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Research on cooperatively breeding birds usually focuses on social dynamics within the breeding group,
but conflict between groups can also affect individual fitness and the evolution of sociality. Here we
investigate the causes and consequences of competition between groups of communally breeding
greater anis, Crotophaga major, over a 10-year field study. Social groups were spatially clustered into loose
aggregations that showed a moderate degree of reproductive synchrony. However, competition between
neighbouring groups for nesting sites was intense, occasionally leading to wholesale destruction of a
group's nesting attempt and abandonment of the site. We documented 18 cases in which a group's entire
clutch of eggs was ejected from the nest during the laying or incubation period, often accompanied by
behavioural observations of conflict with a neighbouring group. Clutch destruction typically occurred
when two groups attempted to nest in close proximity on high-quality sites: nearest-neighbour distance
and nest site type were the strongest predictors of clutch destruction. Surprisingly, group size did not
predict whether or not a group's clutch would be destroyed, and small groups sometimes ousted larger
groups. By contrast, ‘home field advantage’ did have a significant effect: groups that had previously
nested on the site were more likely to destroy the clutches of newly established groups, and this effect
increased with the number of years that the group had nested there. Together, these results support
previous evidence that competition between groups for high-quality nesting sites is an important driver
of communal breeding, and they highlight the importance of location and past history in determining the
outcome of intergroup contests in social species.
© 2017 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
When social groups of animals compete over resources e food,
water, mating opportunities, or breeding and foraging territories e
larger groups frequently win (reviewed in Lamprecht, 1978; Snaith
& Chapman, 2007). This correlation between competitive ability
and group size is thought to be an important selective pressure
favouring the evolution of sociality (Mosser & Packer, 2009;
Pulliam & Caraco, 1984; Wrangham, 1980). However, group size
does not always predict the outcome of competitive contests
(Harris, 2010), and factors such as group stability, the age and
experience of its members and the perceived value of the resource
can be equally important determinants of competitive ability
(Arseneau-Robar, Taucher, Schnider, van Schaik, & Willems, 2017;
Batchelor & Briffa, 2011; Cassidy, MacNulty, Stahler, Smith, &
Mech, 2015; Cheney, 1981; Wrangham, 1999).
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The majority of studies on intergroup conflicts have focused on
social mammals, primarily primates and carnivores, in which
groups cooperatively defend their foraging territories against
neighbours. Neighbouring groups often interact repeatedly over
time, allowing investigation of the relative importance of location,
group size and individual participation in determining contest
outcome. In white-faced capuchins, Cebus capuchinus, for example,
Crofoot, Gilby, Wikelski, and Kays (2008) found that group size did
confer a competitive advantage, but that this advantage was far
more important at the periphery of a group's territory (where the
costs of losing were relatively small) than near the centre (where
the costs of losing were presumably larger). Similar interactive ef-
fects of location and group size have subsequently been docu-
mented in banded mongooses, Mungos mungo (Furrer, Solomon,
Willems, Cant, & Manser, 2011), black-and-white colobus mon-
keys, Colobus guereza (Harris, 2010), baboons (Papio cynocephalus;
Markham, Alberts, & Altmann, 2012), blue monkeys, Cercopithecus
mitis (Roth & Cords, 2016), and chimpanzees, Pan troglodytes
(Wilson, Kahlenberg, Wells, & Wrangham, 2012).
evier Ltd. All rights reserved.

e, not group size, predicts outcomes of intergroup conflicts in a social
7.006

Delta:1_given name
Delta:1_surname
Delta:1_given name
mailto:criehl@princeton.edu
www.sciencedirect.com/science/journal/00033472
http://www.elsevier.com/locate/anbehav
http://dx.doi.org/10.1016/j.anbehav.2017.07.006
http://dx.doi.org/10.1016/j.anbehav.2017.07.006
http://dx.doi.org/10.1016/j.anbehav.2017.07.006


M. J. Strong et al. / Animal Behaviour xxx (2017) 1e92

SPECIAL ISSUE: BREEDING AGGREGATIONS
Much less is known about the factors influencing the outcome of
intergroup contests in social birds, or even about the fitness costs of
these contests. Research on cooperatively breeding birds has
largely focused on conflicts of interest within the social group
rather than between groups (reviewed in Koenig & Dickinson,
2004). However, intergroup competition can also influence indi-
vidual fitness, since cooperative groups often defend foraging ter-
ritories, breeding sites or all-purpose territories that are used for
both nesting and foraging (Golabek, Ridley, & Radford, 2012). It has
long been hypothesized that competition over limited nest sites is
an important driver of the evolution of cooperative breeding
(Emlen, 1982; Gaston, 1978), but few studies have examined the
relative importance of group size and other group-level traits in
determining the odds of success. Radford and du Plessis (2004)
found that cooperative groups of green woodhoopoes, Phoenicu-
lus purpureus, compete for territories by performing cooperative
calling displays: during short contests, residents tended to oust
intruders, but during long contests, residents gained no advantage
and group size was correlated with success. In subdesert mesites,
Monias benschi, which also sing communally when encountering
neighbouring groups, Seddon and Tobias (2003) found that resi-
dent groups were more likely to respond to playbacks of simulated
‘intruder’ groups if the resident group outnumbered the intruders.
This suggests both that group size influences the outcome of ter-
ritorial interactions and that communal vocalizations convey in-
formation about the size of the singing group.

