest mosaics. Therefore AndreÂn (1995) claimed that
the literature lends some support to Angelstam's (1986)
hypothesis that edge eects occur where a steep gradient
in productivity exists across the edge. The present
review provides some support for the gradient hypothesis as well, but research since AndreÂn (1995) has shed
doubt on the claim that forest/agriculture edges are
consistently prone to edge eects. According to the studies reviewed here, such edges may be just as likely not
to exhibit an edge eect on nest predation as to exhibit
one. Nevertheless, AndreÂn (1995) realized that many
sites are not likely to exhibit an edge eect, and introduced explanations as to why edge eects may be found
in some areas and not others, based on habitat and
predator considerations. The results of the present
review highlight the need for such reasoning and the
testing of such hypotheses.
Two notes of caution should be noted regarding the
results presented here. First, studies of the edge eect on
nest predation range widely in their plot sizes, and in
many cases the sizes of plots were mixed or not provided in the publications. As one study found plot size
to be a signi®cant in¯uence on the existence of an edge
eect on nest predation (Pasitschniak-Arts and Messier,
1996), the variation in plot size among studies could
complicate comparisons. Second, and similarly, studies
dier widely in the distance from the edge into the
habitat that nest predation was tested. Most (38) studies
went at least 100 m into the habitat, to a maximum of
1500 m; the remainder went less than 100 m (nine studies) or provided insucient information in this regard
(eight studies). Researchers have proposed a variety of
distances to which an edge eect might extend into a
habitat patch (e.g. >200 m in Wilcove et al., 1986, vs.
50 m in Paton, 1994).
Although the statement is tautological that nest predation dynamics depend on the activity of the predators
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involved, only recently have serious attempts been made
in nest predation studies to assess the nature of the nest
predator guild in each study site. Little can be concluded yet regarding species-speci®c predator dierences, however, for only 22 of 55 studies of the edge
eect have provided information on nest predator
assemblage with some degree of reliability, and only 13
of these identi®ed predators beyond class level. Claims
are often made, for instance that avian nest predators
generally have an anity to edges whereas mammalian
predators do not (Nour et al., 1993; Marini et al., 1995).
Determining whether this hypothesis describes a general
ecological phenomenon depends on continued study
including reliable predator identi®cation. A model study
in this respect is Hannon and Cotterill (1998), who were
able to separate instances of bird and mammal predation and analyze the dynamics of each class of predator
separately. A few other studies have focused on speciesspeci®c nest predator dierences and by so doing have
been able to provide explanations for often complex
results. These studies include Angelstam (1986) and
Mùller (1989), who found striking dierences in edgeanity among corvid nest predators. Several other such
studies have been performed in primarily mammaldominated sites (Laurance et al., 1993; Picman et al.,
1993; Pasitschniak-Arts and Messier, 1995, 1996;
Hanski et al., 1996; Vander Haegen and DeGraaf, 1996;
Bayne and Hobson, 1997; Fenske-Crawford and Niemi,
1997; Hannon and Cotterill, 1998). In some cases even
within a given predator species the response to edges
varies according to landscape features, such as the
proximity to suburban areas (Danielson et al., 1997) or
the amount of core habitat (i.e. habitat far from edges)
available (Donovan et al., 1997).
Regardless of whether there are particular landscape
conditions or predator assemblages that favor an
increase in predation on avian nests near habitat edges,
the hypothesis that an edge eect on nest predation is a
universal ecological phenomenon is not supported by
available experimental and observational data. Contrary to generalizations that are widespread in the literature (e.g. Wilcove et al., 1986; Yahner, 1988;
Laurance and Yensen, 1991; Askins, 1994, 1995; Latta
et al., 1995; Arcese et al., 1996; King et al., 1996; Niemuth and Boyce, 1997; Suarez et al., 1997; Cooper and
Francis, 1998; Huhta et al., 1998; Sloan et al., 1998), the
majority of study sites exhibit no increase in nest predation rate near edges; in a few sites, nest predation
actually decreases near edges. Chasko and Gates (1982,
p. 6) stated that ``In the past, it has been assumed that
edge habitat had high suitability for certain avian species''. They then suggested that this older perspective be
reevaluated because of the newly recognized danger of
edge-related nest predation, as evidenced by Gates and
Gysel (1978). However, in the two decades following the
initial test of the edge eect on nest predation, the atti-
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tudes of many towards edge habitat swung too far in the
opposite direction despite the empirical evidence. Many
have been incorrectly assuming that edge habitat always
has very low suitability for avian species, a claim which
is as unsubstantiated by the results of empirical tests as
its inverse. In retrospect on those 20 years of testing,
little predictive ability with regard to nest predation
dynamics is forthcoming from a scrutiny of habitat
edges per se. Researchers may gain greater insight in the
future, as a few have already, by ®rst determining which
predators are most active in their study sites, and then
focusing on their behavior and its relation to habitat
and landscape features, including habitat edges.
