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ABSTRACT

Although open-cup nesting birds generally face increased risk of nest depredation from forest edge predators and brood parasites in fragmented temperate landscapes,
little information exists to assess such risks in tropical birds. We compared nesting success of real birds™ nests in large and small forest fragments to a control site
in Caribbean lowland wet forest of Costa Rica. Pooling across species, nesting success was significantly greater in unfragmented forest than in either small, isolated
fragments or the La Selva Biological Reserve, which is at the tip of a forest ‘peninsula’ embedded in a largely deforested landscape. Nesting success in isolated fragments
did not vary according to distance from edge, suggesting that predators in fragments act throughout these forest patches. The case for increased nest predation as a
plausible mechanism to explain the documented decline of forest interior bird populations in this fragmented tropical landscape is enhanced by a simple demographic
model that suggests nesting success is likely too low to maintain populations at La Selva and in the fragments. The fact that the large (> 1000 ha) La Selva forest
reserve is experiencing nest predation rates similar to those in much smaller fragments is cause for concern. Our results make a strong case for additional studies to

document the identities of nest predators in both fragmented and unfragmented forests in such tropical forest landscapes.

Abstract in Spanish is available at http://www.blackwell-synergy.com/loi/btp.
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CONSERVATION BIOLOGISTS HAVE FOCUSED MUCH ATTENTION on
the consequences of habitat loss and fragmentation for tropical bird
populations (e.g., Thiollay 1997, Bierregaard ez al. 2001, Stratford
& Robinson 2005, Stouffer ez al. 2006), where the stakes are high
due to high species richness. This richness typically declines with
decreasing forest patch size (Stratford & Stouffer 1999, Stouffer
et al. 2006, Ferraz et al. 2007) and increasing isolation and time
(Ferraz et al. 2003, Ferraz et al. 2007). Primary mechanisms that
drive these patterns in temperate regions are reduced nesting success
due to increased nest predators and brood parasites (Wilcove 1985,
Wilcove et al. 1986, Robinson et al. 1995), both associated with
edge habitat, as well as reduced pairing success (Lampila ez /. 2004).
Although additional mechanisms of population extirpation appear
to operate in tropical landscapes (Sodhi ez 2l 2004, Stratford &
Robinson 2005, Lindell ez a/. 2007), the potential detrimental effect
of diverse nest predators in fragmented tropical landscapes remains
poorly evaluated (Brawn ez a/. 1998, Stratford & Robinson 2005).
Thus, an important step to understand tropical forest fragmentation
impacts on birds is to address whether or not birds experience
reduced nesting success in tropical forest fragments (Bierregaard &
Stouffer 1997, Brawn et al. 1998).

Based on limited evidence, nest predation appears to increase
in fragmented tropical landscapes. First, tropical nest predators are
relatively diverse, including many species of reptiles, mammals,
and birds (Ricklefs 1969, Skutch 1985, Roper & Goldstein 1997,
Robinson & Robinson 2001, Robinson ez a/. 2005a). This is likely
to expose forest edge birds to many potential predators. Second,
tropical nest predator populations are likely controlled by higher
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trophic level predators that typically disappear from fragmented
landscapes. The ‘meso-predator release’ hypothesis states that nest
predator densities in human-generated habitat patches are expected
to increase as fragmentation progresses (Soulé ez /. 1988, Turner
1996, Crooks & Soulé 1999). This mechanism is not restricted
to tropical environments, but has attracted attention from tropical
ecologists because large cats and other top predators often disappear
from fragmented landscapes. A complication is that humans typ-
ically hunt in the most accessible forest patches, and the diversity
of prey species and intensity of hunting pressure can vary widely
(Robinson 1996, Peres 2000, Peres & Lake 2003). Thus, if hunted
species are also the major nest predators in a system, humans may
replace top carnivores in fragmented landscapes and prevent nest
predation from rising dramatically. However, because much tropi-
cal avian nest predation appears to be from snakes (Skutch 1985,
Robinson & Robinson 2001, Weatherhead & Blouin-Demers 2004,
Robinson ez al. 2005a), which are typically killed only opportunis-
tically by humans, one hypothesis is that a decrease in top predators
could lead to an increase in reptilian nest predators. Unfortunately,
we generally lack data on snake abundance in tropical forests, and
the potential for snakes to control populations of birds remains
poorly investigated in tropical regions (but see Wiles ez a/. 2003 for
an extreme example).