In this study, we investigated intergroup conflicts in the greater
ani, C. major (hereafter ‘ani’), a cooperatively breeding Neotropical
bird, to identify characteristics that influence competitive ability.
Ani nesting groups typically consist of either two or three pairs that
all reproduce in a shared nest; about 15% of groups also include an
unpaired, nonreproductive helper. Group size therefore ranges
from four to seven birds, with lone pairs and larger groups occur-
ring very rarely (Riehl & Jara, 2009; Riehl, 2011). Reproduction is
divided roughly equally among the group's breeding pairs, and all
group members participate in nest building, provisioning and
defence of the communal clutch (Riehl, 2011, 2012). Ani groups do
not appear to defend a defined foraging territory e individuals
rangewidelywhile foraging, often overlapping the foraging areas of
neighbouring groups e but they aggressively defend the nest site
itself by chasing extragroup individuals and by performing loud,
stereotyped communal chorusing displays (Riehl& Jara, 2009). Like
many Neotropical birds, adults are long-lived (�20 years), seden-
tary and remain on their breeding territories year-round. Groups
vary in stability; some groups remain together on the same site for
over a decade, while others experience high turnover in composi-
tion or abandon the nesting site after 1e3 years (Riehl & Strong,
n.d.)

Previous studies on our long-term study population in Panama
have shown that anis nest exclusively along the shores of lakes and
rivers, either in tree branches overhanging the water's edge or in
emergent bushes or small trees that are surrounded bywater (Riehl
& Jara, 2009; Riehl, 2011). Nests built in emergent vegetation
experience substantially lower rates of nest predation than do nests
built along the shoreline, apparently because they are less vulner-
able to terrestrial predators such as snakes and monkeys (Lau,
Bosque, & Strahl, 1998; Riehl, 2011). Large groups are more likely
to acquire and defend these high-quality, emergent nest sites than
are smaller groups (Riehl, 2011), suggesting that these sites are
limited and that competition between groups is at least partly
influenced by group size. Consistent with this hypothesis, each
group vigorously defends the immediate nesting area from extra-
group individuals, often chasing members of neighbouring groups
or unattached ‘floaters’ away from the nest. Ani groups also forage
near their territories, but do not defend these larger foraging areas.
Please cite this article in press as: Strong, M. J., et al., Home field advantag
bird, Animal Behaviour (2017), http://dx.doi.org/10.1016/j.anbehav.2017.0
Nest site ‘quality’, therefore, is defined in terms of its accessibility to
predators, not by the food resources available at that site.

Intergroup interactions most frequently take the form of
communal chorusing displays, in which group members gather in a
circular huddle and collectively give a mechanical ‘gurgling’ call
that may last up to 10 min and is given only in the context of group
displays (Riehl& Jara, 2009). These displays occur several times per
day, typically in the vicinity of the nest, and are often given in
response to displays by neighbouring groups. Intergroup conflicts
can also escalate to chasing and physical aggression (typically fol-
lowed by communal displays), especially when an extragroup in-
dividual approaches the nest.

In this study, we describe a rare but costly type of intergroup
conflict: destruction of a nesting group's communal clutch of eggs,
resulting in failure of the nesting attempt and abandonment of the
territory. In these instances, all of the eggs in a group's communal
clutch were found underneath the nest, intact, apparently having
been ejected by extragroup conspecifics. We hypothesized that
wholesale clutch destruction is a result of competition between
neighbouring groups for high-quality nest sites, and we predicted
that nest site quality, density of groups and distance between
nearest neighbours would influence the risk of conflict. Because
clutch destruction is rare in the study area and was never observed
directly, we tested these predictions indirectly by identifying
spatial and ecological correlates of clutch destruction. First, we
analysed the spatial distribution of ani breeding groups across the
study area to determine whether nesting groups are spatially
aggregated and/or reproductively synchronized, since groups that
are clustered in space and time are more likely to experience
competition over nest sites and resources. We then constructed
statistical models to identify factors influencing the likelihood of
clutch destruction. Finally, we compared group size and nest site
tenure (number of years on the nest site) of groups whose clutches
were destroyed with those of their nearest neighbours e the
apparent aggressors.

METHODS

Study Species and Data Collection

We collected long-term data from a nesting population of
greater anis in the Barro Colorado Nature Monument, Panama
(9�901600N, 79�5004400W), during 2007e2016. Most (~70%) breeding
groups in the study population consist of two pairs, ~25% consist of
three pairs and <5% consist of four or more breeding pairs (Riehl,
2011). Each group constructs a single nest in which all of the
breeding females lay their eggs. One type of egg destruction occurs
in a highly stereotyped pattern at communal nests and is per-
formed by group members, not by extragroup individuals. Prior to
laying her own first egg, each female removes any eggs that other
females in the group have already laid in the shared nest. After a
female lays her own first egg, she stops removing eggs from the
nest, presumably in order to avoid removing her own eggs. As a
result, the first female to begin laying always loses at least one egg
(sometimes several), and the last female to enter the laying
sequence loses none, a pattern observed in both greater and
groove-billed anis, Crotophaga sulcirostris (Riehl & Jara, 2009;
Vehrencamp, 1977). Once all of the females in the social group
have begun to lay, eggs accumulate in the communal nest in a
predictable pattern (each female lays one egg every other day) and
egg ejection by group members is no longer observed (Riehl,
2010a). Each female in the social group contributes three to four
eggs to the final clutch; total clutch size is therefore between six
and 15 eggs, depending on the number of females in the group.
Because the patterns and costs of within-group egg ejection are
e, not group size, predicts outcomes of intergroup conflicts in a social
7.006
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already well understood (Riehl, 2011; Vehrencamp, 1977), this
study focuses on intergroup rather than within-group dynamics.

