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Abstract. Nest predators can adversely affect the viability of songbird populations, and
their impact is exacerbated in fragmented habitats. Despite substantial research on this
predator–prey interaction, however, almost all of the focus has been on the birds rather than
their nest predators, thereby limiting our understanding of the factors that bring predators and
nests into contact. We used radiotelemetry to document the activity of two snake species (rat
snakes, Elaphe obsoleta; racers, Coluber constrictor) known to prey on nests in Midwestern
bird communities and simultaneously monitored 300 songbird nests and tested the hypothesis
that predation risk should increase for nests when snakes were more active and in edge habitat
preferred by both snake species. Predation risk increased when rat snakes were more active,
for all nests combined and for two of the six bird species for which we had sufficient nests to
allow separate analyses. This result is consistent with rat snakes being more important nest
predators than racers. We found no evidence, however, that nests closer to forest edges were at
greater risk. These results are generally consistent with the one previous study that
investigated rat snakes and nest predation simultaneously. The seemingly paradoxical failure
to find higher predation risk in the snakes’ preferred habitat (i.e., edge) might be explained by
the snakes using edges at least in part for non-foraging activities. We propose that higher nest
predation in fragmented habitats (at least that attributable to snakes) results indirectly from
edges promoting larger snake populations, rather than from edges directly increasing the risk
of nest predation by snakes. If so, the notion of edges per se functioning as ecological ‘‘traps’’
merits further study.

Key words: Coluber constrictor; edge; Elaphe obsoleta; field; forest; fragmentation; Midwest, USA;
nest predation; racer; rat snake; snake behavior; songbirds.

INTRODUCTION

Nest failure due to predation is a potent force

affecting populations and communities of nesting birds

(Ricklefs 1969, Martin 1988). As many bird species

decline (e.g., Askins 2000), the need to understand nest

predation has moved from being an ecological to a

conservation imperative. For most of its history, the

investigation of the interaction between birds and their

nest predators has focused almost exclusively on the

consequences of nest predation for birds (Weatherhead

and Blouin-Demers 2004), although not because the

importance of studying the nest predators has gone

unrecognized (e.g., Paton 1994, Marzluff and Restani

1999, Schmidt 1999, Chalfoun et al. 2002, Lima 2002,

Larivière 2003, Stephens et al. 2003). An impediment to

studying nest predators was identifying them and

quantifying their relative importance. Increasing use of

video surveillance of nests is overcoming that problem

(Thompson 2007), opening the way for studies that

investigate both birds and their nest predators. Here we

investigate whether spatial and temporal patterns of nest

predation in a Midwestern bird community can be

explained by habitat selection and activity of two snake

species that prey on their nests.

Increased nest predation is widely associated with

increased habitat fragmentation, where the fragments

are characterized by greater ratios of edge to interior

habitat (Faaborg et al. 1995). Although the ecological

effects of fragmentation and edge are often confounded

(Ries et al. 2004, Fletcher et al. 2007), nest predators

apparently respond positively to both (Chalfoun et al.

2002). Recent evidence has implicated snakes as

important nest predators that may respond to fragmen-

tation and edge in ways that contribute to increased nest

predation in fragmented habitats (Weatherhead and

Blouin-Demers 2004). First, reviews of studies in North

America that have monitored nests using video cameras

indicate that snakes are major nest predators (Weath-

erhead and Blouin-Demers 2004, Thompson 2007).
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Second, telemetry studies of snakes known to be nest

predators have found that these snakes preferentially use

forest edges (Weatherhead and Charland 1985, Blouin-

Demers and Weatherhead 2001a, Carfagno and Weath-

erhead 2006, Sperry et al. 2009). In the first study to

investigate predatory snakes and nesting birds simulta-

neously, Sperry et al. (2008) found that seasonal

variation in predation risk for two endangered bird

species in Texas was associated with temporal variation

in snake activity. In that study there was no clear

association between predation risk and snake habitat

use (including edge), despite the snakes in that study

preferring edges (Sperry et al. 2009). Our central goal

here was to follow that same approach of studying birds

and snakes simultaneously to determine if spatiotempo-

ral variation in the risk of nest predation was associated

with either snake activity or snake habitat preferences.