Brood parasites might also pose a threat to nesting success by
tropical birds. For example, the Neotropics contain more species of
brood parasites, including cowbirds (Molothrus spp.) and some cuck-
oos (Tapera naevia, Dromococcyx spp.), than most temperate regions.
However, most tropical cowbirds and all three parasitic cuckoos
parasitize only a narrow range of hosts (Sick 1993, Payne 1997), in
contrast to the generalist brown-headed cowbird (M. ater) in North
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America (Lowther 1993). The shiny cowbird (M. bonariensis), the
one Neotropical cowbird with a wide host range and an expand-
ing geographic range, does not yet appear to threaten Neotropical
forest birds as much as the brown-headed cowbird threatens forest-
based species in North America (Lowther & Post 1999, Stratford
& Robinson 2005; but see Woodworth 1997). Although increased
brood parasitism is a serious problem in some tropical secondary
forest and scrub habitats (Woodworth 1997, 1999), it is not cur-
rently a widespread consequence of tropical forest fragmentation on
breeding birds in mainland Neotropical forests. A variety of Pale-
otropical cuckoos are brood parasites on forest interior insectivorous
birds, but some may also be more sensitive to fragmentation than
their hosts, and thus pose little, if any, threat to their host pop-
ulations in fragmented forest landscapes (Payne 1997, Brooker &
Brooker 2003).

We understand how patch size, edge effects, degree of isolation,
and other factors associated with forest fragmentation have impacted
temperate bird communities (e.g., Robinson eza/. 1995, Villard ez al.
1999, Sallabanks ez a/. 2000, Lloyd ez al. 2005) far better than in the
tropics. A persistent barrier to understanding nest predation impacts
in tropical landscapes is the difficulty of finding large numbers of
sparsely distributed and well-concealed nests, and a consequent
reliance on artificial nest studies. However, such studies are likely to
be biased because predators and predation rates often differ between
artificial and natural nests (Moore & Robinson 2004, Thompson
& Burhans 2004, Robinson ez 2/ 2005b).

Few studies of fragmentation effects on natural nests exist from
tropical forests (Turner 1996, Lahti 2001, Chalfoun ez a/. 2002). In
Costa Rica, Lindell and Smith (2003) found that the main effect of
fragmentation on forest interior species was a loss of breeding habi-
tat; many forest species simply did not nest in the nonforest plots.
However, taking species that nested in both forest and nonforest,
nest success rate did not differ between pasture, abandoned coffee
plantation, and mature forest (Lindell 8 Smith 2003). Because their
study area was largely forested, it is possible that the nonforested
areas were too small and isolated to contain a full suite of nest
predators typical of deforested landscapes, but predators were not
identified (Lindell & Smith 2003). Insufficient evidence exists to
date to evaluate the effects of tropical forest fragmentation on nest
success.

The Caribbean lowlands of Costa Rica are appropriate for
studying forest fragmentation because the region has undergone
intense deforestation over the past 40 yr. Forest habitats remain
almost exclusively in private and public reserves (Sdnchez-Azofeifa
et al. 1999, Read ez 2l 2001, Sanchez-Azofeifa ez al. 2001). La Selva
Biological Station is part of a large forested peninsula in a largely
agricultural landscape in the northern Caribbean lowlands (Butter-
field 1994). La Selva and other smaller forest fragments have lost a
significant number of forest-based avian species in the past 30-40
yr (Rangel-Salazar 1995, Matlock ez a/. 2001, Sigel ez al. 2006, Sigel
2007). The Organization for Tropical Studies successfully protects
its La Selva property from poachers, as evidenced by the increases in
recent decades in populations of monkeys, medium-sized cursorial
mammals including opportunistic nest predators such as white-
nosed coati (Nasua narica) and collared peccary (Pecari tajacu; TW.