Between 40 and 60 communal ani nests were located and
monitored yearly. Ani groups typically build a complete nest at the
beginning of the nesting season (mid-July), which they defend
through the reproductive period (early September); laying may
occur weeks to months after nest construction. Since we were
primarily concerned with understanding the factors leading to
clutch destruction in this study, we defined the initiation date of
the nesting attempt as the first day on which the first egg was laid
in the communal nest, and the termination date as the last day on
which an egg was present in the communal nest. Nests were
checked daily prior to laying and during laying, every 2e3 days
during the 12-day incubation period, daily during the first 6 days of
the nestling period, and every 2e3 days thereafter until the nes-
tlings fledged or disappeared. Eggs were individually numbered in
the order in which they were laid with a permanent, nontoxic felt-
tipped marker and the fate of each egg was recorded (ejected,
depredated, or hatched). At each visit to the nest, observers noted
the number of adults participating in communal displays; this
measure is highly repeatable and is an accurate count of absolute
group size (Riehl, 2011). The number of reproductive pairs per
group was also verified by the timing of laying in the communal
nest and by genetic identification of egg maternity and nestling
parentage. Finally, observers opportunistically noted behavioural
evidence of intergroup conflicts during nest checks (instances
where individuals from one group were directly observed chasing
or giving alarm calls at members of a neighbouring group, and/or
performing communal displays in response to the presence of a
neighbouring group).

The eventual fate of each nest was recorded as successful
(fledged offspring) or unsuccessful (did not fledge offspring), and
the cause of nest failure was recorded as either intergroup clutch
destruction or any other fate (including predation, failure due to
weather, or unknown causes). Predation and egg ejection were
typically easy to tell apart in the field, since eggs were found
immediately underneath the nest in the latter. It was more difficult
to distinguish between cases of intragroup egg ejection (which
occur at virtually all communal nests, as described above) and cases
of intergroup egg ejection (which were rare). We primarily used
differences in timing and laying patterns: egg ejection within the
social group is restricted to the beginning of the laying cycle,
typically occurs immediately after each egg is laid and ceases when
all of the group's females have started to lay (Riehl & Jara, 2009;
Riehl, 2010a). By contrast, egg ejection by extragroup individuals
occurs at various points in the laying and incubation periods and
after all of the group's females have laid eggs in the nest. Laying
activity by group members was confirmed by genetic analysis.

Genetic Sampling and Analyses

Maternal DNA was collected noninvasively from the surface of
freshly laid eggs using protocols described by Schmaltz, Somers,
Sharma, and Quinn, 2006 and modified and validated for this
study population (Riehl, 2010b). Briefly, the surface of the shell was
swabbedwith a Q-tip (concentrating on areas with visible maternal
blood stains) within 24 h of laying, and the head of the Q-tip was
stored in lysis buffer. DNA from eggshell swabs was extracted using
Omega E.Z.N.A. Forensic DNA spin columns (Omega Bio-Tek Inc.,
Norcross, GA, U.S.A., catalogue no. D3591) and eluted in 200 ml
elution buffer to maximize total yield. These initial elutions typi-
cally exhibited low DNA concentration (<6 ng/ml) and high levels of
impurities, and were subsequently cleaned and eluted in smaller
volumes using Agencourt AMPure XP magnetic beads (Agencourt
Bioscience, Beverly, MA, U.S.A., catalogue no. A63881; final target
Please cite this article in press as: Strong, M. J., et al., Home field advantag
bird, Animal Behaviour (2017), http://dx.doi.org/10.1016/j.anbehav.2017.0
concentration >30 ng/ml). Maternal DNA was also destructively
sampled from the shell membranes of ejected, nonincubated eggs
using protocols described in Strausberger and Ashley (2001).
Omega E.Z.N.A. Forensic DNA kits were also used for these extrac-
tions, but the AMPure purification/clean-up step was not necessary
for successful amplification.

