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NEST PREDATION AND BROOD PARASITISM IN THE CREAMY-

BELLIED THRUSH (TURDUS AMAUROCHALINUS)
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Resumen. – Ausencia de efectos de características del microhabitat sobre la depredación de
nidos y el parasitismo de cría en el Zorzal Chalchalero (Turdus amaurochalinus). – La depredación
de nidos y el parasitismo de cría son factores clave que afectan la supervivencia de nidos de aves paser-
iformes. Como resultado, las aves pueden seleccionar sitios de nidificación que minimicen la probabil-
idad de que un nido sea encontrado por un depredador o un parásito de cría. Sin embargo, la evidencia
es confusa. Mi objetivo fue determinar la relación entre algunas características del microhabitat de los
nidos (cobertura, distancia al camino más cercano, distancia al canal más cercano y sustrato) y las tasas
de depredación o parasitismo de cría en el Zorzal Chalchalero. No encontré una relación entre las vari-
ables estudiadas y las tasas de depredación o parasitismo de nidos. Este estudio, al igual que muchos
estudios previos, no puede apoyar la hipótesis de que el sitio de nidificación afecte la tasa de depre-
dación o de parasitismo de cría. 

Abstract. – Nest predation and brood parasitism are key factors affecting nest survival in passerine
birds. As a result, birds may select nest sites that minimize the probability of nests being found by preda-
tors or by brood parasites. Nevertheless, evidence remains equivocal. My objective was to determine the
relationship between nest microhabitat characteristics (nest concealment, distance to a road, distance to
water, and substrate) and nest predation rates or brood parasitism rates in the Creamy-bellied Thrush. I
found no relationship between the microhabitat characteristics studied and nest predation or brood para-
sitism rates. This study, in concordance with several previous studies, fails to support the hypothesis that
nest-site selection affect nest predation or brood parasitism rates. Accepted 31 October 2013.

Key words: Creamy-bellied Thrush, Turdus amaurochalinus, Shiny Cowbird, Molothrus bonariensis,
brood parasitism, nest concealment, nest predation, nest site. 

INTRODUCTION

Nest predation typically results in the loss of
entire clutches (Martin et al. 2000). Many
researchers have studied the relationship
between nest-site microhabitat and nest pre-
dation rates (e.g., Lahti 2001, Latif et al. 2012).
One of the microhabitat characteristics that
has received most attention is nest conceal-

ment. The concealment hypothesis (Cresswell
1997) states that more conspicuous nests are
easier to find by predators, resulting in selec-
tion for more concealed nests. On the other
hand, the edge-effect hypothesis (Gates &
Gysel 1978) suggests that nest predation is
more frequent when nests are closer to an
edge. Some authors have considered roads as
edges, but they did not find an effect on nest
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predation rates (Mankin & Warner 1992,
Huhta 1995, Pasitschiniak-Arts et al. 1998).
Roads have also been considered as corridors
that facilitate movement of predators between
patches, having a high incidence in nest pre-
dation (Weldon 2006, Pescador & Peris 2007,
Crino et al. 2011). In addition, tall trees grow-
ing along roads have been reported to favor
predation because they can be used by preda-
tory birds as perches to detect nests through
parental activity (Bergin et al. 1997, Sheldon et
al. 2007). Besides, shrubs growing along roads
can be used as shelters by predator (Brzezin-
ski et al. 2012).

Brood parasitism by cowbirds, on the
other hand, is frequently associated with par-
tial brood reduction (Sealy 1992, McMaster &
Sealy 1997, Rothstein & Robinson 1998,
Astié & Reboreda 2006). Brood reduction can
be caused by: 1) egg puncture or removal of
eggs or nestlings (Post & Wiley 1977, Astié &
Reboreda 2006), 2) reduced hatchability of
the hosts eggs (Carter 1986, Petit 1991), and
3) starvation of host nestlings due to competi-
tion with the parasite nestlings (King 1973,
Marvil & Cruz 1989). 