Previous studies of Midwestern bird communities

have documented edge and fragmentation effects on nest

predation (Robinson et al. 1995, Brawn and Robinson

1996, Suarez et al. 1997, Heske et al. 1999, Morse and

Robinson 1999). Snakes accounted for 87% of 30

documented cases (observations and video recording)

of nest predation made over the course of those studies

(S. K. Robinson and A. Suarez, unpublished data). Those

observations are consistent with data from other studies

in the same region, where snakes accounted for 63% of

86 instances of nest predation (Thompson et al. 1999,

Thompson and Burhans 2003). In those studies rat

snakes (Elaphe obsoleta) were the single most important

predator, accounting for 36% of all documented

predation events (see Plate 1). Racers (Coluber constric-

tor) accounted for only 8% of all nest predation in those

studies, but we included them here because they were

abundant at our study site. At our site in southern

Illinois both snake species preferentially use edge habitat

between forest and old fields during the bird-nesting

season, with rat snakes otherwise being forest specialists

and racers being field specialists (Carfagno et al. 2006).

The general prediction we test is that predation risk for

nests should be highest in forest–field edges and should

increase over the avian nesting season as snakes become

more active. Because rat snakes appear to be more

important nest predators than racers, relative to racers,

rat snake habitat use and activity should be better

predictors of predation risk.

METHODS

We conducted the study in 2003 at the Cache River

State Natural Area in southern Illinois. Habitat in the 3

3 4 km study area was a mosaic of mature upland and

bottomland forest and old fields in various stages of

succession. As indicated previously, the two snake

species we studied were chosen because of their

documented role as avian nest predators and because

they co-occur in areas characterized by the interface of

forest and old fields (Keller and Heske 2000, Carfagno

and Weatherhead 2006). Rat snakes and racers are

similar in size and although both species climb trees, rat

snakes are much more arboreal than racers (Carfagno

and Weatherhead 2006). Both species exploit a diverse

suite of avian and mammalian prey (Klimstra 1959,

Fitch 1963a, b, Weatherhead et al. 2003), although birds

are a more important component of rat snake diets

(Carfagno et al. 2006), probably reflecting their more

arboreal nature.

The snake data we use were part of a four-year

telemetry study of habitat use and movements of rat

snakes and racers, the general methods for which are

provided by Carfagno and Weatherhead (2006). In 2003

we tracked 12 rat snakes and 12 racers throughout the

bird-nesting season. Snakes were usually located every

other day. Each time a snake was located we mapped its

position using GPS. We used Hawth’s Analysis Tools

(Beyer 2004) in ESRI ArcGIS version 9 to calculate the

straight-line distance between successive locations. That

distance was divided by the number of days elapsed

between locations to estimate daily distance moved.

Individual values were then averaged across snakes

within species to obtain mean daily activity values for

each species for a given time period.

Bird methods

We searched for bird nests from 15 April through 15

August 2003 in the same areas where snakes were being

monitored, which included successional fields and

forests in the uplands and the floodplain of the Cache

River. We balanced our nest-searching effort so that all

habitats and parts of the study area were searched with

roughly equal effort. Once a nest was located, its

contents were checked, GPS coordinates were taken,

and nest height was recorded. Nests were flagged to

facilitate relocating them, with flags placed at least 3 m

from the nest to minimize cues that could be used by

predators. Nests were monitored every three days and

their contents recorded. Nest monitoring ceased when

nests were empty or had no signs of activity for at least

three consecutive visits. When nests had survived long

enough to fledge, a concerted effort was made to search

for fledglings in the vicinity of the nest to confirm

fledging. Nests located in dense foliage of old fields were

checked at the greatest distance possible to minimize

disturbing vegetation around the nest in ways that might

provide a clue for predators. High nests were checked

with poles with mirrors attached. GPS locations were

used to map all nests and determine their distance from

the nearest edge.

Statistical methods

We used an information-theoretic approach (Burn-

ham and Anderson 2002), following the logistic expo-

sure methods described by Shaffer (2004), to evaluate

support for 23 candidate models that could potentially

influence nest survival and to calculate daily nest

survival rates. Models were developed using habitat,

temporal, and snake activity variables, all two-way
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combinations of these variables, a global model (all

variables combined), and a null model (intercept only).