Studies could be designed with an aim of developing a
body of knowledge of species-speci®c patterns of nest
predation. The limited success of tests for general eects
of habitat edge without knowledge of the dominant nest
predators in the study area, suggests that initially identifying and determining the relative importance of nest
predators may be a more successful approach. Using
what is known of the behavior of these species, predictions can be made regarding patterns of nest predation
in a study area, including response to habitat edges (as
well as other eects, such as nest density, patch size, and
nest height). If little is known of the the predation patterns of a given nest predator, experiments could be
designed which bias nest predation in favor of certain
species. Ideal study sites for this objective are where a
single predator is known to be almost exclusively
responsible for nest predation. Ultimately, when the
dominant predators have been identi®ed and their typical patterns of predation are known, land areas can be
categorized into nest predation types. This categorization will be complex in cases where more than one nest
predator is important, or when the predation patterns of
a single species depend on landscape or habitat factors.
In this way, researchers can generalize across similar
study areas and make speci®c and testable predictions
as to patterns of nest predation. Conclusions would be
valuable when considering bird species most at risk of
nest predation in an area, and the probable eect of an
increase or decrease in a given nest predator population
(e.g. as a result of development or a change in management practices) on the breeding bird community.
With regard to study areas, very few studies have been
performed in nonforest habitats, or in habitats south of
40 N. In arti®cial nest studies, care should be taken to
place nests within 10 m of an edge, and place the furthest nests beyond 50 m from the edge, if an objective is to
test for the existence of an edge eect. The nest, eggs,
and nest site should be designed to mimic a model species in the study area. Explicit information should be
provided in publications as to the nature of the adjoining habitats, the extent of fragmentation of the landscape, habitat patch sizes, predator identi®cation, and
statistical signi®cance.

Managers interested in assessing and responding to
nest predation risk will bene®t from classifying their
reserves according to dominant nest predators. They
should be aware of those species' typical patterns of nest
predation, and the implications for habitat edges and
other factors. On the basis of this information an inference can be drawn as to what bird species are most at
risk. If birds are an important target of conservation,
the size, shape, and management plans of reserves
should depend not only on the habitat requirements of
those birds, but also on the patterns of nest predation in
the area. For example, if nest boxes are a signi®cant
part of a management plan, knowing the pattern of nest
predation in an area can help to determine safer locations for the boxes. Perhaps most importantly, edges are
not necessarily detrimental to the reproduction of birds,
even of forest birds nesting near a border of an agricultural
®eld. Heterogeneous habitats should therefore be considered as potentially important and successful breeding
areas for some birds. Future research is necessary in order
for managers to be able to predict reliably the eect habitat
edges have on breeding birds in any given area.
Acknowledgements
I extend sincere gratitude to the following people for
reading and providing comments on earlier drafts of
this paper: Robert B. Payne, Beverly Rathcke, Alec R.
Lindsay, W. Lindsay Whitlow, John H. Vandermeer,
Philip Myers, and three anonymous reviewers.

References
AndreÂn, H., 1992. Corvid density and nest predation in relation to
forest fragmentation: a landscape perspective. Ecology 73, 794±804.
AndreÂn, H., 1995. Eects of landscape composition on predation rates
at habitat edges. In: Hansson, L., Fahrig, L., Merriam, G. (Eds.),
Mosaic Landscapes and Ecological Processes. Chapman and Hall,
London, pp. 225±255.
AndreÂn, H., Angelstam, P., 1988. Elevated predation rates as an edge
eect in habitat islands: experimental evidence. Ecology 69, 544±
547.
AndreÂn, H., Angelstam, P., Lindstrom, E., WideÂn, P., 1985. Dierences in predation pressure in relation to habitat fragmentation: an
experiment. Oikos 45, 273±277.