Several researchers have studied the rela-
tionship between nest-site microhabitats and
brood parasitism rates. Evidence for an asso-
ciation between nest concealment and brood
parasitism rates has been equivocal. Less con-
cealed nests have been reported to be parasit-
ized at higher rates (Burhans 1997, Larison et
al. 1998, Saunders et al. 2003), lower rates
(McLaren & Sealy 2003, Fiorini et al. 2009), or
rates similar to those of more concealed nests
(Smith 1981, Brittingham & Temple 1996,
Burhans 1997, Svagelj et al. 2009). Similarly,
parasitism rates can have a positive associa-
tion (Freeman et al. 1990, Hauber & Russo
2000, Rodewald 2009) or have no association
(Brittingham & Temple 1996, Fiorini et al.
2009) to distance from perches (cowbirds use
perches to watch host activity and locate
nests). Besides, the effect of nest concealment

on brood parasitism rates seem to be affected
by habitat type, host species, or the placement
of concealment (Burhans 1997, Larison et al.
1998). 

My objective is to describe the effects of
substrate, nest concealment, distance to the
closest road and distance to the closest canal
on nest predation and brood parasitism by the
Shiny Cowbird (Molothrus bonariensis) on the
Creamy-bellied Thrush (Turdus amaurochalinus)
in a population breeding in Mendoza, Argen-
tina. Although several investigators have
addressed the question of how nest-site selec-
tion can affect rates of nest predation or
brood parasitism separately (e.g., Martin 1993,
Brittingham & Temple 1996, Lahti 2001,
Rodewald 2009), new insights may be
obtained by considering the effect of different
microhabitat characteristics on both variables
in the same area (Best & Stauffer 1980). Nest
predation and brood parasitism may select for
nest-sites that may be in conflict, e.g., con-
cealment may protect nests from predation
(Cresswell 1997), but favor parasitism (Fiorini
et al. 2009). This may result in an evolutionary
tug-of-war for selection of nest placement.
On the other hand, closer distances to roads
or canals could increase nest predation and
parasitism because they could be acting as
corridors or shelters for predators and tall
trees along them could act as perches to pred-
ator birds and parasites. However, canals are
the only source of water in this semiarid land,
so, longer distances could increase travel time
from and to the nest and, thereby, increase
the time exposed to visual predators.

METHODS

Study area. Field work was carried out at
Guaymallén Department, Mendoza Prov-
ince, Argentina (68º43’W, 32º55’S). Mendoza
is located in the Monte desert region of
Argentina, dominated by shrubland. The
desert landscape matrix displays large areas of
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land irrigated for agricultural use, locally
named oasis. Oasis occur mostly in the center
and in the western sides of the Province, and
they occupy less than 6% (~ 8900 km2) of the
province of Mendoza. Creamy-bellied
Thrushes occur primarily in these irrigated
areas.

The study area was a 100 ha field culti-
vated with vineyards (Vitis sp.), olives (Olea
europea), and poplar (Populus nigra) groves.
Landscape architecture was fairly similar
throughout oasis areas: land is crisscrossed by
a network of canals for irrigation and by
roads. Commonly, roads are bordered by a
line of tall trees on both sides and shrubs
grow under them. Those trees are usually
more than 15 m tall. They are mostly poplars
(Populus sp.), mulberrys (Morus sp.), and plane
trees (Platanus sp.). Bigger canals are also bor-
dered by tall trees, mostly by poplars, but
arranged in groups, not in a line. This arrange-
ment produces areas inside barriers of tall
trees, which are occupied by plantations of
vine (~1.7 m tall), and olive (~ 5 m tall).
Given that Mendoza lies in a semi-desert
region, canals provide main sources of water.
Tall trees at the sides of roads and canals can
act as perches for predator birds and for cow-
birds.

Study species. The breeding season of Creamy-
bellied Thrushes extends from October to
December in the study area (Astié & Luchesi
2012). They lay three eggs (Astié & Reboreda
2005) and usually have two nesting attempts
per season (Astié 2004). Incubation period is
11.5 days and nestling period is 12 days (Astié
& Reboreda 2005).