Habitat models included macro-habitat type (upland

forest, bottomland forest, old field or successional field),

distance to habitat edge (meters), and nest height

(meters). Temporal models included seasonal effects

(day of year). Snake activity models included average

daily rat snake distance traveled and average daily racer

distance traveled. We ran one analysis with all bird

species combined (excluding those with ,2 nests) and

separate analyses for each of the six most common

species. We included models incorporating effects of

species in the overall analysis, resulting in a total of 26

candidate models. All analyses were conducted in SAS

(SAS Institute 2004) using PROC GLM (Shaffer 2004).

We tested for multicollinearity using the tolerance

values from PROC REG (SAS Institute, Cary, North

Carolina, USA) and the global model (all variables

included) was tested for overdispersion using Pearson v2

test statistic (Burnham and Anderson 2002). In the

overall and individual species analyses we found little

evidence of model problems with multicollinearity (all

ĉ’s¼ 0.95–1.24) or overdispersion (all tolerance values �
0.48). We evaluated relative support for models using

Akaike’s Information Criteria with small sample bias

adjustment (AICc). Models were considered important if

DAICc (difference between the AICc of each model and

the lowest AICc value) was �2.0 AIC units (Burnham

and Anderson 2002). We also derived parameter

importance weights to estimate the plausibility of

habitat and snake factors as determinants of predation

risk.

We determined if nests were located closer to edges

than expected using a chi-square analysis. For this

analysis we defined edge as habitat within 15 m of the

interface between open habitat (e.g., field, river) and

forest (Blouin-Demers and Weatherhead 2001a, Carfag-

no and Weatherhead 2006). Expected edge proportions

were determined by choosing locations a random

distance and direction from snake locations (Carfagno

and Weatherhead 2006).

All means are presented 6 standard error.

RESULTS

We monitored a total of 300 nests of 19 species,

resulting in 3820 observation days (range of species

observation days ¼ 7–964; mean ¼ 212.06 6 57.71).

Among the six most common bird species sampled,

Acadian Flycatcher nests had the highest survival rates

and Northern Cardinals the lowest (Table 1). Most nests

were found in successional field habitats, although

habitat use and distance-to-habitat edges varied among

species (Table 2). The number of nests of all species

found in edges was proportional to the availability of

edges (v2¼ 0.28, P¼ 0.60). The same was true for five of

the six most common species (v2¼ 0.27–3.09, P¼ 0.08–

0.60), but field sparrows did nest in edges less often than

expected by chance (v2 ¼ 8.64, P , 0.01).

Radiotelemetry produced a total of 280 rat snake

locations (23.33 6 3.55 locations per snake, mean 6 SE)

and 452 racer locations (37.67 6 4.12 locations per

snake) during the time that birds were nesting. Racers

moved further per day on average than rat snakes (70.87

6 2.76 m and 49.23 6 2.07 m, respectively; see Carfagno

and Weatherhead 2008). We observed no seasonal

variation in activity for either snake species, but daily

variation in movement was substantial for both species

(Fig. 1). Daily movement by rat snakes was not

correlated with movement by racers (R2 ¼ 0.01). A

reason for the lack of correlation was that racer activity

TABLE 1. Number of nests monitored, average nest height, observation days, daily survival rate
(DSR), and 95% confidence intervals of DSR for the six most common bird species studied in
southern Illinois in 2003.

Species N Nest height (m) Obs. days DSR 95% CI

Acadian Flycatcher 31 5.44 6 0.50 479 0.956 0.934–0.971
Blue-gray Gnatcatcher 19 2.55 6 0.29 278 0.950 0.918–0.969
Field Sparrow 49 0.52 6 0.05 519 0.944 0.920–0.960
Indigo Bunting 81 1.07 6 0.10 964 0.948 0.932–0.960
Northern Cardinal 35 1.79 6 0.16 378 0.912 0.878–0.937
Yellow-breasted Chat 29 0.87 6 0.09 369 0.956 0.929–0.973

TABLE 2. Number of nests in each habitat type and distance to habitat edge (mean 6 SE) for all
bird species combined and for the six most common species sampled in southern Illinois in 2003.

