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Abstract In many cooperative animal societies, individuals
can recognize their relatives and preferentially direct helping
behaviors towards them. However, the ability to learn kin
recognition cues may be constrained in societies with low
relatedness, since group membership alone is not a reliable
proxy for kinship. Here, we examine kin discrimination in
the greater ani (Crotophaga major), a communally nesting
bird in which several unrelated males and females reproduce
in a single, shared nest and provide parental care to the mixed
clutch of young. Each adult, therefore, is closely related to
some nestlings in the clutch and unrelated to others. Food is
limited and starvation is a significant cause of nestling mor-
tality, suggesting that adults should increase their fitness by
preferentially feeding their own offspring in the mixed clutch.
To test this hypothesis, we cross-fostered broods of nestlings
between pairs of nests, such that none of the nestlings in the
manipulated nests were related to any of the adults feeding
them. We found no evidence that adult greater anis discrimi-
nate between their own and unrelated nestlings: adults at
cross-fostered groups fed nestlings at the same rates as adults
at control (sham-manipulated) nests, and rates of nestling star-
vation were equal at cross-fostered and control nests. These
results suggest that adult greater anis do not recognize their
own nestlings, and they are consistent with the hypothesis that
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genetically encoded markers for kin recognition are rare in
birds.
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Introduction

Cooperatively breeding animals live in social groups in which
several individuals provide alloparental care to a single brood
of young. Because caregivers often vary in their degree of
genetic relatedness to offspring in the brood, kin selection
theory predicts that individuals should increase their inclusive
fitness by preferentially directing care towards those to whom
they are most closely related (Hamilton 1964). Many empiri-
cal studies have supported this hypothesis, finding that the
ability to recognize kin is widespread in insects, mammals,
and birds (reviewed in Komdeur and Hatchwell 1999; Breed
2014). In other instances, however, kin recognition is surpris-
ingly absent, even in situations where it would be expected to
confer obvious benefits (Keller 1997). Male birds, for exam-
ple, are generally unable to discriminate between their own
offspring and those fathered by other males, even when the
risk of extra-pair paternity is high (Kempenaers and Sheldon
1996). Kin discrimination is also rare in eusocial insects: in-
dividuals typically distinguish between nestmates and
non-nestmates, but not between relatives and non-
relatives within the same colony (Atkinson et al. 2008;
Boomsma and d’Ettore 2013).

Several hypotheses have been proposed to explain the ab-
sence of kin recognition in cooperative breeders. When group
members are closely related to one another, there may be little
selection pressure for the evolution of recognition
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mechanisms (Komdeur and Hatchwell 1999). Even when
group members vary in relatedness, the evolution of such
mechanisms may be constrained by the risk of errors (for
example, when the costs of mistakenly rejecting one’s own
offspring are greater than the benefits derived from discrimi-
nation). Finally, group members may lack sufficient opportu-
nities to learn visual, auditory, or chemical cues associated
with their relatives. Although Hamilton (1964) originally pro-
posed that kin recognition might be genetically encoded, via
“recognition alleles” or phenotype matching, most empirical
studies have found that kin recognition cues are instead
learned through association, via indirect proxies that are likely
to be correlated with kinship (Griffiths and Magurran 1999;
Tang-Martinez 2001). In cooperatively breeding long-tailed
tits (Aegithalos caudatus), for example, nestlings learn char-
acteristic contact calls from closely related adults while they
are still in the nest (Sharp et al. 2005). Adults can also learn to
recognize their own young: in American coots (Fulica
americana), adults first learn to distinguish the phenotypes
of their own offspring and can subsequently discriminate
against unrelated, parasitic nestlings (Shizuka and Lyon
2010). These mechanisms can only evolve when the cues
are reliable—for example, when age, spatial proximity, and
group membership are consistent predictors of genetic
relatedness.

Instances of “true” kin recognition—the ability to recog-
nize genetic relatives even without prior experience—have
been notoriously difficult to demonstrate (Grafen 1990;
Rousset and Roze 2007). However, several recent studies
have re-opened the possibility of true kin recognition by
showing that olfactory cues, probably encoded by genes in
the major histocompatibility complex (MHC), can be used
to discriminate between kin and non-kin without previous
association (Todrank and Heth 2003; Krause et al. 2012;
Leclaire et al. 2013). In these cases, MHC polymorphisms
may provide stable signatures shared by genetically related
individuals, similar to the “recognition alleles” originally
envisioned by Hamilton. It is still unclear, though, whether
MHC or odor-based kin recognition is widespread in social
animals. Relatively few empirical studies have tested whether
cooperatively breeding birds are capable of discriminating be-
tween related and unrelated nestlings, and even fewer have
performed the experimental manipulations necessary to en-
sure that recognition is based on innate rather than learned
cues (Krause et al. 2012).