Nestlings were permanently banded with a unique combination
of coloured metal leg bands at 4e5 days of age, and blood samples
(<10 ml) were taken by brachial venipuncture at 2e3 days of age for
genotyping. During 2007e2011, 25e50 breeding adults per year
were captured inmist nets, individually colour-banded and bled via
brachial venipuncture (N ¼ 225). However, the plastic colour bands
used for adults in 2007e2011 (Darvic flat bands, wraparound-style;
https://www.avinet.com/en/bands/darvic) tended to fade and fall
off after ~3 years, so identification of individual group members
across years was primarily through genetic analysis of their eggs
and nestlings rather than by colour bands. Nestlings, adults and
maternal DNA from eggshells were genotyped using a set of 12
highly polymorphic microsatellite markers developed for this
species (Almany et al., 2009); the measured typing error rate was
0.7%. Identification of maternal genotypes is straightforward,
requiring only comparison of genotypes within the nest to identify
unique maternal signatures (Riehl, 2010b). Genetic information
from eggs can therefore be used to confirm a female's membership
in a group across years, as well as the number and identity of eggs
that the female contributes to the communal clutch. Group mem-
bership of adult females was therefore determined by a combina-
tion of resighting of colour-banded individuals and genetic
identification of egg maternity. Group membership of adult males
was determined by a combination of resighting of colour-banded
individuals and genetic analysis of sibling relationships in a
group's clutch across years (for example, if nestlings in a clutch one
year were full siblings of nestlings in the group's clutch the same
year, we assumed that the same parents were members of the
group in both years). We used the program COLONY 2.0 (Jones &
Wang, 2010) to partition communal clutches into clusters of full
siblings, half siblings, or unrelated nestmates; parentage was
assigned using CERVUS 3.0.7 as in Riehl (2012).

We used genetic information from three different sources (egg,
nestling and adult samples) in combination with observations of
colour-banded individuals to determine group stability and site
fidelity across years, as in Riehl (2011). Group stability was
measured as the proportion of reproductive adults present in a
breeding group in one year that were also present the subsequent
year, and the same group was considered to reside on a nesting site
for two successive years when at least 75% of the individuals pre-
sent in the group in one year nested on the same site in the sub-
sequent year. The project began in 2007; therefore, no information
on tenure length was available for groups originally located in that
year, and only minimum possible tenure lengths were known for
groups first located in 2007 and tracked in subsequent years.
Minimum possible tenure lengths were therefore used in the an-
alyses for these groups.

Spatial Analysis and Reproductive Synchrony

We used ArcMap 10.3.1 (Environmental Systems Research
Institute, ERSI, Redlands, CA, U.S.A.) to calculate pairwise distances
between nests, the mean distance between nests and nearest-
neighbour distance for each nest in the study area each year. Ani
groups occasionally build a second nest and attempt to renest if the
first clutch fails; however, the second nest is usually in the same
bush or shrub as the first nest (often <1 m from the first nest; Riehl
& Strong, n.d.), so when renesting attempts were included in the
analyses, the same location was used for both nests. The point
e, not group size, predicts outcomes of intergroup conflicts in a social
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density tool in ArcMap was then used to measure the density of
‘points’ (nests) per square kilometre given a predetermined radius
around each nest. We used the mean distance between nests for
each year, a biologically relevant measurement, as the radius for
each nest. This analysis produced a heatmap of the overlap of radii
between nesting groups, with warmer colours indicating dense
clusters of nesting groups, or neighbourhoods (Fig. 1). To quantify
reproductive synchrony among nesting groups, we used
Kempenaers's (1993) synchrony index formula (modified from
2009 Nest density/km2

0 – 1.54

1.54 – 3.08

3.08 – 4.63

4.63 – 6.17

6.17 – 7.72

7.72 – 9.26

9.26 – 10.80

10.80 – 12.35

12.35 – 13.89

Figure 1. Satellite map of locations of greater ani nests at Barro Colorado Nature Monumen
fifth peninsula, Frijoles, is not shown). Each dot represents one nest and the radius of each gr
local density of nesting groups.

Please cite this article in press as: Strong, M. J., et al., Home field advantag
bird, Animal Behaviour (2017), http://dx.doi.org/10.1016/j.anbehav.2017.0
Bj€orklund & Westman, 1986), which measures the degree of over-
lap of fertile periods of each female in a breeding population.
Values of the synchrony index (SI) range from 0% (no synchrony) to
100% (complete synchrony). In greater ani groups, breeding females
in the same nesting group are by necessity in reproductive syn-
chrony, since the communal clutch does not accumulate until all of
the group's females have started to lay. Therefore, we calculated
synchrony across breeding groups rather than across individual
females. Each group thus represents one reproductive unit and
0 1 2 km0.5

t, central Panama, showing Barro Colorado Island and mainland peninsulas; 2009 (the
een circle represents the mean distance between nests. Warmer colours indicate higher

e, not group size, predicts outcomes of intergroup conflicts in a social
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synchrony was calculated using the laying dates of the first and the
last egg of each group. We developed a program in LabVIEW (Na-
tional Instruments Corporation, Austin, TX, U.S.A.) to calculate
synchrony indices for the entire study area each year and for each
site within the study area (Barro Colorado Island and the mainland
peninsulas Frijoles, Bohio, Gigante, Pe~na Blanca and Buena Vista).
Following Marsden and Evans's (2004) modification of
Kempenaers's (1993) method, we used a Monte Carlo randomiza-
tion to simulate the distribution of reproductive synchrony under
random expectations, and compared our observed values to the
null distribution to identify statistically significant deviations
(P < 0.05 with Bonferroni correction for multiple hypothesis
testing). Because the distributions of synchrony indices across sites
and clusters were not normal, we also used Wilcoxon signed-ranks
tests to ask whether synchrony indices across sites differed
significantly from those under random expectations. Sampling of
the study area was restricted in 2010e2011 and focused primarily
on groups for which we possessed long-term data, so analyses of
nest density and synchrony excluded data from these years.
Statistical Analyses and Sample Sizes

