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AsstrACT.—Coo0perative breeding, in which more than two individuals live in a group and
raise offspring, usually in a single nest, is found in only 3% of avian species. On the basis of
a review of the literature, we found reports of groups (usually trios) at nest sites in 42 species
of diurnal raptors. At least one example of cooperative breeding was found in 29% of genera
and 14% of species, distributed in both Accipitridae and Falconidae. Given the difficulty of
obtaining behavioral observations necessary to detect cooperative breeding in most raptor
species, combined with the large number of species that have been poorly studied, cooperative
breeding in diurnal raptors may be more common than our data indicate. However, when data
on the sex of the extra bird(s) or relationships among group members were available, patterns
were quite varied. For 7 of 13 species, groups primarily contained multiple adult males, though
three of those species also had groups formed from offspring that had delayed dispersal; three
species had a low, but regular, occurrence of multiple females (females of groups laid eggs in
the same nest); and the remaining three species were characterized by having extra birds that
were yearlings or subadults. In over half of species, groups did not appear to be composed of
related individuals, contrary to many cooperatively breeding passerine species where groups
are primarily composed of offspring that have delayed dispersal. Our review suggests that the
evolution of group living in many raptors may be independent of delayed dispersal, and that
the factors important in explaining the evolution of that behavior depend upon the benefits of
group living. Received 7 January 2002, accepted 14 December 2002.

ResumeN.—La cria cooperativa, en que mds de dos individuos viven en un grupo y crian
progenie (generalmente en un solo nido), se observa en sélo el 3 % de las especies de aves. Con
base en una revisién bibliografica, encontramos reportes de grupos (trios en su mayoria) en los
nidos de 42 especies de rapaces diurnas. Al menos un ejemplo de cria cooperativa se encontré
en el 29 % de los géneros y el 14 % de las especies, tanto en Accipitridae como en Falconidae.
Dada la dificultad de obtener las observaciones etolégicas necesarias para detectar cria coope-
rativa en la mayoria de las aves de presa, ademds del gran niimero de especies que no ha sido
estudiado, pudiera ser que este fenémeno fuese més comiin de lo que sugiere nuestro estudio.
Sin embargo, cuando se tuvo informacién sobre el sexo de las aves excedentes o sobre el paren-
tesco entre los miembros del grupo, se detectaron una variedad de patrones. En 7 de las 13
especies, los grupos estuvieron conformados por machos adultos; 3 de esas especies también
tuvieron grupos compuestos en su mayoria por progenie que postergé su dispersién. En 3 es-
pecies hubo una presencia modesta, pero regular, de varias hembras (las hembras depositaron
sus huevos en el mismo nido). Las 3 especies restantes se caracterizaron por tener aves de un
afio o subadultos. En méas de la mitad de las especies, los grupos no parecian estar compuestos
por individuos emparentados, contrario a lo que se observa en muchas aves paserinas que
crian cooperativamente donde los grupos se conforman principalmente de progenie que ha
postergado su dispersion. Nuestra revisién sugiere que en muchas rapaces la evolucién de la
convivencia grupal puede ser independiente de la dispersién postergada, y que los factores
mas importantes que explican la evolucién de este comportamiento dependen de los beneficios
que ofrece la vida en grupo.
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COOPERATIVE BREEDING, IN which more than
two individuals participate in raising the off-
spring from a single nest, is found in ~3% of
avian species (Brown 1987, Arnold and Owens
1998). Group composition and whether matings
are monogamous or polygamous varies among
and within species (reviewed in Brown 1987,
Stacey and Koenig 1990, Emlen 1991, Cockburn
1996, Ligon 1999). The majority of well-studied
cooperative breeding species live in groups
composed of a behaviorally dominant breed-
ing pair as well as additional helpers of either
sex. The helpers are frequently offspring of
the breeding pair who have delayed dispersal
and so may be full or half-siblings of the off-
spring that they help to rear. Recent molecular
evidence confirms that behavioral dominants
largely monopolize reproduction, with repro-
duction by subordinates occurring only under
certain circumstances (e.g. Rabenold et al. 1990,
Dunn et al. 1995, Haydock et al. 1996, Lundy et
al. 1998). Less common is cooperative polyan-
dry, in which multiple adult males and a single
adult female form a group. Generally, all males
participate in copulations with the female, thus
any males in a group may sire offspring and are
potentially related to the offspring they assist
in rearing. Finally, there are polygynandrous
(or communal) groups, composed of multiple
females and males, in which all group members
may contribute genetically to the offspring pro-
duced by the group.