Nests of Creamy-bellied Thrush are
heavily predated (67% of the nests, Astié &
Luchesi 2012) and parasitized by Shiny Cow-
birds (frequency = 60% of nests, intensity =
1.6 eggs per nest; Astié & Reboreda 2006).
Nest predation accounts for the loss of the
entire clutch, as in the study area there is no

evidence of partial predation or brood reduc-
tion caused by chick starvation (Astié &
Luchesi 2012). Nest predation is constant
throughout the season and is not associated
with the time a nest is initiated (Astié &
Luchesi 2012). On the other hand, egg punc-
tures by Shiny Cowbird are an important
cause of reproductive loss in this host. At
least one thrush egg was punctured in 71% of
parasitized nests (Astié & Reboreda 2009a).
They also punctured eggs in 42% of non-par-
asitized nests, probably to assess the degree of
embryonic development to decide whether to
parasitize that nest (Astié & Reboreda 2009a).
Because parasitized nests have a higher fre-
quency of eggs punctured and a lower hatch-
ing success than non-parasitized nests, they
produce 2025% fewer fledglings (Astié &
Reboreda 2006, 2009a). Rates of nest parasit-
ism are constant throughout the season (Astié
& Reboreda 2006). All these citations (Astie &
Reboreda 2005, 2006, 2009a; Astié & Luchesi
2012) refer to the same study site and years of
study.

Data collection. During the breeding seasons of
2000–2002 (October–December), I searched
for thrush nests systematically and using
behavioral cues. To ensure that search effort
was uniform independently of microhabitat
characteristics, I divided my study area into
five plots (20 ha). I searched for nests in one
of these plots each day in a pre-determined
order so each plot was visited every five days.
Plots were gridded, and I walked at a regular
speed while I searching for nests by eye.
When I heard alarm calls from adult Creamy-
bellied Thrushes, I stopped the systematic
search and searched carefully around follow-
ing the alarm calls. I determined nest stage
(building, laying, incubation, or nestling).
Once I found a nest, I visited it every 1–2
days until young fledged or nests failed. For
each visit, I recorded the number of host and
parasite eggs and if any eggs had been punc-
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tured. I considered a nest was located by a
Shiny Cowbird when I found a parasite egg or
a thrush egg punctured in the nest between
two consecutive visits (see Astié & Reboreda
2006 for details). I considered a nest predated
when all eggs or chicks disappeared between
two consecutive visits. 

For each nest, I recorded the substrate
(olive or vine), distance to the closest road,
distance to the closest canal, and nest con-
cealment. I estimated nest concealment by
eye as the proportion of the nest cup (± 5%)
not visible from 0.5 m above the nest (Clot-
felter 1998). All parameters were measured
the day they were predated or parasitized.

Statistical analyses. I only included in the analy-
sis nests found during building or egg laying
and that survived until three days after the
start of the incubation. I used this criterion to
be more conservative because: 1) nests found
later may bias the sample to nests less vulner-
able to predation, and 2) more than 80% of
parasitism occurred on or before the third day
after laying (Astié & Reboreda 2009b).

A correlation analysis (Polycor Package,
Fox 2007) showed no values higher than
0.70 (P < 0.05) among any pair of the inde-
pendent microhabitat variables mentioned
above. So I included all of them in subsequent
analyses.

To determine if microhabitat variables
affected the probability that a nest would be
found by a predator or a Shiny Cowbird, I
applied Generalized Linear Models (GLM)
with a binomial distribution (link function =
logit) using R software, version 2.15.1 (R
Development Core Team 2012). In the first
analysis, nest predation (predated or not) was
the response variable. Year, substrate, distance
to the closest road, distance to the closest
canal, and concealment were the explanatory
variables. In the second analysis, nest parasit-
ism (nest was found by a brood parasite or
not) was the response variable. Explanatory

variables were the same as in the first analysis.
I evaluated the models and parameter esti-

mates following information-theoretic proce-
dures (Burnham & Anderson 2002). This
method allows model uncertainty to be
included in both model evaluation and deriva-
tion of parameter estimates (Burnham &
Anderson 2002). Models with all possible
combinations of predictor variables were con-
sidered because there was no a priori basis to
eliminate models. This resulted in 32 candi-
date models. Due to sample size (N = 67) I
used Akaike’s information criterion corrected
for small sample size (AICc). I performed
model comparisons with ΔAICc, which is the
difference between the lowest AICc value
(i.e., best of suitable models) and AICc from
all other models. The AICc weight of a model
(wi) signifies the relative likelihood that the
specific model is the best of the suite of all
models. I also calculated parameter estimates
to supplement parameter-likelihood evidence
of important effects, 95% confidence inter-
vals.