Here, we ask whether the greater ani (Crotophaga major), a
cooperatively breeding bird, is capable of kin discrimination.
Anis have an unusual reproductive system that provides an
ideal opportunity for testing this hypothesis: each nesting
group consists of two to four genetically unrelated pairs of
adults that construct a single nest in which all of the females
lay their eggs. Group nesting appears to be obligate; less than
2 % of nesting units consist of lone pairs, which have never
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been observed to raise young successfully (Riehl 2011). All
group members, both males and females, participate in incu-
bation, nest defense, and parental care of the shared brood of
offspring. Pairs within the group are socially monogamous
and predominantly genetically monogamous as well, although
10-15 % of nestlings are produced by extra-pair copulations
among individuals in the same social group. Reproductive
bias, or skew, is extremely low among group members, and
all of the adult group members typically gain parentage in
each nesting attempt (Riehl 2012). Each pair typically contrib-
utes three to four eggs to the shared clutch, and the final clutch
size ranges from 6 to 15 eggs depending on the number of
adults in the nesting group. Starvation is responsible for ap-
proximately 8—13 % of nestling mortality (Riehl and Jara
2009). Therefore, adult anis could theoretically increase their
reproductive fitness by preferentially feeding their own off-
spring in the mixed clutch, since each adult is closely related
to some of the nestlings and unrelated to the rest. If kin dis-
crimination does occur, however, it must be via genetically
encoded mechanisms rather than learning, since social nesting
is obligate and adult breeders do not have opportunities to
learn the phenotypes of their own offspring in the absence of
unrelated nestlings.

In this study, we used cross-fostering experiments to deter-
mine whether adult greater anis are capable of recognizing
their own nestlings in communal clutches of mixed parentage.
We swapped entire clutches of nestlings between pairs of nests
(controlling for nestling age, clutch size, group size, and time
of year), such that all nestlings in cross-fostered nests were
genetically unrelated to any of the adults feeding them. We
subsequently used motion-activated nest cameras to record
food deliveries to cross-fostered and control (sham-
manipulated) nests, and measured (1) rates of food delivery,
(2) types of prey delivered, and (3) nestling survivorship. We
predicted that, if adults are capable of discriminating against
unrelated nestlings, cross-fostered nests should exhibit lower
rates of food delivery and higher rates of nestling starvation
when compared to control nests.

Study area and methods
Study system and nest monitoring

We studied a nesting population of greater anis in the Barro
Colorado Nature Monument, Panama, a 5400-ha preserve op-
erated by the Smithsonian Tropical Research Institute. This
population has been continuously monitored since 2006. Ap-
proximately 60 % of nesting units consist of two breeding
pairs, 30 % of three pairs, 8 % of four or more pairs, and
2 % of lone pairs (Riehl 2011; CR 2006-2014 unpubl. data).
Approximately 15-20 % of nesting groups also contain at
least one unpaired “helper,” typically a non-breeding male
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from a previous nesting attempt that has delayed dispersal
(Richl and Jara 2009). For this study, we did not include
groups that contained non-breeding helpers so as to restrict
the experiments to nesting groups where all of the adult group
members were reproductive. The habitat at this study site is
tropical lowland forest bordering Gatin Lake; anis build large,
open-cup stick nests along the water’s edge, in tree branches
overhanging the water or in emergent vegetation close to the
shoreline (Riehl and Jara 2009). Nesting is restricted to the
rainy season, typically late June—late September. Groups re-
main on nesting territories year-round and typically re-use the
same nest site for many years, although foraging and roosting
areas are overlapping during the non-breeding season. Incu-
bation requires 11-12 days and nestlings typically remain in
the nest for 2—3 weeks before fledging, although nestlings are
capable of climbing out of the nest, swimming, and hiding in
surrounding vegetation as early as 5 days after hatching. Nes-
tlings are fed primarily on large insects (Orthoptera,
Mantodea, Blattodea), spiders, and small vertebrates (includ-
ing young green iguanas, Iguana iguana, and Ameiva spp.)
Young anis stay with their natal group for approx. 8 months
after fledging; approx. 85 % of offspring then disperse and the
remainder stay with their natal groups as non-breeding helpers
for up to 2 years (Riehl and Jara 2009; Riehl 2011).