Sherry, pers. obs.). Increases in opportunistic nest predators could
be a factor contributing to the declines and disappearances of forest
interior bird species from the region’s forest fragments.

In this study, we asked how daily nest survivorship and nest
success vary among small forest fragments, peninsular La Selva,
and the much larger Braulio Carrillo National Park. We predicted
lower daily nest survival in all the fragmented sites compared to
the two reserve sites (La Selva and Braulio Carrillo). We also pre-
dicted that within the fragments proximity to edge would decrease
nesting success, based on pronounced edge effects in some tem-
perate zone birds (but see Walters 1998, Lahti 2001), and based
on tropical forest edge effects involving the physical environment
and diverse organisms (e.g., Laurance ez a/. 2002) that could impact
birds directly or indirectly. Across all sites, we asked how nest type
influences nesting success, and we predicted that cavity and covered
nests would experience higher survival than open cup or ground
nests (Martin 1995). Finally, we developed a simple demographic
model to explore consequences of fragmentation-caused changes in
nesting success.

METHODS

STUDY SITES.—The six study sites consisted of four rain forest frag-
ments, the La Selva Biological Reserve (hereafter ‘La Selva’), and
Braulio Carrillo National Park (hereafter ‘Braulio Carrillo’; Table 1;
Fig. 1). All are characterized as tropical wet forest (Holdridge 1967)
and consist of old-growth forest with average canopy height of 28—
38 m (Lieberman ez a/. 1985). Rainfall at La Selva averages 3692
mm annually, with only a brief drier period typically in January
through March (Sanford ez al. 1994). Precipitation was not mea-
sured at Braulio Carrillo, but is likely to be greater due to its higher
elevation on the windward side of the Central Volcanic Cordillera
(Coen 1983).

The four fragments were isolated from extensive forest during
the early to mid 1980s, and are now completely surrounded by
banana plantations. All fragments were disturbed more recently
to some degree by the extraction of a few large trees. Agricultural
workers dug drainage ditches in the Gavildn fragment in preparation
for clearing to extend a banana plantation, but then abandoned the
effort. The fragments are separated from each other and all other
forest remnants by over 2 km. The fragments are separated from
La Selva by 4.5-11 km of agricultural lands dominated by banana
plantations.

La Selva is located at the tip of an 18 x 4-5 km peninsula
of protected forest connected to Braulio Carrillo National Park (>
40,000 ha; Fig. 1). The peninsula also rises steeply in elevation
from 100 m asl at the La Selva-Braulio Carrillo boundary to 1000
m asl where it connects to the main body of the park. All La
Selva study plots were in old-growth forest located > 500 m from
younger forest. The Braulio Carrillo plots were located > 2 km
from the nearest disturbed or edge area. Plots in fragments were
located centrally within each fragment, although the plot edges
in the smallest fragments were as close as 30 m to the fragment
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TABLE 1. Characteristics of the six study sites in northeastern Costa Rica.

Character Braulio Carrillo La Selva La Colonia Hotel Gavildn Nogal
Landscape type Large reserve Peninsular reserve Fragment Fragment Fragment Fragment
Extent of old-growth forest (ha) > 40,000 1000 40 20 10 20
Elevation (m asl) 400 60 20 20 20 20
1997 Plot size (ha), number of plots - 4,4 - - 4,2 4,2
1998 Plot size (ha), number of plots 6,2 6,2 6,1 6,1 4,2 4,2

edge. To increase the independence of the samples, the 1998 plots
did not overlap the 1997 plots at La Selva. The two fragments
studied in both 1997 and 1998 (Gavil4an and Nogel) were too small
to contain annually nonoverlapping plots. The other three sites
(Braulio Carrillo, La Colonia, and Hotel) were sampled only in
1998.