Angelstam, P., 1986. Predation on ground-nesting birds' nests in relation to predator densities and habitat edge. Oikos 47, 365±373.
Arango-VeÂlez, N., Kattan, G.H., 1997. Eects of forest fragmentation
on experimental nest predation in Andean cloud forest. Biological
Conservation 81, 137±143.
Arcese, P., Smith, J.N.M., Hatch, M.I., 1996. Nest predation by cowbirds and its consequences for passerine demography. Proceedings
of the National Academy of Sciences USA 93, 4608±4611.
Askins, R.A., 1994. Open corridors in a heavily forested landscape:
impact on shrubland and forest-interior birds. Wildlife Society Bulletin 22, 339±347.
Askins, R.A., 1995. Hostile landscapes and the decline of migratory
songbirds. Science 267, 1956±1957.

D.C. Lahti / Biological Conservation 99 (2001) 365±374
Avery, M.I., Winder, F.L.R., Egan, V.M., 1989. Predation on arti®cial
nests adjacent to forestry plantations in northern Scotland. Oikos
55, 321±323.
Bayne, E.M., Hobson, K.A., 1997. Comparing the eects of landscape
fragmentation by forestry and agriculture on predation of arti®cial
nests. Conservation Biology 11, 1418±1429.
Berg, A., 1992. Habitat selection by breeding curlews Numenius
arquata on mosaic farmland. Ibis 134, 355±360.
Berg, A., Nilsson, S.G., Bostrom, U., 1992. Predation on arti®cial
wader nests on large and small bogs along a south-north gradient.
Ornis Scandinavica 23, 13±16.
Best, L.B., 1978. Field sparrow reproductive success and nesting ecology. Auk 95, 9±22.
Bider, J.R., 1968. Animal activity in uncontrolled terrestrial communities as determined by a sand transect technique. Ecological
Monographs 38, 269±308.
BjoÈrklund, M., 1990. Nest failures in the scarlet rose®nch Carpodacus
erythrinus. Ibis 132, 613±617.
Brittingham, M.C., Temple, S.A., 1983. Have cowbirds caused forest
songbirds to decline? Bioscience 33, 31±35.
Burger, L.D., Burger Jr., L.W., Faaborg, J., 1994. Eects of prairie
fragmentation on predation on arti®cial nests. Journal of Wildlife
Management 58, 249±254.
Burkey, T.V., 1993. Edge eects in seed and egg predation at two
neotropical rainforest sites. Biological Conservation 66, 139±143.
Chasko, G.G., Gates, J.E., 1982. Avian habitat suitability along a
transmission line corridor in an oak-hickory forest region. Wildlife
Monographs 82, 1±41.
Cooper, D.S., Francis, C.M., 1998. Nest predation in a Malaysian
lowland rain forest. Biological Conservation 85, 199±202.
Crabtree, R.L., Broome, L.S., Wolfe, M.L., 1989. Eects of habitat
characteristics on gadwall nest predation and nest-site selection.
Journal of Wildlife Management 53, 129±137.
Danielson, W.R., DeGraaf, R.M., Fuller, T.K., 1997. Rural and suburban forest edges: eect on egg predators and nest predation rates.
Landscape and Urban Planning 38, 25±36.
Donovan, T.M., Jones, P.W., Annand, E.M., Thompson III, F.R.,
1997. Variation in local-scale edge eects: mechanisms and landscape context. Ecology 78, 2064±2075.
Duebbert, J.F., Lokemoen, J.T., 1976. Duck nesting in ®elds of
undisturbed grass-legume cover. Journal of Wildlife Management
40, 39±49.
Dunn, E., 1977. Predation by weasels (Mustela nivalis) on breeding tits
(Parus spp.) in relation to the density of tits and rodents. Journal of
Animal Ecology 46, 633±652.
Esler, D., Grand, J.B., 1993. Factors in¯uencing depredation of arti®cial duck nests. Journal of Wildlife Management 57, 244±248.
Fenske-Crawford, T.J., Niemi, G.J., 1997. Predation of arti®cial
ground nests at two types of edges in a forest-dominated landscape.
Condor 99, 14±24.
Fretwell, S.D., 1972. Populations in a Seasonal Environment. Princeton University Press, Princeton, NJ.
Gates, J.E., Gysel, L.W., 1978. Avian nest dispersion and ¯edgling
success in ®eld-forest ecotones. Ecology 59, 871±883.