All nests were located and checked by boat (details in Riehl
and Jara 2009). Nests were checked daily during the laying
period, every 3—4 days during incubation, and daily during the
nestling period. As part of long-term data collection, eggs
were numbered sequentially with a non-toxic marker in the
order in which they were laid and the fate of each egg was
recorded. Nestlings were banded with a unique combination
of colored leg bands at 4-5 days of age, and a small blood
sample (>10 pL) was taken from the ulnar vein for genetic
analyses (details in Riehl 2011).

Experimental design

We conducted reciprocal cross-fostering experiments at five
pairs of nests in order to test whether adult anis are capable of
recognizing their own nestlings in communal clutches. Each
pair of nests was matched for group size (two to three pairs/
group), clutch size (three to seven nestlings/clutch), and age of
nestlings (1-3 days). Due to the difficulty of identifying ap-
propriately matched nests that were in relatively close prox-
imity, two pairs of nests were cross-fostered in 2008, two pairs
in 2009, and one pair in 2012. All nestlings in the clutch were
swapped with the nestlings in the paired nest, ensuring that
none of the cross-fostered nestlings remained in their original
nest. Extra-pair copulations do occur in this study population,
but previous analyses showed that extra-pair copulations out-
side the nesting group are rare (~3 % of nestlings; Riehl 2012).
Therefore, it is extremely unlikely that any of the adults
tending experimental nests were genetic parents of any of

the foster nestlings. Exchanges took less than 20 min to
perform.

For 24 days following cross-fostering, we measured food
delivery rates and nestling survivorship at cross-fostered nests,
and compared these values with those measured at sham-
manipulated control nests. After a maximum of 4 days, nes-
tlings were returned to their original nests and subsequently
raised by the adults in their natal group. For each pair of
manipulated nests, two control nests were randomly chosen
from the study population that matched the manipulated nest
for year, group size, clutch size, and age of nestlings. Nestlings
at control nests were removed for 20 min and then returned to
the original nest. The cross-fostering period was only 2—4 days
at each nest since nestlings develop extremely rapidly and will
fledge prematurely if they are disturbed after 6 days post-
hatching. Nests were checked every 1-2 days until the nes-
tlings fledged or died, in order to record rates of starvation,
depredation, and nest success.

Rates of food delivery were recorded for at least 12 h per
nest over the 2—4 days following cross-fostering, using digital
motion-activated nest cameras (Wingscapes BirdCams, Ala-
baster, AL, USA). These cameras use infrared sensors to de-
tect changes in motion and temperature; photographs were
stored on 32-gig SDHC memory cards and stamped with the
time and date of the photograph. In order to collect at least
12 h of data per nest, total observation periods varied from 2 to
4 days across nests due to weather (rain events), limits on
camera battery life, and logistics. Details of camera placement
and protocols followed Riehl and Jara (2009). A pilot test in
which a human observer simultaneously recorded food deliv-
eries to nests indicated that cameras captured only ~90 % of
food deliveries, since some visits were too rapid to be fully
captured by the camera (CR unpubl. data 2008). However,
since the same camera protocols were used at all nests, this
should not have biased the comparisons between control and
cross-fostered nests.

Statistical analysis

We recorded a total of 308 h of footage at 20 different nests
(five pairs of cross-fostered nests and ten control nests). Two
of these 20 nests were excluded from the final analysis be-
cause they were depredated during the recording period. Sta-
tistical analysis of camera footage showed that adults typically
returned to the nest and resumed normal rates of food delivery
within 15 min of an observer’s visit to the nest (data not
shown); therefore, at each nest, the first 20 min of footage
following any observer’s visit to the nest was excluded from
analysis. In addition, periods of poor weather (rain and low-
light conditions) were also excluded from the analysis, be-
cause the presence of rain affected both food delivery rate
and camera sensitivity. Following these exclusions, we
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analyzed a total of 262 h of footage at 18 nests (mean=14.5 h
per nest+SD=3.0; range=12-21 h per nest).

Provisioning rates were calculated as the number of food
deliveries per hour per adult group member. Since we could
not identify individual adults in all of the nesting groups, the
provisioning rate is therefore an average measure of the over-
all frequency of food deliveries to the nest, corrected by group
size. We first used matched-pair ¢ tests to directly compare the
provisioning rates at cross-fostered nests vs. control nests,
since the experimental design controlled for clutch size, group
size, and nestling age. In order to identify other factors
predicting variation in provisioning rate, we then performed
a more general analysis by pooling the data from all nests and
constructing generalized linear models in STATA. Since the
response variable was a rate (food deliveries/hour/individual)
and the data followed a Poisson distribution, we used a
Poisson response distribution and a logarithmic link function
in the models. Predictor variables included group size (four or
six adults), clutch size (three to eight nestlings), nestling age
(1-4 days), and experimental treatment (cross-fostered or con-
trol). The variance in the response variable was not larger than
the mean, so we did not correct for overdispersion.