Species
Bottomland

forest
Upland
forest

Old
field

Successional
field

Distance
to edge (m)

All species 34 43 34 189 84.3 6 4.9
Acadian Flycatcher 14 17 0 0 56.6 6 11.5
Blue-gray Gnatcatcher 0 0 5 14 134.2 6 24.0
Field Sparrow 0 0 13 36 119.4 6 13.2
Indigo Bunting 5 5 7 64 73.5 6 9.2
Northern Cardinal 5 7 3 20 55.6 6 11.3
Yellow-breasted Chat 0 0 3 26 89.9 6 13.7
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was much more closely tied to temperature than was rat

snake activity (R2 ¼ 0.42, P , 0.01 vs. R2 ¼ 0.14, P ¼
0.09; Fig. 2). ANCOVA confirmed that the slopes of the

relationships between activity and temperature differed

between the two snake species (F1,39¼ 15.31, P , 0.01).

For the analysis including nests of all species, the

model including rat snake activity and nest height was

the highest ranked (Table 3). Nest survival was

negatively associated with rat snake activity (model

averaged estimate ¼ �0.004, CL: �0.014, 0.007, all

values are mean and 95% CL) and positively associated

with nest height (0.025, CL: ¼�0.228, 0.279), although
the 95% CI for both model-averaged estimates included

zero. Effects of bird species, habitat, distance to edge,

and racer activity were not strong and none of these

variables was included in any of the highest ranked

models. Importance weights indicated that rat snake

activity was over twice as plausible as any other variable

in explaining overall variation in the probability of nest

predation (Table 4).

In the analyses of individual bird species, rat snake

activity was the highest ranked model for both Blue-gray

Gnatcatchers and Field Sparrows (Table 3). For both

species, rat snake activity was also present in most of the

competing models, which resulted in rat snake activity

having high importance weights for both species (Table

4). Nest survival was negatively associated with rat

snake activity for both species. Although the 95%

confidence intervals for the model-averaged estimates

encompassed zero, the proportion of nests that failed

was highest when rat snakes were most active (Fig. 3).

For Acadian Flycatchers, racer activity was the highest

ranked model, although contrary to expectation, the

direction of the effect was positive (model averaged

estimate ¼ 0.007, CL: �0.009, 0.023). However, the

confidence intervals again indicated uncertainty. Preda-

FIG. 1. Daily mean distance traveled per snake for rat snakes Elaphe obsoleta (solid line, solid triangles) and racers Coluber
constrictor (dashed line, open squares) in southern Illinois, 2003. Day 1 is 1 January.

FIG. 2. Distance traveled per week for rat snakes and racers relative to daily maximum temperature each week in southern
Illinois in 2003.
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tion risk for cardinals and chats appeared unrelated to

snake activity.

The model-averaged estimates suggested that nest

survival was positively associated with nest height for

four species (Field Sparrow, Indigo Bunting, Northern

Cardinal, and Yellow-breasted Chat), but negative for

Acadian Flycatchers and Blue-gray Gnatcatchers. The

two species with negative relationships were also the

species with the highest nests (Table 1).

Habitat type was included in the highest ranked

models only for Acadian Flycatchers. Flycatcher daily

nest survival was lower in bottomland forests (0.92, CL:

0.87, 0.96) compared to upland forest (0.97, CL: 0.94,

0.98). We did not find evidence supporting an effect of

distance to edge or seasonal effects on daily nest survival

for any species (Table 3). Although these variables were

present in a few of the competing models, they were only

present in combination with more supported variables.

For cardinals and chats, interpretation of our model

selection is difficult because the null model was the

highest ranked model (Table 3), indicating that the

explanatory variables used in the analyses did not have a

strong effect on daily nest survival.

DISCUSSION

Three general patterns emerged from our results.