RESULTS

During my three-year study (2000–2002), I
found 237 nests. I recorded substrate, type of
plantation, distance to the closest road and
canal, and nest concealment for 67 nests.
Forty-six of them were predated and 50 were
parasitized. The rest of the nests were located
in inaccessible places and I was unable to
measured all the parameters. Predators I
observed at nests during visits included rats
(Rattus sp.), snakes (Philodryas sp.), Guira
Cuckoos (Guira guira), and Chimango Cara-
caras (Milvago chimango). 

The model that best described variation in
predation included distance to the closest
road (wi = 0.189; Table 1). However, the 95%
confidence interval encompassed 0 (Table 2),
suggesting no effect of distance to the closest
road on the likelihood of nest predation.
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Thus, no explanatory variable was related to
predation (Table 2).

The model that best described variation in
parasitism included year and concealment (wi
= 0.151; Table 3). However, as in the previous
case, 95% confidence intervals encompassed
0 (Table 4), indicating no effect of year and
concealment on parasitism. In consequence,
no explanatory variable was related to parasit-
ism (Table 4).

DISCUSSION

Most nests of Creamy-bellied Thrushes in the
study area were predated. Distance to the
closest road was the only variable included in
the model that best explained the likelihood
of nest predation. Although rates of predation
tended to increase for nests closer to road,
this model also demonstrates that there was
no clear effect of this variable in the variation
observed (Table 2). This result suggests that
there are no edge, shelter, or corridor effects
and also no relation between distance to near-
est perches (tall trees growing along roads or
canals) and predation rates. My results also do
not support the concealment hypothesis

(greater rates of nest predation in less con-
cealed nests; Cresswell 1997). In addition, I
did not found an effect of substrate on preda-
tion. Therefore, none of the microhabitat
characteristics I examined explained differ-
ences in nest predation rates in my study.

Correlations between microhabitat char-
acteristics and nest predation rates remains
equivocal. Although some studies did find
some relationships, others did not (Latif et al.
2012). For instance, empirical evidence has
shown that nest concealment has a negative
(Colombelli-Négrel & Kleindorfer 2009, Mat-
sui & Takagi 2012) or a null relationship with
predation rates (Filliater et al. 1994, Colom-
belli-Négrel & Kleindorfer 2009). Similarly,
authors that considered roads as edges, did
not find an effect on nest predation rates
(Mankin & Warner 1992, Huhta 1995, Pasit-
schiniak-Arts et al. 1998). In addition, road
sides have been considered as shelters to pro-
tect terrestrial and arboreal predators from
humans because of the presence of tall trees
and the dense shrubs (Brzezinski et al. 2012).
Several studies have demonstrated that under-
standing the interaction among variables is a
central issue. Nest predation may or may not
be affected by nest concealment depending
on nest height (Colombelli-Négrel & Klein-
dorfer 2009), by the distance to an edge
depending on the year (Svobodová et al.
2011), or by the distance to a road depending
on human activity (Pescador & Peri 2007). In
this work I found that predation tended to
increase for nests closer to a road but correla-
tion was not strong enough to support edge,
shelter or corridor effect. However, sample
size in this work is small and I can not discard
that the power of this analysis have affected
the results. Futures works will need to
increase sample size in order to provide a bet-
ter estimation of the effect of distance to a
road.

Nest predators can use different cues
(visual or olfactory) to find nests. The fre-

TABLE 1. GLM analysis of the predated and not
predated nests (binomial distribution and logit link
function). Models are listed in decreasing order of
importance. The null model and models with sup-
port wi > 0.05 are shown. Number of observations
used = 67 nests. aDROA = distance to closest road,
SUBS = substrate (olive/frutal or vine), CONC =
concealment, and DCAN = distance to closest
canal.