Although all sites are in the same life zone, the Braulio Carrillo
site is at a higher elevation (Table 1). Ideally this large reserve site
would be at the same elevation as the other sites, but the few other
large reserves below 100 m on the Atlantic slope in Costa Rica (e.g.,
Tortuguero National Park) are substantially smaller, and logistically
far more difficult to study. Some bird species typical of higher
elevation forest are more common in the Braulio Carrillo plot than
at La Selva, but most lowland species also occur at the site used for
this study (Stiles ez 2/, 1989). Furthermore, bird species similarity
observed on our La Selva and Braulio Carrillo plots (Jaccard Index
[JI] = 0.40) falls well within the range of similarities between
fragmented plot sites at the same elevation (JI = 0.32-0.61).

Most of the potential nest predators we detected occurred at
all sites (B. E. Young, unpubl. data). Only top predators and pri-
mates requiring large home ranges were missing from the fragments,
while one squirrel species occurred only in the fragments. The local
brood parasites, bronzed cowbird (Molothrus aeneus) and striped
cuckoo, generally parasitize birds nesting in more disturbed ar-
eas than our forested study sites. The brood parasitic giant cowbird
(M. oryzivorus) parasitizes only oropendolas (Psarocolius spp.), which
nest too high to be monitored in the present study.

NEST SEARCHING.— We searched for nests within plots from January
to July 1997, and March to June 1998 (see Table 1 for plot sizes).
We searched each plot thoroughly twice each week from 0630 h
to 1200 h using standard methods (Ralph ez a/. 1993). We also
visited all active nests twice weekly to monitor nesting success. To
prevent potential nest predators from detecting nests as a result
of human activity (e.g., Gotmark 1992), we checked nests with
single observers from as far away as feasible with binoculars. When
possible, we checked nests during our normal nest searching to
avoid making special trips to the nest area.

DATA ANALYSES.—We calculated nesting success using the Mayfield
(1961, 1975) method, assuming all nests whose contents disap-
peared before fledging to be lost to predation. The analyses included
only those nests whose contents we could observe regularly. We be-

gan counting exposure days for nests when we first saw an egg or
chick in the nest. We scored nests that fledged reduced broods as
successful because most predators take all eggs or chicks (Ricklefs
1969, Robinson et al. 2000). For nests that were abandoned (eggs
cold), we included exposure days that preceded abandonment in the
analysis as predation-free days, and estimated abandonment date in
the same way as predation date. We did not score the abandonment
event as a nest loss because of the possibility that our nest visits
caused the abandonment.

We compared daily survival rates in different landscape con-
texts using CONTRAST (Sauer & Williams 1989), based on
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FIGURE 1. Map of Costa Rican study plot locations. Shaded areas represent
remaining forest cover according to LANDSAT data collected in 2000.
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Chi-squared distributions. To allow estimation of overall nesting
success, we assumed that laying, incubation, and nestling stages
combined last 30 d, an average for the species with published nest-
ing period information (Skutch 1954, 1960, 1969). An average was
necessary in our calculations because we did not have separate daily
nesting success data by species. We assumed that daily survival rates
do not vary with nesting stage and other possible covariates, admit-
tedly an oversimplification (e.g., Rotella ez 2/. 2004); and we also
assumed that nesting success from one day to the next is statistically
independent. Sample sizes were insufficient to examine variation
among nesting stages.

Sample sizes were also insufficient to compare daily survivor-
ship for any single species among the three landscape classes. For
example, the species whose nests were found most frequently was
Thamnophilus atrinucha, with only 14 nests (Table S1). We argue it
is reasonable to pool all species here based on the assumption that
few nest predators distinguish nests according to species. Rather,
nest predators probably make gross distinctions based on nest ac-
cessibility and, in the case of snakes, eggs or chicks that are small
enough to be consumed. Thus, instead of grouping by species we
compared nesting species by ecological factors more likely to be
meaningful to nest predators: (1) all species; (2) species that con-
struct open-cup nests; (3) hummingbirds (all of which in this study
attached their open-cup nests to the tips of palm leaflets or He-
liconia spp. leaves); and (4) species or genera that were common
to two or more landscape classes. To test the hypothesis that en-
closed and cavity nests are safer from predation than open nests,
we compared the daily survivorship of all cavity (including burrow)
and enclosed (including domed, retort-shaped, or pyriform) nests
versus open-cup nests, again using CONTRAST.