A total of 353 nesting attempts were observed over the study
period; for 22 of these, groups built and defended nests, but did not
lay eggs. We obtained complete data for egg maternity, initiation
and termination date, and nest fate, for 192 of the remaining 331
nesting attempts. We used multilevel mixed-effects logistic
regression models to identify factors predicting the probability of a
nesting attempt being destroyed by a conspecific group (¼1) versus
any other fate (¼0). ‘Any other fate’ included nests that were
depredated, destroyed due to weather or unknown causes, or
successfully fledged. Initial models included all variables of po-
tential biological relevance, including the number of individuals in
the nesting group (absolute group size), the local density of nesting
groups (measured using the point density function in ArcMap,
described above), the linear distance to the nearest neighbouring
group, the type of nesting territory (0 ¼ shoreline, 1 ¼ emergent
vegetation), the initiation date of the nest (standardized for year by
subtracting the initiation date from the mean and dividing by the
standard deviation for that year) and the total number of days over
which the nest would have been vulnerable to attack by conspe-
cifics (i.e. the total number of days for which eggs were recorded to
be present in the nest). Since previous studies have found that
larger groups are more likely to nest on high-quality territories, we
also included the interaction between absolute group size (number
of group members) and nest site type. Finally, group identity was
included as a random effect in all models to account for repeated
measures, since most groups were sampled across several years.

Best-fit models were selected using a ‘best-subsets’ approach, in
which initial models included all terms andwere comparedwith all
possible models using subsets of the terms. Models were evaluated
with Akaike's information criterion corrected for finite sample size
(AICc; Burnham & Anderson, 2002). Models within two AICc units
of the top model (DAICc ¼ 0) were candidates of potential explan-
atory value; however, models within two AICc units of the top
model that differed from a higher-ranking model by the addition of
one parameter were rejected as uninformative, as recommended
by Arnold (2010). Full model results and overall significance tests
for models are presented in Supplementary Table S2; inferences
from models were made only when the overall model was signif-
icant. Analyses were conducted in STATA 14 (StataCorp LP, College
Station, TX, U.S.A., http://www.stata.com/stata14/), statistical sig-
nificance was set at ɑ ¼ 0.05, and results are given as means ± SE
unless otherwise reported.
Please cite this article in press as: Strong, M. J., et al., Home field advantag
bird, Animal Behaviour (2017), http://dx.doi.org/10.1016/j.anbehav.2017.0
For the nesting groups whose clutches were destroyed by
neighbouring groups, we conducted a second set of analyses to
compare traits of groups that were attacked with traits of the most
likely aggressors, their nearest neighbouring groups. In no in-
stances could we identify the aggressor group with absolute cer-
tainty, since clutch destruction was never directly observed;
however, both behavioural observations of intergroup conflict and
the results of the aforementioned analysis (see Results), indicated
that aggressor groups were most likely to be the nearest neigh-
bours of the attacked group. Since we obtained complete infor-
mation from only 18 pairs of attacked groups and their nearest
neighbours, we performed matched-pairs comparisons rather than
constructing statistical models. We used Wilcoxon signed-ranks
tests to determine whether attacked groups and their nearest
neighbours differed in size (number of individuals) or in tenure
length (number of years that the group had been present on the
nest site).
Ethical Note

Field sampling methods were approved by the Institutional
Animal Care and Use Committee of the Smithsonian Tropical
Research Institute (protocols numbers 2007-02-03-15-07, 2015-
0601-2018). Export permits for genetic material were granted by
Panama's Autoridad Nacion�al del Ambiente (ANAM), and import
permits to the U.S. were granted by the United States Department of
Agriculture. DNA sampling of maternal blood from eggs is nonin-
vasive and has had no observable effects on egg viability. During
banding and blood sampling, nestlings were held for less than
10 min and the amount of blood taken (<45 ml, 0.05 g) was less than
1% of body mass (minimum nestling body mass ¼ 30 g), well below
the recommended limits for avian blood sampling (Voss, Shutler, &
Werner, 2010). Nestlings that appeared weak or dehydrated were
not bled, and nestlings were taken a short distance away from the
nest during processing to minimize stress to the adult group
members, who appeared most disturbed when researchers were
present at the nest. Nests were accessed by water to avoid
damaging vegetation, and all nest checks were kept to a minimum
to avoid disturbance. Nests were not approached when potential
predators were present, to avoid attracting their attention to the
nest (primarily keel-billed toucans, Ramphastos sulfuratus, and
white-faced capuchins, C. capuchinus).
RESULTS