Modela k AICc ΔAICc wi

DROA
DROA SUBS
SUBS
Null model
CONC DROA
DCAN DROA

2
3
2
1
3
3

83.55
85.19
85.28
85.39
85.60
85.61

0.00
1.64
1.73
1.84
2.05
2.06

0.189
0.084
0.080
0.076
0.068
0.068
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quent lack of congruence between studies has
been attributed to the presence of multiple
predator species differing in their prey search
strategies (Filliater et al. 1994, Matsui & Takagi
2012, Svobodova et al. 2012). Besides, differ-
ences in the density of a single predator spe-
cies could produce changes in nest predation
rates (Lahti 2001). In the study area, I found a
great variety of predators (both visual and
olfactory) but I lack information about their
densities. The absence of a clear pattern in
this study could be related to the different
ways in which each predator affects nest pre-
dation rates.

In this study area, brood parasitism affects
most of the Creamy-bellied Thrush nests.
The model that best explained brood parasit-
ism included nest concealment (more con-
cealed nests were slightly more parasitized),
but this variable was not enough to explain
the observed variance (Table 4). As with
nest predation analysis, I found no effect of
any of the microhabitat characteristics I
examined on parasitism rates. This result
agrees with several previous studies that
found that parasitism rates were not

affected by nest concealment (Smith 1981,
Brittingham & Temple 1996, Burham 1997,
Svagelj et al. 2009) or distance to perches
(Brittingham & Temple 1996, Fiorini et al.
2009). 

An alternative explanation for mecha-
nisms and cues used by brood parasites to
find host nests (not tested in this study) is that
cowbirds use nest building behavior to locate
nests (Bank & Martin 2001). Evidence sup-
porting this hypothesis has been provided for
Shiny Cowbirds (but see Fiorini et al. 2009),
e.g., they synchronize egg laying with hosts
almost perfectly (Lichtenstein 1998, Massoni
& Reboreda 1998, Mermoz & Reboreda 1999,
Astié & Reboreda 2009b). However, the host-
activity hypothesis and the microhabitat-cues
hypothesis are not mutually exclusive; further-
more, they could be complementary (Clot-
felter 1998). 

Brood parasitism and nest predation rates
in this study were similar. Cowbird parasitism
decreases breeding success by 20% while nest
predation decreases breeding success by
100%. Predation seems to be a more impor-
tant selective force. Still, I cannot discard that

TABLE 2. Parameter estimates (± SE) from generalized linear models of the predated and not predated
nests. Parameter estimates are weighted averages from all models, and standard errors (SE) are calculated
from all candidate models using unconditional variances. Upper and lower confidence limits intervals
(95%) are shown. Explanatory variables are listed in decreasing order of importance. aDROA = distance
to closest road, SUBS = substrate (olive/frutal or vine), CONC = concealment, DCAN = distance to
closest canal, and YEAR (2000, 2001, and 2002). bRelative to value of substrate (olive/frutal). cRelative to
value of year 2000.

Explanatory
variablea

Parameter
likelihood

Parameter
estimate ± SE

Confidence interval

Lower Upper
Intercept
DROA
SUBS (vine)b

DCAN
CONC
YEAR (2001)c

YEAR (2002)c

0.58
0.36
0.28
0.26
0.19
0.19

0.758 ± 0.762
-0.005 ± 0.003
0.740 ± 0.765
-0.001 ± 0.003
0.001 ± 0.010
0.537 ± 0.647
1.036 ± 0.878

-0.736
-0.011
-0.760
-0.006
-0.019
-0.731
-0.684

2.252
0.001
2.240
0.004
0.021
1.805
2.757
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microhabitat characteristics that minimize
predation were different from microhabitat
characteristics that minimize parasitism, in
which case selection forces could be in con-
flict and no pattern would emerge. Likewise, it
is possible that other characteristics, not
recorded in this work, could be playing a main
role in nest predation and parasitism rates. 

This study, in concordance with several
previous studies, fails to support the hypothe-
sis that nest-site selection affect nest preda-
tion or brood parasitism rates. Future work
should include a wider variety of microhabitat
and nest variables, as well as an estimation of

predators diversity and abundance and infor-
mation about parental activity. Besides,
increase database could bring a better idea of
the importance of the variables in the models
that best explained the likelihood of nest pre-
dation and brood parasitism. 