Gibbs, J.P., 1991. Avian nest predation in tropical wet forest: an
experimental study. Oikos 60, 155±161.
Good, E.E., Dambach, C.A., 1943. Eect of land use practices on
breeding bird populations in Ohio. Journal of Wildlife Management
7, 291±297.
GoÈransson, G., Karlsson, J., Nilsson, S.G., Ulfstrand, S., 1975. Predation on birds' nests in relation to antipredator aggression and nest
density: an experimental study. Oikos 16, 117±120.
Hahn, H.W., 1937. Life history of the oven-bird in southern Michigan.
Wilson Bulletin 49, 145±237.
Hahn, D.C., Hat®eld, J.S., 1995. Parasitism at the landscape scale:
cowbirds prefer forests. Conservation Biology 9, 1415±1424.
Hannon, S.J., Cotterill, S.E., 1998. Nest predation in aspen woodlots

373

in an agricultural area in Alberta: the enemy from within. Auk 115,
16±25.
Hanski, I.K., Fenske, T.J., Niemi, G.J., 1996. Lack of edge eect in
nesting success of breeding birds in managed forest landscapes. Auk
113, 578±585.
Hartley, M.J., Hunter Jr., M.L., 1998. A meta-anaysis of forest cover,
edge eects, and arti®cial nest predation rates. Conservation Biology 12, 465±469.
Haskell, D., 1995. Forest fragmentation and nest predation: are
experiments with Japanese quail eggs misleading? Auk 112, 767±
769.
Huhta, E., 1995. Eects of spatial scale and vegetation cover on predation of arti®cial ground nests. Wildlife Biology 1, 73±80.
Huhta, E., JokimaÈki, J., Rahko, P., 1998. Distribution and reproductive success of the pied ¯ycatcher Ficedula hypoleuca in relation to
forest patch size and vegetation characteristics: the eect of scale.
Ibis 140, 214±222.
King, D.I., Grin, C.R., DeGraaf, R.M., 1996. Eects of clearcutting
on habitat use and reproductive success of the ovenbird in forested
landscapes. Conservation Biology 10, 1380±1386.
Krebs, J.R., 1971. Territory and breeding density in the great tit,
Parus major L. Ecology 52, 1±22.
Kuitunen, M., Helle, P., 1988. Relationship of the common treecreeper Certhia familiaris to edge eect and forest fragmentation. Ornis
Fennica 65, 150±155.
Kurki, S., Linden, H., 1995. Forest fragmentation due to agriculture
aects the reproductive success of the ground-nesting black grouse
Tetrao tetrix. Ecography 18, 109±113.
Lack, D., 1954. The Natural Regulation of Animal Numbers. Clarendon Press, Oxford.
Latta, S.C., Wunderle Jr., J.M., Terranova, E., PagaÂn, M., 1995. An
experimental study of nest predation in a subtropical wet forest following hurricane disturbance. Wilson Bulletin 107, 590±602.
Laurance, W.F., Yensen, E., 1991. Predicting the impacts of edge
eects in fragmented habitats. Biological Conservation 55, 77±92.
Laurance, W.F., Garesche, J., Payne, C.W., 1993. Avian nest predation in modi®ed and natural habitats in tropical Queensland: an
experimental study. Wildlife Research 20, 711±723.
Lay, D.W., 1938. How valuable are woodland clearings to birdlife?
Wilson Bulletin 50, 254±256.
Lennington, S., 1979. Predators and blackbirds: the ``uncertainty
principle'' in ®eld biology. Auk 96, 190±192.
Leopold, A., 1933. Game Management. Charles Scribner's Sons, New
York.
Levenson, J.B., 1981. Woodlots as biogeographic islands in southeastern Wisconsin. In: Burgess, R.L., Sharp, D.M. (Eds.), Forest
Island Dynamics in Man-Dominated Landscapes (Ecological Studies 41). Springer-Verlag, New York, pp. 13±39.
Linder, E.T., Bollinger, E.K., 1995. Depredation of arti®cial ovenbird
nests in a forest patch. Wilson Bulletin 107, 169±174.
Major, R.E., Kendal, C.E., 1996. The contribution of arti®cial nest
experiments to understanding avian reproductive success: a review
of methods and conclusions. Ibis 138, 298±307.
Mankin, P.C., Warner, R.E., 1992. Vulnerability of ground nests to
predation on an agricultural habitat island in east-central Illinois.