To determine whether nesting success increased with distance
from forest edge we categorized nests a priori as edge (< 75 m),
intermediate (76—125 m), or interior (> 125 m), and then com-
pared daily survivorship using CONTRAST. These categories are
arbitrary, but correspond to changes in microclimate and increased
presence of nonforest species at < 75 m from edges, and to decreases
in invertebrate abundance and canopy height at up to 125 m from
edges (Laurance ez al. 2002). We performed this analysis only on
nests found in fragments because all study plots at La Selva and
Braulio Carrillo were > 500 m from edges. All data are presented
as mean + 1 SE.

DEMOGRAPHIC MODEL.—We explored the practical effect of
fragmentation-caused differences in nesting success using a simple
demographic model parameterized for the spotted antbird (Hylo-
phylax naevioides; Table 2, largely from Styrsky 2003), one of the
rain forest understory species included in the present study. Our
female-based model assumes that birds begin reproducing when
they are 1-yr old, that the population is spatially discrete (corre-
sponding to isolation in a forest fragment), that reproduction takes
place during one breeding season per year, and that age does not
influence reproductive success or survivorship. The closed form of
the model is

h=s,+i(c/2)ns,

TABLE 2. Spotted Antbird life-history measures used to parameterize the demo-

graphic model.
Life-history Termin  Value (&
measure model 95% CI) Source
Adult survivorship1 Sa 0.75 (0.066)  Styrsky 2003
Clutch size c 22 Robinson et al. 1999
Number of nests i 4 Styrsky 2003

initiated per year
0.24 (0.06)  Scaled from tropical
population of Troglodytes

Annual survivorship 5
from fledging to age
lyr aedon, Young 19963

'Adult male and female survivorship are not significantly different (Styrsky
2003).

2The model assumes one egg per clutch yields a female offspring, i.e., balanced
sex ratio.

3Assumes higher fledgling survivorship proportional to the higher adult sur-

vivorship of spotted antbirds, i.e., sj(antbird) = sj(wren) X s, (antbird)/s, (wren).

where A is the population multiplication rate, s, is adult survivor-
ship, 7 is the number of clutches initiated per year, ¢ is clutch size
(dividing by 2 assumes an equal sex ratio), 7 is nesting success, and s;
is juvenile survivorship, i.e., from fledging to entry into the breeding
population the following year. Setting A equal to 1 and solving for
nyields the minimum nesting success needed to stabilize the female
population.

RESULTS

NESTING SUCCESS.—During the 2 yr of study we monitored 130
nests of 43 species on all plots (Table S1). The majority of nests were
found during the dry season (February—mid May). We found most
of the nests early in the nesting cycle, either in construction (12%)
or incubation (73%) stages. We detected no annual differences
in daily survivorship in either La Selva or the fragments (using
CONTRAST), thus we present results of data pooled across years
from these sites (other sites were only sampled in one year). Overall,
nesting success was poor. For the entire study, all nests pooled, daily
survivorship probability was 0.954 £ 0.005, yielding a nesting
success of 24.4 percent (0.954%, i.c., the product of average daily
survival rate for all 30 d of the standard nest-exposure period).
Predation was responsible for 91 percent of all failed nests. The
remaining nests failed due to either branch or treefalls, or flooding,
the sole causes of abandonment observed here. No abandonment
was attributable to human disturbance. Additionally, no nests were
parasitized by either cowbirds or cuckoos.

Daily survivorship, based on pooled nests for all species, was
significantly higher at Braulio Carrillo than either La Selva or the
isolated small fragments (Table 3). Estimated nesting success was
2.5 times higher at Braulio Carrillo than elsewhere. The pattern for
open-cup nests parallels that found overall nest success was at least
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TABLE 3. Nesting success of birds in three landscape classes in northern Costa Rica. Nesting success is calculated assuming a 30-day nesting period (i.e., daily survival

probability raised 1o the power of 30; see Methods). Differences in nesting success are tested with x2.