ACKNOWLEDGMENTS

I thank Nicolás García, Paulo E. Llambías,
and Florencia Fernandez Campón for helpful
comments on this manuscript and for statisti-
cal advice and Valentina Ferretti, and two

TABLE 3. GLM analysis of parasitized and non-parasitized nests (binomial distribution and logit link func-
tion). Models are listed in decreasing order of importance. The null model, and models with support wi >
0.05 are shown. Number of observations used = 67 nests. aDROA = distance to closest road, SUBS = sub-
strate (olive/frutal or vine), CONC = concealment, DWAT = distance to closest canal, and YEAR (2000,
2001, and 2002).

Modela k AICc ΔAICc wi

YEAR CONC
Null model
CONC
YEAR CONC DROA
DROA
YEAR CONC SUBS
YEAR CONC DCAN
CONC DROA

4
1
2
5
2
5
5
3

76.89
77.96
78.54
78.73
78.86
78.88
79.01
79.02

0.00
1.07
1.65
1.84
1.97
1.99
2.12
2.13

0.151
0.089
0.066
0.060
0.056
0.056
0.052
0.052

TABLE 4. Full GLM analysis (binomial distribution and logit link function) of the parasitized and not par-
asitized nests. aRelative to value of substrate (olive/frutal). bRelative to value of year (2000).

Explanatory
variablea

Parameter
likelihood

Parameter
estimate ± SE

Confidence 
interval

Lower Upper
Intercept
CONC
YEAR (2001)b

YEAR (2002)b

DROAD
SUBS (vine)a

DWAT

0.61
0.50
0.50
0.34
0.27
0.26

0.977 ± 0.905
0.020 ± 0.012
-1.630 ± 0.942
-1.956 ± 1.143
0.004 ± 0.004
-0.190 ± 1.007
0.001 ± 0.004

-1.011
-0.004
-3.476
-4.197
-0.005
-2.165
-0.006

2.820
0.043
0.216
0.285
0.012
1.784
0.009



318

ASTIÉ

anonymous reviewers for comments on the
manuscript. AAA is a Research Fellow of
CONICET. This study was supported by
grants of Agencia Nacional de Promoción
Científica y Tecnológica and CONICET.

REFERENCES

Astié, A. A. 2004. Interacciones entre el parásito de
cría Molothrus bonariensis y uno de sus hospeda-
dores, Turdus amaurochalinus. Tesis Doctoral,
Univ. de Buenos Aires, Buenos Aires, Argen-
tina.

Astié, A. A., & N. Luchesi. 2012. Reproductive
success of the Creamy-bellied Thrush in a
southern temperate zone. Wilson J. Ornithol.
124: 136–141.

Astié, A. A., & J. C. Reboreda. 2005. Creamy-bel-
lied Thrush defenses against Shiny Cowbird
brood parasitism. Condor 107: 788–796.

Astié, A. A., & J. C. Reboreda. 2006. Cost of egg
punctures and parasitism by Shiny Cowbirds
(Molothrus bonariensis) at Creamy-bellied Thrush
(Turdus amaurochalinus) nests. Auk 123: 23–32.

Astié, A. A., & J. C. Reboreda. 2009a. Function of
egg punctures by Shiny Cowbirds in parasitized
and non-parasitized Creamy-bellied Thrush
nests. J. Field Ornithol. 80: 336–343.

Astié, A. A., & J. C. Reboreda. 2009b. Shiny Cow-
bird parasitism of a low quality host: effect of
host traits on a parasites reproductive success.
J. Field Ornithol. 80: 224–233.

Banks, J., & T. E. Martin. 2001. Host activity and
the risk of nest parasitism by Brown-headed
Cowbirds. Behav. Ecol. 12: 31–40.

Bergin, T. M., L. B. Best, & K. E. Freemark. 1997.
An experimental study of predation on artificial
nests in roadsides adjacent to agricultural habi-
tats in Iowa. Wilson Bull. 109: 437–448.

Best, L. B., & D. F. Stauffer. 1980. Factors affecting
nesting success in riparian bird communities.
Condor 82: 149–158.

Brittingham, M. C., & S. A. Temple. 1996. Vegeta-
tion around parasitized and non-parasitized
nests within deciduous forests. J. Field Orni-
thol. 67: 406–413.

Brzezinski, M., M. Natorff, A. Zalewski, & M.
Zmihorski. 2012. Numerical and behavioral

responses of waterfowl to the invasive Ameri-
can mink: a conservation paradox. Biol. Con-
serv. 147: 68–78.