Spatial Clustering and Reproductive Synchrony

Spatial analysis revealed that nesting groups were nonrandomly
distributed over the study area, frequently clustering in loose ag-
gregations of up to nine groups/km2 (Fig. 1; Supplementary Fig. S1).
At the level of the entire study area, nesting groups did not exhibit
significant reproductive synchrony across the 3-month breeding
season. For the 8 years for which we had sufficient data to analyse
reproductive synchrony (2007e2009, 2012e2016), synchrony
indices ranged from 13.5% to 47.6% (mean ± SE ¼ 22.1 ± 3.8) and
did not deviate significantly from random expectations in any year
(Supplementary Table S1). However, nesting groups showed
moderate reproductive synchrony at the six sites within the study
area (Barro Colorado Island and mainland peninsulas Frijoles, Pe~na
Blanca, Gigante, Bohio and Buena Vista). Reproductive synchrony
within sites ranged from 0% to 68% (mean ± SE ¼ 26.5 ± 3.1) and
was significantly higher than predicted by Monte Carlo randomi-
zation (Wilcoxon signed-ranks test: Z ¼ 2.3, P ¼ 0.02;
Supplementary Table S2).
e, not group size, predicts outcomes of intergroup conflicts in a social
7.006
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Table 2
Effect sizes (b), standard errors (SE) and 95% confidence intervals (CI) of explanatory
variables for the binary probability of a nesting attempt being destroyed by a
conspecific group ( ¼ 1, N ¼ 18) versus any other fate ( ¼ 0, N ¼ 174), obtained from
model averaging of the three competitive models presented in Table 1.

Variables b SE 95% CI

Nest site type 2.762 0.263 1.377 4.143
Nearest-neighbour distance (m) 0.854 0.023 0.370 1.215
Nest site type)group size 0.533 0.018 �0.797 0.269
Group size 0.237 0.054 �0.330 0.805
Initiation date 0.001 0.012 0.001 0.001
Total days �0.018 0.091 �0.091 0.054

Nest site type (1 ¼ emergent vegetation, 0 ¼ shoreline vegetation) was coded as a
binary variable, and initiation date was standardized by year.
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Figure 2. Proportion of nests built on emergent sites (white bars, left axis) and mean
nearest-neighbour distance in metres (grey bars, right axis) for clutches destroyed by
conspecific nesting groups (N ¼ 18) and clutches that were not destroyed by conspe-
cific nesting groups (N ¼ 143). Error bars represent 95% confidence intervals and
standard errors, respectively.
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Occurrence and Predictors of Intergroup Clutch Destruction

Of 192 nesting attempts for which we collected complete data,
18 clutches (9.3%) were apparently destroyed by conspecifics
outside the social group. In all cases, eggs were found immediately
underneath the nest during either the incubation period (N ¼ 11) or
the laying period (N ¼ 7), after all of the females in the breeding
group had started to lay. In the majority of cases (N ¼ 14), field
observers noted behavioural evidence of conflict between groups
whose clutches were destroyed and their nearest neighbours (e.g.
chasing, alarm calling and communal displays) immediately before
or immediately after the clutch was destroyed. Although we never
directly observed clutch destruction in the field, we suspect that
eggs were rolled out of the nest by extragroup individuals in much
the same manner that within-group females ordinarily use to
remove eggs at the beginning of the nesting cycle. In two cases,
eggs were found underneath a group's nest over the course of
several days, accompanied by behavioural observations of frequent
conflicts between the attacked group and their nearest neighbours
(including chasing, alarm calling and close approaches to the
attacked group's nest). In only one of 18 instances did an attacked
group successfully renest and fledge offspring; in the other 17 in-
stances, the group abandoned the territory. Overall, predation
accounted for the majority of nest failures (N ¼ 99, 51.6%), followed
by intergroup clutch destruction (N ¼ 18, 9.3%) and weather (N ¼ 2,
1.0%). The remaining 73 nesting attempts (38.0%) successfully
fledged at least one offspring.

Mixed-effects logistic regression models revealed that clutch
destruction was most likely to occur when two groups attempted
to nest in close proximity on high-quality nest sites (those on small
islands of emergent vegetation). Three competitive models were
assigned AICc scores within 2 AICc units of each other. All three
included nearest-neighbour distance and nest site type (or the
interaction between group size and nest site type) as significant
predictors of the likelihood that a clutch would be destroyed
(Table 1). Because these models were equally well supported, we
performed model averaging (Symonds & Moussalli, 2010) to esti-
mate the effect sizes of each variable (Table 2). Nest site type and
nearest-neighbour distance were the only predictors for which
95% confidence intervals did not overlap zero (Table 2). Clutch
initiation date and the total number of days that the clutch was
vulnerable to attack by conspecific (‘total days’) were also retained
in the top models; however, including local nest density did not
significantly improve model fit compared to the top models
(Supplementary Table S3). Post hoc analyses confirmed the effects
of nearest-neighbour distance and nest site type. Whereas the
average distance between nearest neighbours across all dyads in
the study area was 478.9 m (± 35.9), the average distance between
attacked nests and their nearest neighbours was only 257.7 m (±
34.6). This difference was significant (t190 ¼ 1.97, P ¼ 0.05; Fig. 2).
Nests built on high-quality emergent sites were more likely to be
destroyed, with 72.2% of attacked nests and only 20.7% of non-
attacked nests built on emergent nest sites (c2

1 ¼ 22.8, P < 0.0001;
Fig. 2).
Table 1
Mixed-effects logistic regression models within 2 AICc units of the best-fit model, predicti
(¼ 1, B ¼ 18) versus any other fate (¼ 0, N ¼ 174)

Random effects:

Nest site type, initiation date, total days, nearest-neighbour distance
Nest site type)group size, initiation date, total days, nearest-neighbour distance
Nest site type, initiation date, nearest-neighbour distance, density

Group ID was included as a fixed effect in all models to control for repeated measures acr
models and their ranks are presented in Supplementary Table S3.