We constructed a second logistic regression to identify fac-
tors influencing the probability of starvation occurring at a
nest. Since the response variable was binary (starvation vs.
no starvation), we used a binomial error structure and a logit
link function. The predictor variables used were identical to
those in the first set of models. For both response variables
(food delivery rate and starvation), initial models included all
predictor variables and two-way interactions between experi-
mental treatment and group size, clutch size, and nestling age.
Final models were chosen by comparison of AICc among all
possible models, rather than by stepwise elimination of vari-
ables (Burnham and Anderson 2002).

Results
Rates of food delivery to nestlings

Rates of food delivery to nestling greater anis did not differ
between control and cross-fostered nests (control mean=1.35
deliveries/h/adult=SE=0.12; cross-fostered mean=1.39+
0.17; matched-pairs t=—0.27, df=7, two-tailed P=0.8;
Fig. 1). Consistent with this result, the best-fit generalized
linear model identified clutch size and group size as signifi-
cant predictors of food delivery rate but not experimental treat-
ment or nestling age (Table 1). Parameter values from the
model revealed that per capita food delivery rates decreased
with group size (the number of adults delivering food to the
clutch) and increased with clutch size (the number of nestlings
receiving food). When the total delivery rate was modeled as
the response variable instead of per capita delivery rate, clutch
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size was the only significant predictor (P=0.02; full model
results not shown). Therefore, adult greater anis increased
their food delivery rate in response to larger clutches; howev-
er, controlling for clutch size, nests with more attending adults
did not experience higher overall rates of food delivery
(P>0.1). There were no significant interactions between ex-
perimental treatment and any of the predictor variables
(P>0.05).

Probability of starvation

The probability of starvation for nestling greater anis did not
differ between control and cross-fostered nests (control, 4 of
43 nestlings died of starvation [9.3 %]; cross-fostered, 4 of 51
[7.8 %]; Fisher’s exact test, P=1.0; Fig. 1). Starvation oc-
curred at 6 of the 18 nests under observation; 1 nestling
starved in each of 4 clutches and 2 nestlings starved in each
of 2 clutches. The average number of nestlings in clutches
where starvation occurred was significantly larger than in
clutches where starvation did not occur (nests with starvation:
clutch size mean=7.0£SD=0.89; nests without starvation:
mean=5.08+1.68, unequal-variance t;4=3.16, P=0.006).
The sample size (18 nests) was too small for a full model
including all possible predictors to converge; however, a sim-
pler logistic regression confirmed that clutch size was a sig-
nificant predictor of starvation, with starvation more likely to
occur in nests with large clutches (>5 nestlings) than small
clutches (<5 nestlings; z=24.1, P=0.03). Experimental treat-
ment did not have a significant effect (z=0.94, P=0.35).

Discussion

The communal nesting system of greater anis is unusual: sev-
eral unrelated pairs of adults share breeding within a single
nest, such that each adult in the group is the genetic parent of
some of the nestlings in the mixed clutch, but unrelated to the
rest. In this study, we found no evidence that adult anis are
capable of recognizing and preferentially feeding their own
nestlings. Food delivery rates and nestling survivorship were
statistically indistinguishable between control nests and cross-
fostered nests, in which none of the adults attending the nest
were related to any of the nestlings that they fed. Other anec-
dotal observations support the hypothesis that adult greater
anis care for nestlings indiscriminately, regardless of kin rela-
tionships. For example, in one clutch in which all but one
nestling died, all six adult group members continued to defend
and feed the lone survivor, even though microsatellite analysis
confirmed that the nestling was related to only two of the
adults (CR, pers. obs. 2008). Similarly, although adult group
members have been observed to divide the brood after fledg-
ing and feed different offspring, brood division in at least two
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cases did not parallel genetic relationships (CR and L. Jara,
pers. obs. 2007-2008).

The apparent inability of greater anis to recognize their
own offspring is puzzling, given the sophisticated kin discrim-
ination mechanisms that have been described in some other
animals. However, it is important to recognize that the inabil-
ity to recognize nestlings is probably ancestral in birds: recog-
nition appears to have evolved only in a few species and under
very restricted circumstances (Beecher 1988). Kempenaers
and Sheldon (1996) outlined two hypotheses that may
explain the absence of kin discrimination by adult birds:
(1) adults do not discriminate against unrelated nestlings
because there are no fitness benefits to be gained by doing
so or (2) offspring recognition is adaptive, but adults are
incapable of it because there are no reliable “rules of
thumb” for recognizing kin, and genetically encoded cues
or labels do not exist.