Burhan, D. E. 1997. Habitat and microhabitat fea-
tures associated with cowbird parasitism in two
forest edge cowbird hosts. Condor 99: 866–
872.

Burnham, K. P., & D. R. Anderson. 2002. Model
selection and multimodel inference: a practical
information theoretic approach. Springer-Ver-
lag, New York, New York, USA.

Carter, M. D. 1986. The parasitic behavior of the
Bronzed Cowbird in south Texas. Condor 88:
1125.

Clotfelter, E. D. 1998. What cues do Brown-
headed Cowbirds use to locate Red-winged
Blackbird host nests? Anim. Behav. 55: 1181–
1189.

Colombelli-Négrel, D., & S. Kleindorfer. 2009.
Nest height, nest concealment, and predator
type predict nest predation in Superb Fairy-
wrens (Malurus cyaneus). Ecol. Res. 24: 921–928.

Cresswell, W. 1997. Nest predation: the relative
effects of nest characteristics, clutch size and
parental behaviour. Anim. Behav. 53: 93–103.

Crino, O. L., B. Klaassen Van Oorschot, E. E.
Johnson, J. L. Malisch, & C. W. Breuner. 2011.
Proximity to a high traffic road: glucocorticoid
and life history consequences for nestling
White-crowned Sparrows. Gen. Comp.
Endocr. 173: 323–332.

Filliater, T. S., R. Breitwisch, & P. M. Nealen. 1994.
Predation on Northern Cardinal nests: does
choice of nest site matter? Condor 96: 761–
768.

Fiorini, V. D., D. T. Tuero, & J. C. Reboreda. 2009.
Host behaviour and nest-site characteristics
affect the likelihood of brood parasitism by
Shiny Cowbirds on Chalk-browed Mocking-
birds. Behaviour 146: 1387–1403.

Fox, J. 2007. Polycor: polychoric and polyserial
correlations. R package version 0.7-5. Available
at http://www. CRAN.R-project.org/pack-
age=polycor [Accessed 5 October 2013].

Freeman, S., D. F. Gori, & S. Rohwer. 1990. Red-
winged Blackbirds and Brown-headed Cow-
birds: some aspects of a host-parasite relation-
ship. Condor 92: 336–340.

Gates, J. E., & L. W. Gysel. 1978. Avian nest dis-



319

SHINY COWBIRD NEST PREDATION AND BROOD PARASITISM

persion and fledgling success in field forest
ecotones. Ecology 59: 871–883.

Hauber, M. E., & S. A. Russo. 2000. Perch proxim-
ity correlates with higher rates of cowbird para-
sitism of ground nesting Song Sparrows.
Wilson Bull. 112: 150–153.

Huhta, E. 1995. Effects of spatial scale and vegeta-
tion cover on predation of artificial ground
nests. Wildl. Biol. 1: 73–80.

King, J. R. 1973. Reproductive relationships of the
Rufous-collared Sparrow and the Shiny Cow-
bird. Auk 90: 19–34.

Lahti, D. C. 2001. The edge effect on nest preda-
tion hypothesis after twenty years. Biol. Con-
serv. 99: 365–374.

Larison, B., S. A. Laymon, P. L. Williams, & T. B.
Smith. 1998. Song Sparrows vs. cowbird brood
parasites: impacts of forest structure and nest-
site selection. Condor 100: 93–101.

Latif, Q. S., S. K. Heath, & J. T. Rotenberry. 2012.
How avian nest site selection responds to pre-
dation risk: testing an adaptive peak hypothesis.
J. Anim. Ecol. 81: 127–138.

Lichtenstein, G. 1998. Parasitism by Shiny Cowbird
of Rufous-bellied Thrushes. Condor 100: 680–
687.

Mankin, P. C., & R. E. Warner. 1992. Vulnerability
of ground nests to predation on an agricultural
habitat island in east-central Illinois. Am. Midl.
Nat. 128: 281–291.

Martin, T. E. 1993. Nest predation among vegeta-
tion layers and habitats: revising the dogmas.
Am. Nat. 141: 897–913.

Martin, T. E., P. R. Martin, C. R. Olson, B. J.
Heidinger, & J. J. Fontaine. 2000. Parental care
and clutch sizes in North and South America
birds. Science 287: 1482–1485.