For many species that breed cooperatively,
the specific mating system is not static or eas-
ily characterized. For example, group members
may include both retained offspring (typical
cooperative breeding) and multiple same-seX,
unrelated adults that may all participate in
copulations (e.g. Jamieson et al. 1994, Bednarz
1995, Malan et al. 1997, Whittingham et al.
1997, Lundy et al. 1998). Thus, we use the term
“cooperative breeding” for all situations where
individuals breed in groups.

Cooperative breeding has been of inter-
est to evolutionary biologists because group
breeding generally requires some individuals
to forgo or share reproductive opportunities,
potentially leading to a reduction in lifetime
reproductive success. In many studies, that
question why breed in groups? is treated as
equivalent to why offspring should delay dis-
persal, and several authors (e.g. Cockburn 1996,
Hatchwell and Komdeur 2000) have suggested
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that the first step in the evolution of cooperative
breeding is the evolution of delayed dispersal.
Therefore, research in that area has been fo-
cused on understanding constraints limiting
dispersal and the benefits of philopatry (Emlen
1982; Stacey and Ligon 1987, 1991; Koenig et
al. 1992; Ligon 1999; Hatchwell and Komdeur
2000; Pen and Weissing 2000; Ekman et al. 2001;
Russell 2001). After breeding occurs in groups
that have evolved, there are many reasons why
members of the group should aid in rearing
both related and unrelated offspring, including
kin selection, access to mates, skill acquisition,
formation of alliances, and membership in a
group that may provide a variety of benefits
(reviewed in Cockburn 1998).

In an attempt to better understand the factors
that may lead to cooperative breeding, a large
number of ecological and life-history factors
(such as climate, geography, diet, dispersal,
habitat availability, survivorship, and clutch
size) have been investigated (e.g. Ford et al.
1988; Poiani and Jermin 1994; DuPlessis et al.
1995; Arnold and Owens 1998, 1999). However,
although certain traits—such as survivorship,
clutch size, and climate—appear to correlate
with cooperative breeding in many taxa, there
do not seem to be universal conditions that can
explain the evolution of cooperative breeding
across taxa and geographic regions (Ford et al.
1988; Poiani and Jermin 1994; DuPlessis et al.
1995; Arnold and Owens 1998, 1999) .

There is a phylogenetic component to coop-
erative breeding, such that the majority of co-
operative breeders are restricted to a few avian
lineages (Russell 1989, Edwards and Naeem
1993, Arnold and Owens 1998). The importance
of evolutionary history in the taxonomic distri-
bution of cooperative breeding in extant spe-
cies is further reinforced by observations that
closely related species living in very different
habitats may breed cooperatively, indicating
that ecological conditions may not explain all
incidences of cooperative breeding (e.g. Zack
1995, Ligon 2001). Although evolutionary his-
tory is important, most avian lineages that con-
tain cooperatively breeding species also contain
noncooperatively breeding species (Brown
1987, Arnold and Owens 1998, Edwards and
Naeem 1993). In addition, for many species that
breed cooperatively, some individuals breed in
monogamous pairs, and incidence of coopera-
tive breeding may vary among populations of
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the same species. Thus, particular avian lin-
eages may often be predisposed to cooperative
breeding or group living, but other factors may
be important in determining whether coopera-
tive breeding actually occurs.

Among Falconiformes (American Ornitholo-
gists” Union 1998), there are several well-
studied examples of cooperative breeding. The
Galdpagos Hawk (Buteo galapagoensis) has a co-
operatively polyandrous mating system, where
the multimale groups are composed of unrelated
adult males that share paternity (Faaborg et al.
1995). The Harris’s Hawk (Parabuteo unicinctus)
and the Pale Chanting Goshawk (Melierax ca-
norus) are also classified as cooperatively poly-
androus, though both of those species groups
may contain unrelated adult males, females, and
retained offspring (e.g. Bednarz 1995, Malan et
al. 1997).