First, nest predation risk increased when snakes were

active, and although racers are more active than rat

snakes, it was rat snake activity that emerged as the

better predictor of predation risk. This was consistent

with our prediction that rat snakes should be more

important because they account for more nest predation

than racers. Even for Field Sparrows, which nest in

habitat used more by racers than rat snakes, it was still

rat snake activity that predicted predation. This is

consistent with Thompson et al.’s (1999) observations

that rat snakes are more important nest predators than

racers in old fields. Second, contrary to our prediction,

nests closer to edges were not at greater risk of

predation. The only habitat feature that was associated

with predation risk was nest height, and the nature of

that association differed among bird species. Third,

none of the patterns we found was strong, suggesting

either that we did not record important variables that do

predict predation risk, or that predation is highly

stochastic. Some unexplained variation is likely to be a

consequence of us focusing only on snakes, given that

other predators almost certainly accounted for some

predation.

The lack of strong edge effects on nest predation is

generally consistent with results from other studies in the

nearby Shawnee National Forest of southern Illinois

(Robinson and Wilcove 1994, Marini et al. 1995). For

example, in a study of Kentucky Warblers (Oporornis

formosus), Morse and Robinson (1999) found strong

edge effects on brood parasitism by Brown-headed

Cowbirds (Molothrus ater) but no edge effects on nest

predation. Hoover et al. (2006) found some effect of

edge on nest predation rates on Acadian Flycatchers but

the decline was gradual over a 1.5-km distance from

edges and thus might not have been detectable on the

scale of this study. More generally, results of studies on

TABLE 3. Model selection results from logistic exposure
analyses examining habitat, temporal, and snake activity
(indicated by rat snake and racer, respectively) effects on
daily nest survival of the six most common bird species in
southern Illinois in 2003.

Species, competing models K DAICc wi

Combined species

Rat snake and nest height 3 0.00 0.27
Rat snake and season 3 1.12 0.16
Rat snake 2 1.29 0.14

Acadian Flycatcher

Racer and habitat 3 0.00 0.21
Racer and season 3 1.12 0.12
Global model 7 1.21 0.12
Habitat 2 1.30 0.11

Blue-gray Gnatcatcher

Rat snake 2 0.00 0.16
Rat snake and habitat 3 0.60 0.12
Rat snake and season 3 0.52 0.08
Rat snake and nest height 3 0.58 0.07
Rat snake and edge distance 3 0.73 0.07
Rat snake and racer 3 0.84 0.06
Null model 1 0.91 0.06

Field Sparrow

Rat snake 2 0.00 0.12
Null model 1 0.15 0.11
Rat snake and racer 3 0.85 0.08
Racer 2 1.37 0.06
Season 2 1.53 0.06
Rat snake and season 3 1.78 0.05
Rat snake and edge distance 3 1.83 0.05
Rat snake and habitat 3 1.93 0.05
Habitat 2 1.96 0.05
Rat snake and nest height 3 1.96 0.05

Indigo Bunting

Nest height 2 0.00 0.15
Nest height and season 3 0.22 0.13
Season 2 0.23 0.09
Nest height and rat snake 3 1.08 0.06
Rat snake and season 3 1.79 0.06
Null model 1 1.83 0.06
Nest height and edge distance 3 1.93 0.06
Nest height and racer 3 1.96 0.05

Northern Cardinal

Null model 1 0.00 0.17
Rat snake 2 0.65 0.12
Season 2 1.36 0.09
Nest height 2 1.90 0.07
Edge distance 2 1.91 0.07
Racer 2 1.98 0.06

Yellow-breasted Chat

Null model 1 0.00 0.14
Nest height 2 1.06 0.08
Habitat 2 1.42 0.07
Edge distance 2 1.52 0.06
Racer 2 1.62 0.06
Season 2 1.73 0.05

Notes: Only the highest ranked models (�2 DAICc) are
presented. K is the number of parameters in each model
including the intercept, DAICc is the difference between each
model and the model with the lowest DAICc score, and wi

describes the relative support for each model.
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edge effects in North America have also been inconsis-

tent in finding an association between proximity to edge

and probability of nest predation (Fletcher et al. 2007).

The association we found between snake behavior and

nest predation is similar to results from a study of rat

snakes and two endangered songbirds in Texas. Risk of

predation increased as rat snakes became more active

(Sperry et al. 2008), but nests in habitat preferred by the

snakes were not more likely to be preyed on (Sperry et al.

2009). Similar outcomes are needed from more than two

studies before we can be confident that there is a general

pattern, but the current evidence does invite speculation.