Please cite this article in press as: Strong, M. J., et al., Home field advantag
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Effects of Group Size and Prior Experience

To identify group-level characteristics predicting the outcome of
intergroup conflicts, we conducted paired comparisons of the 18
groups whose clutches were destroyed with their nearest neigh-
bours (the group that was likely the aggressor). There was no sig-
nificant difference in absolute group size between attacked groups
and aggressor groups (Wilcoxon signed-ranks test: Z ¼ �0.36,
P ¼ 0.72). The mean (± SE) size of groups whose clutches were
destroyed was 4.78 ± 0.30 individuals (range 4e8), and the mean
size of their nearest neighbouring group was 4.56 ± 0.25 in-
dividuals (range 4e7). In six cases the attacked group was larger
than the aggressor group, in four cases it was smaller, and in eight
cases the two groups had the same number of members (Fig. 3a).

However, attacked groups and aggressor groups did differ in the
number of years that they had previously nested on the site (tenure
length; Wilcoxon signed-ranks test: Z ¼ �2.12, P ¼ 0.005). For the
15 pairs of nests for which tenure length was known, the mean
tenure length of groups whose clutches were destroyed was
ng the binary probability of a nesting attempt being destroyed by a conspecific group

AICc DAICc Model likelihood AICc weight Evidence ratio

85.35 0.00 1.00 0.21 1.36
85.97 0.62 0.73 0.16 1.54
87.01 1.66 0.44 0.09 1.09

oss years. Evidence ratios compare each model to the next lowest-ranked model. All

e, not group size, predicts outcomes of intergroup conflicts in a social
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Figure 3. (a). Difference in group size for 18 groups whose clutches were destroyed and their nearest neighbouring group. Grey bars denote instances in which a larger group
apparently destroyed the clutch of a smaller group, and black bars indicate instances in which a smaller group apparently destroyed the clutch of a larger group. (b). Difference in
tenure length (number of years occupying a nesting territory) for 15 groups of known tenure length whose clutches were destroyed and their nearest neighbouring group. Grey bars
denote instances in which a longer-established group apparently destroyed the clutch of a more recently established group, and black bars denote instances in which a more
recently established group apparently destroyed the clutch of a longer-established group.
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0.67 ± 0.23 years (range 0e2), whereas the mean tenure length of
their nearest neighbours was 3.27 ± 0.65 years (range 0e7). In 9 of
15 cases, a previously established group destroyed the clutch of a
group that had never before nested at the site; and in 2 of 15 cases, a
longer-established group destroyed the clutch of a more recently
established group. In the remaining three cases, a more recently
established group ousted a longer-established group, and in all
three cases the difference in tenure length was �2 years (Fig. 3b).
DISCUSSION

In this study, we found that greater ani groups often nest at high
densities and in spatially aggregated clusters. Rarely, conflicts over
nesting territories appear to result in attacks on the nest itself,
resulting in eviction of the group's eggs and abandonment of the
nest. These conflicts were most likely to occur on small islands of
emergent vegetation (sites that are less vulnerable to terrestrial
predators), particularly when two groups built nests in close
proximity to one another; and usually resulted in eviction of the
more recently established group by a longer-established group.

Competition over nest sites is common in birds and often in-
volves destruction of eggs or young, especially in cavity-nesting
species for which nest sites are limited. In cliff swallows, Pet-
rochelidon pyrrhonota, tree swallows, Tachycineta bicolor, house
wrens, Troglodytes aedon, marsh wrens, Cistothorus palustris,
woodpeckers and other cavity-nesting species, egg and nestling
destruction by conspecifics is relatively common and usually re-
sults in nest usurpation by the aggressors (reviewed in Lindell,
1996). These attacks are relatively less common in open-cup
nesters, although Heinsohn's (1988) report of intergroup conflict
in cooperatively breeding white-winged choughs, Corcorax mela-
norhamphos, is remarkably similar to this study. Like greater anis,
white-winged chough groups live in stable social groups that
defend an open-cup nest rather than a foraging territory. Over three
years, Heinsohn (1988) observed several instances in which
members of one group dislodged and destroyed the nests of
neighbouring groups (once evicting the eggs and leaving the nest
intact); all instances occurred when two groups built nests rela-
tively close to one another (within 500 m).