Hypotheses to explain cooperative breeding
in those raptors have been varied, and the most
likely reason suggested for each species differs.
For example, in Buteo galapagoensis, it has been
suggested that groups of males may be neces-
sary to acquire and defend a territory (Faaborg
et al. 1980, Faaborg 1986, Faaborg and Bednarz
1990). In contrast, cooperative hunting is a key
advantage in Parabuteo unicinctus, and the en-
hanced foraging efficiency of cooperative hunt-
ing probably set the stage for the development
of cooperative breeding (Bednarz 1988, Faaborg
and Bednarz 1990). In Melierax canorus, polyan-
drous groups are more likely to lay a second
clutch than are monogamous pairs, co-breeders
assist in nest defense, and cooperative hunting
may increase both foraging success as well as
quality and size of captured prey, all of which
could favor living in groups (Malan and Jenkins
1996; Malan and Crowe 1996, 1997; Malan et al.
1997; Malan 1998). Those divergent hypotheses
suggest that different factors have been respon-
sible for evolution of cooperative breeding in
those respective taxa.

To examine those issues in more depth, we
review the literature on cooperative breeding
in diurnal raptors. In addition to the three well-
studied species discussed above, we review the
literature for other species in which cooperative
breeding is an occasional to common feature of
the breeding system. We then examine details
of each cooperative breeding system (where
known) and distribution of that behavior among
diurnal raptors.
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INCIDENCE AND DISTRIBUTION OF COOPERATIVE
BREEDING AMONG DIURNAL RAPTORS

We have listed all taxa for which we found at
least one example of more than two individuals
residing in a group during a nesting attempt
(Table 1). Because the same group is likely to
inhabit the same territory for multiple years
(Newton 1979), the number of cases indicates
a number of different territories in which co-
operative breeding was observed, regardless of
the number of years of observation. For species
in which multiple females were present, we
have only included those cases in which it was
clear that only one nest was present. The one ex-
ception is Haliaeetus albicilla (Green et al. 1996),
where it was not reported what proportion
of multifemale territories contained one nest
(and represented cooperative breeding) or two
nests (representing typical polygyny). Thus,
for that species, all multifemale territories were
included. Helping behavior, which we define as
any behavior that could improve the probabil-
ity of rearing offspring successfully (including
nest building, nest defense, provisioning of the
female; as well as direct helping such as in incu-
bating, brooding, or feeding of offspring) was
not observed or confirmed in all cases.

Data presented in Table 1 are probably
an underestimate both in terms of the num-
ber of species included and in the frequency
of cooperative breeding in a given species.
Cooperative groups may be overlooked in rap-
tors (e.g. Newton 1979, Packham 1985, Santana
et al. 1986, Bednarz 1987) for several reasons: (1)
there are few raptor studies involving banded
birds; (2) many species have large territories,
making it difficult for observers to see all indi-
viduals residing in the territory; (3) many rap-
tors are sensitive to disturbance and will avoid
their nest or behave abnormally when a human
observer is present; and (4) distance between
territories may make it difficult to monitor a
large number of nests in enough detail neces-
sary to detect cooperative behavior. In addition,
because most raptors are thought to be monoga-
mous, additional birds may be viewed by casual
observers as transients and thus not recorded.
Finally, many diurnal raptors have been poorly
studied, and for some, there are no data on
nesting or breeding behavior, especially for
raptors in the tropics. For some of those poorly
studied species, possible cooperative breeding
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TABLE 1. Continued.

Citations

del Hoya et al. 1992

Agec  Copulationsd Helpe

aSexb

No. groups (%)

Species

Black-thighed Falconet
Striated Caracara
Pygmy Falcon

Microhierax fringillarius

Phalcoboenus australis

J. Meiburg pers. comm.

M?

Thomsett 1991 (in Arroyo 1996)

Polihierax semitorquatus

aNumber of nests with groups (percentage of the nests in the population that contained groups).

= Unknown).

Male, ?

= Female, M =

bSex of extra individuals (F
¢ Age of extra individuals (A

Immature, ? = Unknown).

Adult, SA = Subadult, I =

Genetic confirmation that two females

Number of eggs in nest suggested both females laid and thus may have copulated with the male, G =

Yes, ? = Unknown, E =

dCopulations observed with extra individuals (Y

laid in a single nest).

KmBALL, PARKER, AND BEDNARZ

Yes, ? = Unknown).