American Midland Naturalist 128, 281±291.
Marini, M.A., Robinson, S.K., Heske, E.J., 1995. Edge eects of nest
predation in the Shawnee National Forest, southern Illinois. Biological Conservation 74, 203±213.
Martin, T.E., 1988a. Habitat and area eects on forest bird assemblages: is nest predation an in¯uence? Ecology 69, 74±84.
Martin, T.E., 1988b. Processes organizing open-nesting bird assemblages: competition or nest predation? Evolutionary Ecology 2, 37±
50.
Martin, T.E., 1992. Breeding productivity considerations: what are the
appropriate habitat features for management?. In: Hagan, J.M.I.,
Johnston, D.W. (Eds.), Ecology and Conservation of Neotropical

374

D.C. Lahti / Biological Conservation 99 (2001) 365±374

Migrant Landbirds. Smithsonian Institution Press, Washington,
DC, pp. 455±473.
Martin, T.E., 1995. Avian life history evolution in relation to nest sites,
nest predation, and food. Ecological Monographs 65, 101±127.
Mùller, A.P., 1989. Nest site selection across ®eld-woodland ecotones:
the eect of nest predation. Oikos 56, 240±246.
Murcia, C., 1995. Edge eects in fragmented forests: implications for
conservation. Trends in Ecology and Evolution 10, 58±62.
Nice, M.M., 1957. Nesting success in altricial birds. Auk 74, 305±321.
Niemuth, N.D., Boyce, M.S., 1997. Edge-related nest losses in Wisconsin pine barrens. Journal of Wildlife Management 61, 1234±1239.
Nour, N., Matthysen, E., Dhondt, A.A., 1993. Arti®cial nest predation and habitat fragmentation: dierent trends in bird and mammal predators. Ecography 16, 111±116.
Pasitschniak-Arts, M., Messier, F., 1995. Risk of predation on waterfowl nests in the Canadian prairies: eects of habitat edges and
agricultural practices. Oikos 73, 347±355.
Pasitschniak-Arts, M., Messier, F., 1996. Predation on arti®cial duck
nests in a fragmented prairie landscape. Ecoscience 3, 436±441.
Pasitschniak-Arts, M., Clark, R.G., Messier, F., 1998. Duck nesting
success in a fragmented prairie landscape: is edge eect important?
Biological Conservation 85, 55±62.
Paton, P.W.C., 1994. The eect of edge on avian nest success: how
strong is the evidence? Conservation Biology 8, 17±26.
Payne, R.B., Payne, L.L., 1998. Brood parasitism by cowbirds: risks
and eects on reproductive success and survival in indigo buntings.
Behavioral Ecology 9, 64±73.
Picman, J., Milks, M.L., Leptich, M., 1993. Patterns of predation on
passerine nests in marshes: eects of water depth and distance from
edge. Auk 110, 89±94.
PoÈysaÈ, H., Milono, M., Virtanen, J., 1997. Nest predation in holenesting birds in relation to habitat edge: an experiment. Ecography
20, 329±335.
Ratti, J.T., Reese, K.P., 1988. Preliminary test of the ecological trap
hypothesis. Journal of Wildlife Management 52, 484±491.
Reitsma, L.R., Holmes, R.T., Sherry, T.W., 1990. Eects of removal
of red squirrels, Tamias hudsonicus, and eastern chipmunk, Tamias
striatus, on nest predation in a northern hardwood forest: an arti®cial nest experiment. Oikos 57, 375±380.
Ricklefs, R.E., 1969. An analysis of nesting mortality in birds. Smithsonian Contributions to Zoology 9, 1±48.
Robinson, S.K., Thompson III, F.R., Donovan, T.M., Whitehead,
D.R., Faaborg, J., 1995. Regional forest fragmentation and the
nesting success of migratory birds. Science 267, 1987±1990.
Rogers, C.M., 1994. Avian nest success, brood parasitism and edgeindependent reproduction in an Alaskan wetland. Journal of Field
Ornithology 65, 433±440.
Roper, J.J., 1992. Nest predation experiments with quail eggs: too
much to swallow? Oikos 65, 528±530.
Rudnicky, T.C., Hunter Jr., M.L., 1993. Avian nest predation in
clearcuts, forests, and edges in a forest-dominated landscape. Journal of Wildlife Management 57, 358±364.