Given that the risk of starvation for ani nestlings is not zero,
it would seem obviously adaptive for adults to recognize their
offspring and preferentially feed them. However, it is likely

Table1 Final generalized linear model testing the effects of clutch size,
group size, nestling age, and experimental treatment (cross-fostered vs.
control) on the average rate of food delivery to greater ani nests (deliveries
per hour per adult)

Parameter Coefficient Std. error z P>|z|
Intercept 1.07 0.41 0.56

Clutch size 0.69 0.15 2.84 0.005
Group size -0.38 0.17 —2.01 0.05
Nestling age 0.21 0.48 0.48 0.63
Treatment —-0.25 0.37 —0.66 0.51

Significant effects are in italics

Control Fostered

that the low variation in reproductive fitness among adults in
ani groups has led to reduced selection for the ability to rec-
ognize their kin. Unlike most cooperatively breeding birds, all
adult anis in a group typically breed in each reproductive
attempt, and the division of reproduction among group mem-
bers is roughly egalitarian (Riehl 2011). All group members,
therefore, have an approximately equal probability of being
the genetic parent of a given nestling in the clutch, and the
costs of delivering food to an unrelated nestling are essentially
compensated for by the other group members. As a result,
variation in reproductive fitness among individuals within
ani groups is relatively low compared to the variation in fit-
ness between groups (Riehl 2012). Nevertheless, this argu-
ment does not imply that there is no selection on adults to
recognize their own nestlings, since those that could do so
could still, on average, increase their reproductive output rel-
ative to those that could not.

Beecher (1988) proposed a complementary adaptive hy-
pothesis for the absence of nestling recognition in birds, based
on the fitness perspective of the nestling rather than the adult.
He suggested that, in situations where parentage is uncertain,
nestlings should generally benefit from concealing their kin-
ship ties rather than advertising them. Selection should not
favor nestlings that signal their genetic identity, since, if unre-
lated to the provisioning adult, those nestlings would suffer
from an increased risk of starvation or infanticide. Further-
more, the strength of selection on nestlings to hide their ge-
netic identity should increase as the frequency of mixed par-
entage increases, thereby opposing the increased selection on
adults to develop the ability to discriminate (Kempenaers and
Sheldon 1996). Since both starvation and infanticide have
been documented in anis (Riehl and Jara 2009; Quinn et al.
2010), the inability of greater anis to recognize their own
nestlings may reflect an evolutionary conflict of interests
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between the signalers (nestlings) and the receivers (their
caregivers).

Alternatively, the acquisition of kin recognition cues in greater
anis may be constrained by their complex social system. For
most birds, the nestling’s physical association with the nest is
itself a reliable proxy for genetic relatedness, and parents have
a window of time to learn offspring phenotypes. In colonially
nesting seabirds, for example, parents typically learn to identify
the vocalizations of their nestlings in the first few days after
hatching, and subsequently use those vocalizations to locate their
offspring after fledging (reviewed in Insley et al. 2003). Learned
recognition cues appear to have evolved in several other contexts
in birds, including in cooperative breeders that nest with close kin
(Payne et al. 1988; Price 1999; Komdeur et al. 2004; Sharp et al.
2005; Shizuka and Lyon 2010).

In more complex societies like that of the greater ani, where
kin and non-kin are regularly raised in the same nest, kin
recognition cues must be genetically inherited since individ-
uals do not have such opportunities. To our knowledge, the
only study that has demonstrated the existence of genetically
encoded recognition cues in a cooperatively breeding verte-
brate is that of McDonald and Wright (2011), who found that
bell miners (Manorina melanophyrs) use inflexible, innate
vocalizations to distinguish kin in large coteries composed
of both relatives and non-relatives. Learning-based mecha-
nisms to recognize kin appear to be more frequent than genet-
ically encoded cues, at least in birds. Understanding the fac-
tors that constrain the evolution of offspring recognition—
including phylogenetic inertia, parent-offspring conflict, the
high cost of recognition errors, and the evolutionary instability
of phenotypic recognition cues—may help explain several
puzzling avian phenomena, including the near-universal ac-
ceptance of extra-pair young by cuckolded males and the fre-
quent inability of hosts to reject brood-parasitic nestlings.
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