¢Helping observed by extra individuals (Y
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has already been suggested (e.g. Buteo albonatus;
Wilson et al. 1993), but not yet confirmed. Those
factors combined suggest that more instances of
cooperative breeding are likely to be detected
among diurnal raptors in the future.

At this point, it is possible to draw some con-
clusions with the available data. First, coopera-
tive breeding is widespread within the diurnal
raptors, occurring in 22 of 76 genera (29%) and
42 of 304 species (14%). Cooperative breeders
are found in both the Accipitridae (26% of gen-
era, 13% of species) and the Falconidae (50% of
genera, 19% of species) and are absent only in
the monospecific family Sagittariidae. Second,
cooperative breeding among diurnal raptors is
very diverse. Although group composition has
not been well documented in many species, it
is clear that groups in some species contain re-
productive pairs with immature helpers, others
contain groups with either immature or adult
helpers, whereas still other species have groups
composed entirely of adults, though the sex of
the extra adults is usually male in some taxa and
female in others (Table 1).

Compared to published estimates, the inci-
dence of cooperative breeding among diurnal
raptors is high. Arnold and Owens (1998)
reviewed all known cooperatively breeding
birds, including those species where coopera-
tive breeding had only been observed once or
a small number of times (cf. Table 1) and con-
cluded that 3.2% of species exhibit the behavior.
Using a binomial test, the observed levels of
cooperative breeding within the diurnal rap-
tors (13% of species) is significantly greater than
the 3.2% that would be expected by chance (P <
0.0001). In addition, of 62 avian families with
cooperative breeders, only 22 contained a great-
er proportion of cooperatively breeding species
than did the Accipitridae and the Falconidae
(Arnold and Owens 1998).

For most species in Table 1, the number of
observations is quite low. For some of those
species, such as the well-studied Red-tailed
Hawk, the low incidence of cooperative breed-
ing (Table 1) is likely to be representative of the
species. However, in less well-studied species
the incidence of cooperative breeding could
be much higher than indicated by our review.
Because observations on many species are
limited, we will focus on 10 species (Table 2)
where sufficient data exist to provide some un-
derstanding of the dynamics of the breeding
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TABLE 2. Species which regularly breed cooperatively; data from Cramp and Simmons (1980); del Hoya et al.

(1992); and references from Table 1.

Species Food taken Foraging mode  Social foragingz  Migratory? Distribution®
Extra birds primarily adult males
Buteo poecilochrous ~ insects, sm. verts ground ? ?  Tropical, high altitude
Buteo galapagoensis generalists ground ? N Tropical, island
Gypaetus barbatus bones ground ? N Temperate/Tropical
Haliaeetus vociferoides ~ fish, sm. verts ~ ground/water pairs N Tropical, island
Melierax canorus rodents ground Y N Temperate/Tropical
Nephron percnopterus generalist ground ? N,Y  Temperate/Tropical
Parabuteo unicinctus med. verts. ground Y N Temperate/Tropical
Extra birds immatures
Falco columbarius sm. birds, bats aerial pairs Y Temperate
Falco peregrinus birds, mammals aerial pairs N,Y Temperate/Tropical
Ictinia mississippiensis insects aerial Y Y Temperate

2Y = yes; N = no; ? = unknown.
b The climate underlined indicates where cooperative breeding occurs.

system. Those include species in which there
are multiple observations and at least 5% of one
population exhibits cooperative breeding, or
those situations where a relatively large number
of observations exist but the frequency of coop-
erative breeding could not be ascertained. We
have excluded taxa that may frequently breed
cooperatively, but for which we have very lim-
ited data on group composition and dynamics
(e.g. Ibycter americanus; Skutch 1959).

Species where cooperative breeding occurs
regularly are found in both Accipitridae and
Falconidae and exhibit diversity in group com-
position (Table 2). The majority of those species
consist of groups in which the extra birds are
primarily adult males. In some cases, the sex of
all group members could not be determined,
though extra birds were male whenever group
composition could be determined. Three spe-
cies (Haliaeetus wvociferoides, Melierax canorus,
and Parabuteo unicinctus) appear to exhibit both
cooperative polyandry and typical cooperative
breeding, having groups that contain male co-
breeders (on the basis of observations of copu-
lations among presumably unrelated adults,
DNA analyses, or both), immature individuals
that have delayed dispersal (on the basis of
banding data), or both (Bednarz 1995, Malan et
al. 1997, Watson et al. 1999, Tingay et al. 2002).
In Buteo galapagoensis, groups are polyandrous,
with all adult males in the group copulating
with the female. In that species, different males
may sire offspring within and between years
(Faaborg et al. 1995). Cooperative polyandry is
also likely in Gypaetus barbatus, where copula-

tions between the female and both males in a
group were observed in all trios (Fasce et al.
1989, Heredia and Dondazar 1990, Bertran and
Margalida 2002). Observations in the remain-
ing two species, Neophron percnopterus and B.
poecilochrous, indicate cooperative polyandry
(Tella 1993; Tj. deVries pers. comm).