Landscape class

Braulio Carrillo

La Selva Fragments

Daily survival

Daily survival

Daily survival

probability Nesting probability Nesting probability Nesting
Comparison N (SE) success N (SE) success N (SE) success X2 (df) P
All nests 25 0.977 (0.008) 0.501 47 0.948 (0.009) 0.200 58 0.948 (0.008) 0.202 8.6 (2) 0.01
Open cup nests 14 0.973 (0.012) 0.437 34 0.932(0.013) 0.125 42 0.951 (0.009) 0.222 5.3(2) 0.07
Hummingbirds - - _ 16 0949 (0.016) 0206 27 0.962(0.010) 0310  049(1)  0.48
Species/genera in common to 15 0.975 (0.011) 0.466 40  0.945 (0.011) 0.182 40 0.946 (0.010) 0.192 4.9 (2) 0.08
> 1 landscape class
twice as high at Braulio Carrillo than elsewhere, but this was not DISCUSSION

statistically significant (P = 0.07). We found no hummingbird nests
at Braulio Carrillo, and daily survivorship of hummingbird nests did
notdiffer in the two other landscape classes. Finally, a comparison of
only those species or genera for which we found nests in more than
one of the three landscape classes showed a nonsignificant trend for
daily survivorship to be greater at Braulio Carrillo than either La
Selva or the fragments.

NEST TYPE.—Nest type did not appear to influence daily survivor-
ship in this study. Daily survivorship of cavity (0.970 £ 0.011;
N = 14), enclosed (0.958 £ 0.013; N = 21), and open cup
(0.950 £ 0.006; N = 95) nests from all the sites pooled did not
differ significantly (x? =2.70,df =2, P = 0.206).

DISTANCE FROM EDGE.—The distance of a nest from a fragment
edge also did not influence daily survivorship. Daily survivorship
of edge (0.929 £ 0.064; N = 19), intermediate (0.961 % 0.056;
N = 24), and interior (0.950 & 0.069; N = 15) nests did not differ
significantly (x2=0.14,df =2, P = 0.93).

DEMOGRAPHIC MODEL.—Using demographic parameters for the
Spotted Antbird (Styrsky 2003; Table 2), one of the best-known
species at our study site demographically, we estimate that an aver-
age 0f 0.266 (95% CI: 0.156—0.454) nesting success is necessary for
a stable population. Populations in which females require more than
one year to mature, those with fewer nesting attempts per season,
and those with lower adult survivorship (e.g., in fragments) would
require even higher nesting success to persist. Nesting success at
both La Selva and the fragments was lower than 0.22 for all com-
parisons (except hummingbirds occurring in fragments), whereas
the measures of success for nests in Braulio Carrillo were all greater

than 0.43.

This study is among the first tropical studies to demonstrate an
influence of forest fragmentation on overall avian nesting suc-
cess using real nests, although pooled across species. Birds in-
habiting small forested fragments had less than half the nesting
success of birds nesting in the large forest reserve (Braulio Car-
rillo). A 1000-ha old-growth forest at La Selva, although con-
nected by a corridor to a much larger protected area, did not af-
ford any higher nesting success to forest interior birds than small
40-ha fragments. Thus, La Selva behaved as a forest fragment in
terms of nesting success. Within fragments, distance from frag-
ment edge in small fragments did not appear to influence nesting
success.