The evidence in this study suggests that, as in white-winged
choughs, the main benefit of intergroup clutch destruction in anis
is to indirectly reduce competition over local resources rather than
Please cite this article in press as: Strong, M. J., et al., Home field advantag
bird, Animal Behaviour (2017), http://dx.doi.org/10.1016/j.anbehav.2017.0
to take over the nest site itself. We never observed an aggressor
group laying eggs in the evicted group's nest; rather, in all 18 in-
stances, the presumed aggressor group had already built a nest
close by (and in most cases had already laid eggs). Anis have large
clutches (up to 11 nestlings), which they feed large arthropods;
approximately 8% of nestlings die from starvation, suggesting that
resources during the nestling period are limited (Riehl, 2016).
Destruction of neighbouring groups' nesting attempts might
therefore reduce local competition for arthropods during the
period when need is greatest, especially since nests in the same
area tend to be reproductively synchronized. We suspect that at-
tacks on neighbouring nests are carried out by single individuals
rather than by the entire breeding group, since behavioural ob-
servations of conflict usually involve one or two extragroup in-
dividuals approaching a group's nest and being chased away by the
residents, rather than entire nesting groups engaging in conflict. If
so, this may account for the lack of correlation between relative
group size and the likelihood of clutch destruction; however, we
lack direct observational data to confirm this. In white-winged
choughs, nest destruction was also performed by single in-
dividuals rather than by the entire group; however, in all but one
instance, the attacked groupwas smaller than the aggressor's group
(Heinsohn, 1988).

Macedo, Cariello, and Muniz (2001) suggested an alternative
hypothesis for clutch destruction observed in guira cuckoos, Guira
guira, a close relative of the greater ani that shares a similar
breeding system. In guira cuckoos, nestlings are commonly killed
and/or ejected from the nest sequentially, often leading to failure of
the nesting attempt (Macedo & Melo, 1999). Macedo et al. (2001)
suggested that infanticide might be an adaptive strategy to force
renesting, possibly creating new reproductive opportunities for
either extragroup individuals or group members who did not
contribute young to the first nesting attempt. However, this is un-
likely to explain clutch destruction in greater anis for several rea-
sons. Greater ani groups are smaller and more stable than guira
cuckoo groups: egg ejection by group members is limited to the
beginning of the laying cycle, so the number of eggs that each fe-
male contributes to the incubated clutch is nearly equal (Riehl,
2011). Therefore, it is unlikely that it would be adaptive for a
group member to force renesting after already laying eggs. Second,
in no cases did we observe an attacked group successfully renest-
ing: in two cases, an attacked group attempted to lay a second
e, not group size, predicts outcomes of intergroup conflicts in a social
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clutch of eggs after the first was ejected, but in both cases the group
was attacked again and the second clutch of eggs was ejected as
well. In one of these cases, the attacked group was finally able to
renest successfully, but not until 4 months after the breeding sea-
son had ended e the only breeding attempt during the dry season
that we have recorded in over 10 years. Finally, direct behavioural
observations suggest that clutch destruction was preceded by
frequent aggression between two closely neighbouring groups,
including chasing and alarm calls. In one case where two groups
nested within 50 m of one another on a small (<1 ha) island, eggs
were ejected sequentially from one clutch during laying and in-
dividuals were seen flying between the two nests. Within 1 week,
several eggs were ejected from the other nest. All eggs were
eventually ejected from both nests, and both were ultimately
abandoned. However, despite the circumstantial evidence for the
identity of aggressor groups in this study, it is important to note
that we could not directly verify which group was the attacker, so
our assumption that the nearest neighbouring group was respon-
sible may not have been correct in all cases.

There are several potential explanations of the observed corre-
lation between a group's tenure on the nest site and the likelihood
of success in intergroup conflicts. First, the expected payoffs for the
conflict may be asymmetrical: a group that has nested on the same
territory for several years might value that territory more highly
than a newcomer group does, such that the established group has
more to gain by evicting the newcomer (and more to lose if it is
evicted). Similar asymmetries have been documented in baboons
(P. cynocephalus; Markham et al., 2012), in which the probability of
winning an intergroup conflict depends partly on how frequently
the group has used the area in question. Second, a group's length of
tenure on the nest site may be correlated with the age and the
experience of the group members. We were not able to test for this
effect in our data set, but at least for stable groups (those containing
the same members across years), a correlation between age of
group members and tenure length on territory would be expected.
Older or more experienced individuals might be more likely, or
better able, to attack neighbouring groups due to differences in
individual knowledge, condition or perceived value of the nesting
territory. Little is known about the role that individual experience
plays in group-level conflicts, although age has been shown to be a
predictor of participation in intergroup contests in some primates
(reviewed in Kitchen & Beehner, 2007). Finally, additional un-
known variables may underlie the correlation between a group's
tenure on a site and the probability of success. Groups that have
nested on a territory for several years have, by definition, been able
to maintain ownership of the territory and avoid eviction. It is
therefore possible that long-established groups are composed of
higher-quality or higher-condition individuals, and that these un-
known physiological or cognitive differences are responsible for
both the stability and the competitive ability of long-established
groups.

In summary, the data in this study suggest that ani groups that
have previously occupied a site are better able to defend that space
against newcomer groups, regardless of relative group size e a
pattern documented in many species of primates but (to our
knowledge) never previously shown in birds. Although intergroup
clutch destruction is rare, its fitness consequences are severe, al-
ways ending in the reproductive failure of the group whose clutch
is destroyed. The direct fitness advantage gained by long-term oc-
cupancy of a site may therefore be significant, providing selection
for group stability. Future studies are now needed to determine
how long-term group membership interacts with other de-
terminants of lifetime reproductive success, such as reproductive
synchrony with fellow group members, to influence individual
fitness.
Please cite this article in press as: Strong, M. J., et al., Home field advantag
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