Marvil, R. E., & A. Cruz. 1989. Impact of Brown-
headed Cowbird parasitism on the reproductive
success of the Solitary Vireo. Auk 106: 476–
480.

Massoni, V., & J. C. Reboreda. 1998. Costs of
brood parasitism and the lack of defenses on
the Yellow-winged Blackbird - Shiny Cowbird
system. Behav. Ecol. Sociobiol. 42: 273–280.

Matsui, S., & M. Takagi. 2012. Predation risk of
eggs and nestlings relative to nest-site charac-
teristics of the Bull-headed Shrike Lanius buce-
phalus. Ibis 154: 621–625.

McLaren, M. C., & S. G. Sealy. 2003. Factors influ-
encing susceptibility of host nests to brood par-
asitism. Ethol. Ecol. Evol. 15: 343–353.

McMaster, D. G., & S. G. Sealy. 1997. Host-egg
removal by Brown-headed Cowbirds: a test of
the host incubation limit hypothesis. Auk 114:
212–220.

Mermoz, M. E., & J. C. Reboreda. 1999. Egg-laying
behaviour by Shiny Cowbirds parasitizing
Brown-and-yellow Marshbirds. Anim. Behav.
58: 873–882.

Pasitschniak-Arts, M., R. G. Clark, & F. Messier.
1998. Duck nesting success in a fragmented
prairie landscape: is edge effect important?
Biol. Conserv. 85: 55–62.

Pescador, M., & S. Peris. 2007. Influence of roads
on bird nest predation: An experimental study
in the Iberian Peninsula. Landscape Urban
Plann. 82: 66–71.

Petit, L. 1991. Adaptive tolerance of cowbird para-
sitism by Prothonotary Warblers: a conse-
quence of nest-site limitation. Anim. Behav. 41:
425–432.

Post, W., & J. W. Wiley. 1977. Reproductive interac-
tions of the Shiny Cowbird and the Yellow-
shouldered Blackbird. Condor 79: 176–184.

R Development Core Team. 2012. R: a language
and environment for statistical computing. R
Foundation for Statistical Computing, Vienna,
Austria.

Rodewald, A. D. 2009. Urban-associated habitat
alteration promotes brood parasitism of Aca-
dian Flycatchers. J. Field Ornithol. 80: 234–241.

Rothstein, S. L., & S. K. Robinson. 1998. The evo-
lution and ecology of avian brood parasitism.
Pp 356 in Rothstein, S. L., & S. K. Robinson
(eds). Parasitic birds and their hosts: studies in
coevolution. Oxford Univ. Press, New York,
New York, USA.

Saunders, C. A., P. Arcese, & K. D. O’Connor.
2003. Nest site characteristics in the Song Spar-
row and parasitism by Brown-headed Cow-
birds. Wilson Bull. 115: 24–28.

Sealy, S. G. 1992. Removal of Yellow Warbler eggs
in association with Cowbirds parasitism. Con-
dor 94: 40–54.

Sheldon, R. D., K. Chaney, & G. A. Tyler. 2007.
Factors affecting nest survival of Northern
Lapwings Vanellus vanellus in arable farmland:



320

ASTIÉ

an agri-environment scheme prescription can
enhance nest survival. Bird Study 54: 168–175.

Smith, J. N. M. 1981. Cowbird parasitism, host fit-
ness and age of the host female in an island
Song Sparrow population. Condor 83: 152–
161.

Svagelj, W. S., G. J. Fernández, & M. E. Mermoz.
2009. Effects of nest-site characteristics and
parental activity on cowbird parasitism and nest
predation in Brown-and-yellow Marshbirds. J.

Field Ornithol. 80: 13–22.
Svobodová, J., J. Kreisinger, M. Sálek, M. Koubová,

& T. Albrecht. 2011. Testing mechanistic expla-
nations for mammalian predator responses to
habitat edges. Eur. J. Wildl. Res. 57: 467–474.

Svobodová, J., M. Koubová, L. Mrstny, T. Albre-
cht, & J. Kreisinger. 2012. Temporal variation
in nest predation risk along habitat edges
between grassland and secondary forest in cen-
tral Europe. Eur. J. Wildl. Res. 58: 315–323.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