The fact that nests are at greater risk when their most

important predator is more active is consistent with

expectations and raises no obvious questions, whereas

the failure to find that nests in habitats preferred by

those predators are not at greater risk is puzzling.

However, Blouin-Demers and Weatherhead (2001a)

demonstrated that rat snakes prefer edges for thermo-

regulation and thus often spend time in edges for reasons

unrelated to foraging. Specifically, females use edges

more when eggs are developing and both sexes use edges

more when shedding and when digesting a meal (Blouin-

Demers and Weatherhead 2001a, b). Failure to find

higher nest predation in edges ceases to be problematic if

we assume that when snakes are engaged in these other

activities they are not simultaneously foraging.

Even though edges did not increase nest predation

directly, they probably had indirect effects. When

Weatherhead and Charland (1985) initially documented

a preference for edges by rat snakes, they speculated that

rat snake populations would benefit from a small-scale

mosaic of forest and field, i.e., fragmented forest habitat.

Because edges provide ecological services for the snakes,

habitats with abundant edges should support larger

snake populations. Testing the hypothesis that rat snake

density is higher in fragmented than unfragmented

forest will be challenging for two reasons. First, the test

requires finding relatively large areas of unfragmented

forest that is otherwise similar to fragmented forest.

Second, there are no simple survey methods for

estimating rat snake density, so relatively intensive

studies of the snakes will be necessary (e.g., Blouin-

Demers and Weatherhead 2002). If we are correct that

higher predation in fragmented habitat results indirectly

from the effect of edge on predator populations, the

hypothesis that edges function as ecological ‘‘traps’’ for

birds (e.g., Gates and Gysel 1978, Schlaepfer et al. 2002)

would be challenged.

Linking snake behavior to nest predation as we have

done here is a step forward in understanding the

relationship between birds and their nest predators.

However, more refined approaches to addressing this

problem should soon be possible. Ideally one would like

TABLE 4. Importance weights for individual parameters as determined by summing AIC weights
from all models in which the parameter appeared for all bird species combined and for the six
most common species sampled in southern Illinois in 2003.

Parameter

Species

All ACFL BGGN FISP INBU NOCA YBCH

Rat snake 0.78 0.21 0.57 0.40 0.21 0.32 0.18
Racer 0.04 0.53 0.15 0.24 0.16 0.21 0.21
Nest height 0.36 0.21 0.20 0.17 0.50 0.20 0.28
Habitat 0.09 0.67 0.27 0.19 0.05 0.06 0.23
Season 0.27 0.35 0.20 0.20 0.44 0.25 0.21
Edge distance 0.13 0.22 0.17 0.20 0.16 0.20 0.23
Species 0.16

Notes: AIC weights were calculated from logistic exposure nest survival analyses. Snake activity
is indicated by rat snake and racer, respectively. ACFL is Acadian Flycatcher, BGGN is Blue-gray
Gnatcatcher, FISP is Field Sparrow, INBU is Indigo Bunting, NOCA is Northern Cardinal,
YBCH is Yellow-breasted Chat.

FIG. 3. The number of nests that failed as a proportion of
the total nests checked at increasing increments of mean daily
rat snake distance traveled (m) for (A) Blue-gray Gnatcatchers
and (B) Field Sparrows in southern Illinois in 2003. Only
species for which rat snake activity was included as a competing
model in logistic exposure nest survival analyses are presented.
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to document all movements by individual snakes rather

than estimating snake activity from changes in locations

determined every other day. Automated telemetry will

make that a realistic possibility (e.g., Crofoot et al. 2008).

If this technology is coupled with video monitoring of

nests, it will be possible to link the behavior of individual

snakes to the attributes of the nests they prey on. For

example, it should be possible to identify the features of

nests or of parental behavior that apparently made nests

of some species more vulnerable to rat snake predation

in this study. In a recent study using video cameras,

Benson et al. (in press) demonstrated that predation

patterns associated with specific predators are apparent

only when nests preyed on by other predators are

excluded from analyses. Data generated by combining

telemetry and camera technologies will help us determine

both the scope for selection to modify avian nesting

behavior to reduce the risk of snake predation and the

potential for managers to intervene in this predator–prey

relationship to protect nests of birds of conservation

concern.
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