Three species show a different pattern: ad-
ditional group members are immature helpers,
though the sex of the helper differs among taxa.
In Falco columbarius, when the gender of extra
birds could be determined, they were male;
whereas in F. peregrinus, extra birds were fe-
male. In Ictinia mississippiensis, the sex of helpers
is unknown. The genetic relationship between
immature helpers and adults in the group are
unknown for those species. In F. columbarius,
copulations between the immature helper and
the adult female have been observed regu-
larly (James and Oliphant 1986, Sodhi 1991),
though those copulations rarely, if ever, result
in offspring (Warkentin et al. 1994). Assuming
copulations are avoided among close relatives
(e.g. Emlen 1995), those immature helpers are
probably unrelated to the adults in their group.
Species with immature-only helpers are pri-
marily migratory or wander extensively after
attaining independence (F. peregrinus; Cramp
and Simmons 1980) whereas other cooperative
breeding species are largely nonmigratory.
Because immature individuals and adults
migrate independently (Mueller et al. 2000),
migratory species may be less likely to maintain
family units, and that may explain some of the
differences in the composition of groups among
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raptor species. However, both male and female
F. peregrinus are philopatric (Ambrose and
Riddle 1988, Newton and Mearns 1988), and it
is possible that yearling females return to help
in their natal territory in that species.

The observation that helpers are immature
individuals in those three species suggests that
the helping relationship does not exceed two
years (adult plumage is attained during the
second prebasic molt in those species), because
longer associations would be expected to result
in groups containing a breeding pair and either
immature or adult helpers. In contrast, obser-
vations among species with adult helpers or
cobreeders indicate that groups may be stable
over longer periods (e.g. Faaborg 1986, Faaborg
and Bednarz 1990, Bednarz 1995, Faaborg et al.
1995), even in those species that primarily breed
in monogamous pairs (e.g. Nye 1994, Garcelon
et al. 1995). The hypothesized shorter term rela-
tionship in species with immature-only helpers
suggests that the dynamics in those species may
be different than cooperatively breeding diur-
nal raptors with adult-plumaged extra birds.

One other pattern that occurs regularly in a
very small proportion of nests is laying by mul-
tiple females into one nest (Table 1). All of those
species—Accipiter nisus, Circus cyaneus and Falco
naumanni—are regularly polygynous (Newton
1986, Korpimaki 1988, Simmons 2000), with
females typically laying in separate, widely dis-
tributed nests. Although those species are territo-
rial and female—female aggression is thought to
be important in separating the nests of polygy-
nous females (e.g. Newton 1986), it is clear that
females will tolerate joint-nesting in some cases.

EvoLuTION AND MAINTENANCE OF COOPERATIVE
BREEDING IN DIURNAL RAPTORS

There have been many hypotheses to explain
the evolution of cooperative breeding. In particu-
lar, researchers have focused on ecological con-
straints that inhibit dispersal or lead to greater
benefits for individuals that delay dispersal.
Diurnal raptors appear to be relatively unique
in that, although the data reviewed here indi-
cate a relatively high frequency of cooperative
breeding, there is only one species yet identi-
fied in which groups commonly form through
delayed dispersal of offspring (Parabuteo unicinc-
tus; Dawson and Mannan 1991, Bednarz 1995).
Even in species in which some offspring delay
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dispersal, unrelated same-sex adults are also
found in groups. Therefore, factors that have led
to the evolution and maintenance of cooperative
breeding in many or all diurnal raptor species
are likely independent of delayed dispersal