What is the practical effect of the differences in nesting success
we observed on population trends in this landscape? Although the
differences seem to be substantial, the low nesting success might not
be severe enough to prevent population persistence. For example,
many tropical birds survive better as adults than temperate counter-
parts (Johnston ez al. 1997, Ricklefs 1997, Peach ez al. 2001, but see
Karr ez al. 1990, Sandercock ez al. 2000), and tropical birds also ap-
pear to renest more readily following failure (Sieving & Karr 1997).
Our demographic model represents a first, approximate attempt to
calculate for tropical rain forest species the minimum nesting suc-
cess necessary for breeding adults to replace themselves. Our model
is simplistic, e.g., by ignoring age-specific nesting success and sur-
vival, and by parameterizing it for only one forest interior species.
Nonetheless, the model supports the contention that observed dif-
ferences in nesting success potentially explain why populations of
some species have declined in tropical forest fragments: The nesting
success we have documented at La Selva and in nearby fragments ap-
pears to be sufficiently low (< 0.19) to fail to maintain populations,
particularly in La Selva open-cup nests (Table 3). If fragments also
experience either reduced adult survival, juvenile survival, clutch
size, or number of renesting attempts, all of which seem plausible,
then even greater nesting success would be necessary to maintain
the populations.
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The finding of relatively high nest predation rates in the small-
est fragments and at La Selva suggests that the relevant nest predators
responded to aspects of the landscape such as forest patch area and
isolation. Further interpretation of our results requires identifying
and quantifying the nest predators, and doing so at a landscape
scale. The only satisfactorily unbiased way to identify predators
at real nests is with cameras, which are expensive and logistically
challenging at any scale (Moore & Robinson 2004, Robinson ez a/.
2005a, b). Larger sample sizes of nests are also clearly desirable, both
to parameterize demographic models and to examine species and
nest-type differences in susceptibility to nest predators. For exam-
ple, we likely lacked the statistical power to detect expected effects
of nest type, which have been documented in other tropical studies
(e.g., Robinson ez al. 2000).

The lack of a detectable edge effect per se on nest success
further suggests a landscape scale effect of nest predation. More-
over, this apparent lack of an edge effect suggests that whatever
animals contributed to nest depredation in the region may not be
edge-associated species, in contrast to many temperate forest frag-
mentation studies, but instead appear to be species that become
disproportionately abundant or effective at finding nests through-
out forest fragments, not just at forest edges. This interpretation is
consistent with other tropical studies that have documented imbal-
anced trophic relationships throughout forest islands (e.g., Terborgh
et al. 2001, Feeley 2003, Feeley & Terborgh 2006), although those
studies involved true islands created by dam construction. We did
not explicitly test for an edge effect in the Braulio Carrillo and La
Selva sites due to the location of these study sites well within large
forests. It is possible that our classification of ‘edge’ (in terms of
distance) is too narrow, or that a different set of distance criteria
for categorizing nests would better test for an edge effect. Although
we may have failed to detect an edge effect due to small sample
sizes, the very existence of a landscape effect (reduced nest success
overall in our smallest fragments) indicates that very large sample
sizes would be necessary to detect any edge effect, i.e., to detect
further reductions in nesting success near the site exteriors. Further
study of potential edge effect in large forests is needed to understand
the relative importance of edge versus landscape-scale effects. In a
south-temperate landscape in Chile, the evidence for an edge effect
on nest success depended on the edge context: edges of fragments
were actually safer from nest predation than fragment interiors, but
there was no apparent edge effect in large, control plots (De Santo
et al. 2002). All of these issues further justify the need to identify
nest predators, and to continue evaluating the likelihood that nest
predators benefit from forest edge.

Perhaps one of the most disturbing results of this study is that
La Selva behaves as a much smaller fragment with respect to nest
predation. La Selva is one of the larger (1600 ha of old and sec-
ond growth) Neotropical reserves, and one that is often considered a
‘control’ site in studies of forest fragmentation (e.g., Blake & Loiselle
2001, 2002; Matlock ez a/. 2001; Bell & Donnelly 2006). La Selva
also behaves as a much smaller fragment in terms of avian diversity
and community composition (Sigel ez al. 2006, Sigel 2007). This
suggests that La Selva’s avian diversity is currently limited by abnor-
mally high rates of nest predation combined perhaps with limited

immigration from the Braulio Carrillo corridor or any other po-
tential source areas in the region. Thus, some of the most pressing
research needs in fragmented tropical landscapes such as La Selva are
the identification of nest predators and quantification of dispersal
ability in different sized corridors, and across different kinds of non
old-growth forest matrices.
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