SandstroÈm, U., 1991. Enhanced predation rates on cavity bird nests at
deciduous forest edges: an experimental study. Ornis Fennica 68,
93±98.
Santos, T., TellerõÂa, J.L., 1992. Edge eects on nest predation in
Mediterranean fragmented forests. Biological Conservation 60, 1±5.
Scott, D.M., Weatherhead, P.J., Ankney, C.D., 1992. Egg-eating by
female brown-headed cowbirds. Condor 94, 579±584.

Sherry, T.W., Holmes, R.T., 1992. Population ¯uctuations in a longdistance neotropical migrant: demographic evidence for the importance of breeding season events in the American redstart. In: Hagan,
J.M.I., Johnston, D.W. (Eds.), Ecology and Conservation of Neotropical Migrant Landbirds. Smithsonian Institution Press,
Washington, DC, pp. 431±442.
Sloan, S.S., Holmes, R.T., Sherry, T.W., 1998. Depredation rates and
predators at arti®cial bird nests in an unfragmented northern hardwoods forest. Journal of Wildlife Management 62, 529±539.
Small, M.F., Hunter Jr., M.L., 1988. Forest fragmentation and avian
nest predation in forested landscapes. Oecologia 76, 62±64.
SoÈderstroÈm, B., PaÈrt, T., RydeÂn, J., 1998. Dierent nest predator faunas and nest predation risk on ground and shrub nests at forest
ecotones: an experiment and a review. Oecologia 117, 108±118.
Storch, I., 1991. Habitat fragmentation, nest site selection, and nest
predation risk in capercaillie. Ornis Scandinavica 22, 213±217.
Suarez, A.V., Pfennig, K.S., Robinson, S.K., 1997. Nesting success of
a disturbance-dependent songbird on dierent kinds of edges. Conservation Biology 11, 928±935.
Temple, S., Cary, J.R., 1988. Modeling dynamics of habitat-interior
bird populations in fragmented landscapes. Conservation Biology 2,
340±347.
Vander Haegen, W.M., DeGraaf, R.M., 1996. Predation on arti®cial
nests in forested riparian buer strips. Journal of Wildlife Management 60, 542±550.
Vickery, P.D., Hunter Jr., M.L., Wells, J.V., 1992. Evidence of incidental nest predation and its eects on nests of threatened grassland
birds. Oikos 63, 281±288.
Whittaker, R.H., Likens, G.E., 1973. Carbon in the biota. In: Woodwell, G., Pecan, E.V. (Eds.), Carbon and the Biosphere Conference
72501. National Technical Information Service, Spring®eld, VA, pp.
281±300.
Wilcove, D.S., 1985. Nest predation in forest tracts and the decline of
migratory songbirds. Ecology 66, 1211±1214.
Wilcove, D.S., Mclellan, C.H., Dobson, A.P., 1986. Habitat fragmentation in the temperate zone. In: SouleÂ, M.E. (Ed.), Conservation
Biology: The Science of Scarcity and Diversity. Sinauer Associates,
Sunderland, MA, pp. 237±256.
Wong, T.C.M., Sodhi, N.S., Turner, I.M., 1998. Arti®cial nest and
seed predation experiments in tropical lowland rainforest remnants
of Singapore. Biological Conservation 85, 97±104.
Yahner, R.H., 1988. Changes in wildlife communities near edges.
Conservation Biology 2, 333±339.
Yahner, R.H., 1991. Avian nesting ecology in small even-aged aspen
stands. Journal of Wildlife Management 55, 155±159.
Yahner, R.H., Wright, A.L., 1985. Depredation on arti®cial ground
nests: eects of edge and plot age. Journal of Wildlife Management
49, 508±513.
Yahner, R.H., Scott, D.P., 1988. Eects of forest fragmentation on
depredation of arti®cial nests. Journal of Wildlife Management 52,
158±161.
Yahner, R.H., Mahan, C.G., 1997. Eects of logging roads on depredation of arti®cial ground nests in a forested landscape. Wildlife
Society Bulletin 25, 158±162.
Yahner, R.H., Mahan, C.G., Delong, C.A., 1993. Dynamics of
depredation on arti®cial ground nests in habitat managed for rued
grouse. Wilson Bulletin 105, 172±179.
Yosef, R., 1994. The eects of fencelines on the reproductive success
of loggerhead shrikes. Conservation Biology 8, 281±285.