For both the evolution and maintenance of
cooperative breeding in diurnal raptors, indi-
vidual group members, on average, should ben-
efit by breeding and living in groups, even for
those group members that must forgo or share
reproduction within the group. There are sever-
al factors that may favor cooperative breeding in
raptors that are independent of delayed disper-
sal. Those include (1) patchy resources within or
between years (Newton 1979, Parker and Ports
1982, Heredia and Donazar 1990, Faaborg and
Bednarz 1990); (2) a limited number of suitable
territories, so territory acquisition and defense
is likely to favor groups (Faaborg 1986, Fasce et
al. 1989, Faaborg and Bednarz 1990, Tella 1993,
Garcelon et al. 1995, Malan and Jenkins 1996);
(3) group hunting or foraging (Bednarz 1988,
1995; Malan 1998); (4) lack of mates leading to
mate sharing or unmated helpers (Parker and
Ports 1982); (5) low reproductive success in
pairs (Bergo 1988); (6) increased survivorship
in groups (Faaborg et al. 1980, Faaborg and
Bednarz 1990); and (7) thermoregulation (del
Hoya et al. 1992). Those benefits are not mutu-
ally exclusive, and it is likely that some species
may gain multiple benefits in at least some
years. In addition, the benefits may differ over
time, and there may be certain times or condi-
tions during which groups may not be ben-
eficial (e.g. Faaborg and Bednarz 1990), though
they may persist because of increased benefits
obtained during other periods. Unfortunately,
even in species where cooperative breeding has
been well studied, few quantitative data have
been collected that would allow discrimination
among the proposed benefits.

Interestingly, some of the benefits that have
been suggested as important to raptors have
also been suggested as important in many
typical cooperative breeding species (e.g. Emlen
1982, Koenig et al. 1992). If the conditions that
have led to cooperative breeding among diur-
nal raptors are the same as those in many other
avian lineages, and offspring that have delayed
dispersal do occur in some raptor species (e.g.
Parabuteo unicinctus, Melierax canorus, and
Haliaeetus vociferoides), that raises the question
as to why cooperative groups among diurnal
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raptors are more likely to be composed of un-
related individuals than related offspring that
have delayed dispersal.

Differences in group composition between
diurnal raptors and other cooperative breed-
ing species may be due to a combination of
evolutionary history, ecology, and life history
that may differ among species. If the benefits of
group living occur prior to successful reproduc-
tion, which might occur if groups were neces-
sary for the acquisition of breeding territories
or for thermoregulation, coalitions of unrelated
individuals may be favored by selection. For ex-
ample, in Buteo galapagoensis, groups have been
suggested to be necessary for territory acquisi-
tion (Faaborg and Bednarz 1990). Recent obser-
vations in that species indicate that new males
occasionally join pre-existing groups (Donaghy
Cannon 2001), which suggests that at least some
benefits may be independent of group-territory
acquisition. Alternatively, because adult help-
ers occur in a large number of species, there
may be advantages to adult, rather than im-
mature, group members. Because raptor prey
may often be costly to obtain and deliver, expe-
rienced adults may provide a greater benefit to
a group than immature helpers, and that could
have favored groups formed from coalitions of
unrelated individuals over those formed from
delayed dispersal. After there has been selection
for groups, other factors may determine group
composition. Delayed dispersal may have
evolved secondarily in species where increas-
ing or maintaining group sizes is beneficial,
survivorship of dispersing immature helpers is
low, or there is relatively little parent-offspring
conflict, (e.g. Kokko and Lundberg 2001, Kokko
et al. 2001).

CONCLUSION

Cooperative breeding has been examined
in detail in only a few diurnal raptors. Future
studies of raptors, including studies that are not
focused on behavior, should be careful to docu-
ment trios and larger groups. When groups are
observed, it will be critical to document the age
and sex of group members as well as other rel-
evant information. Studies that include marked
individuals or use genetic methods to examine
relatedness will be particularly important to
our understanding of cooperative breeding in
raptors. The development of models to explain
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the evolution of group living and cooperative
breeding independently of delayed dispersal
are also likely to provide critical information,
particularly when combined with studies de-
signed to test alternative models. Collectively,
those additional data and models should es-
tablish whether cooperative breeding among
raptors truly differs from the behavior exhib-
ited by other groups of cooperative breeders, as
this initial survey suggests. That research may
also establish whether benefits from group liv-
ing, rather than delayed dispersal, explain the
evolution of cooperative breeding among some
nonraptor species as well.
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