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ABSTRACT.—We compared the invertebrate component of the diet of breeding and nonbreeding northern
Crested Caracaras (Caracara cheriway) during the breeding season, January through April, in Florida, using
pellet analysis. Pellets from breeding adults were collected at active nests and pellets of nonbreeding
caracaras were collected from beneath a communal roost. During the breeding season, breeding and
nonbreeding caracaras consumed invertebrate prey from a minimum of 61 genera and a total of 33 families
from eight orders. Nonbreeding caracaras consumed greater total numbers of invertebrates, more different
prey types, and a greater diversity of invertebrates than did breeding caracaras. Pellets of nonbreeding
caracaras contained more invertebrates per pellet, and carrion insects occurred more frequently in pellets
of nonbreeding caracaras. Our findings suggest hypotheses regarding the possible role of intraspecific
competition in the use of particular habitats and food resources by breeding and nonbreeding caracaras
in Florida. Breeding pairs of caracaras are highly territorial and primarily feed nestlings larger-sized verte-
brate prey, and field observations indicated that territorial adults can exclude young (nonbreeding) birds
from their breeding areas; thus, diet differences may reflect social structure within this population. If pairs
of breeding adults exclude conspecifics from important food resources or foraging habitats, nonbreeders
may hunt arthropods or rely on carrion by necessity, especially if nonbreeders occur in suboptimal habitat
in which other prey are less available.

KEY WORDS: Crested Caracara; Caracara cheriway; communal roost; diet breadth; Florida; foraging; invertebrate;
pellet analysis; territoriality.

DIETA DE INVERTEBRADOS DE INDIVIDUOS REPRODUCTIVOS Y NO REPRODUCTIVOS DE CARA-
CARA CHERIWAY EN FLORIDA

RESUMEN.—Mediante el análisis de egagrópilas comparamos el componente de invertebrados en la dieta de
individuos reproductivos y no reproductivos de Caracara cheriway de poblaciones norteñas de Florida,
durante la época reproductiva, desde enero a abril. Colectamos egagrópilas de adultos reproductivos en
nidos activos y egagrópilas de individuos no reproductivos debajo de un sitio comunitario de reposo.
Durante la estación reproductiva, los individuos reproductivos y no reproductivos consumieron presas
de invertebrados de un mı́nimo de 61 géneros y un total de 33 familias pertenecientes a ocho órdenes.
Los individuos no reproductivos consumieron mayores números totales de invertebrados, más tipos dife-
rentes de presas y una mayor diversidad de invertebrados que los individuos reproductivos. Las egagrópilas
de los individuos no reproductivos contuvieron más invertebrados por egagrópila y presentaron insectos
carroñeros con mayor frecuencia. Nuestros resultados plantean la hipótesis del posible papel de la compe-
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tencia intraespecı́fica en el uso de ambientes particulares y de recursos alimenticios por parte de individuos
reproductivos y no reproductivos en Florida. Las parejas reproductivas de C. cheriway son muy territoriales y
alimentan a los pichones principalmente con vertebrados de mayor tamaño. Las observaciones de campo
indicaron además que los adultos territoriales pueden excluir a aves juveniles (no reproductivas) de sus
áreas de crı́a; por ende, las diferencias en la dieta pueden reflejar la estructura social en esta población. Si
las parejas de adultos reproductivos impiden a aves coespecı́ficas el acceso a recursos alimenticios impor-
tantes y a ambientes de forrajeo, los individuos no reproductivos podrı́an estar cazando artrópodos o
utilizando carroña por necesidad, especialmente si estos últimos se encuentran en ambientes subóptimos
donde otras presas son menos disponibles.

[Traducción del equipo editorial]

Studies of avian diet can provide information
about a species’ foraging ecology (e.g., ecological
relationships between a species, its prey, and its hab-
itats). Diet composition may be influenced by prey
availability and breeding or social status of the pred-
ator (Goss-Custard and Durrell 1983, Hogstad 1991,
Sol et al. 2000), and identification of prey types can
aid in making inferences about habitats used for
foraging. Within a species, feeding behavior may
vary by sex, age, habitat, and season (Peters and
Grubb 1983, Beeston et al. 2005), with important
consequences for population structure. Particularly
while breeding, adults may adjust their foraging be-
havior, habitat, or prey selection to compensate for
the increased daily energetic requirements of repro-
duction (Newton 1979, Barrows 1987).

The northern Crested Caracara (Caracara cheriway)
is a dietary opportunist that feeds on carrion and a
variety of live prey, including insects (Richmond
1976, Layne et al. 1977, Whitacre et al. 1982, Morri-
son et al. 2007). This unique member of the falcon
family inhabits the southern United States and parts
of Mexico and Central and South America (Morrison
1996, Dove and Banks 1999). Although studies have
quantified aspects of the breeding-season diet of this
raptor (Rodrı́guez-Estrella and Rivera-Rodrı́guez
1997, Morrison and Pias 2006) and its congener,
the Southern Caracara (C. plancus, Travaini et al.
2001), little comparative information, for example,
among seasons, age classes, or between sexes, is avail-
able. Vargas et al. (2007) reported on diet through-
out the annual cycle of the Southern Caracara in
Argentina, but data represented pellets collected
from only five breeding pairs. Morrison et al.
(2007) reported a wide variety of insects and spiders
in pellets collected at a roost of nonbreeding north-
ern Crested Caracaras in Florida but focused on the
birds’ exposure to noxious chemicals as a result of
this ingestion. In this study, we investigate the forag-
ing ecology of breeding and nonbreeding northern
Crested Caracaras, hereafter ‘caracara,’ during the

breeding season in Florida by comparing the inver-
tebrate diet of these two groups.

METHODS

We studied the diet of caracaras throughout their
breeding range in south-central Florida where this
species occurs as an isolated population and is
threatened by widespread habitat loss (Morrison
and Humphrey 2001). The landscape in this region
is a mosaic of habitats that reflects complex patterns
of land ownership and uses; principal land uses on
private lands include cattle grazing, citrus, sugar
cane, and other agricultural production. Lands in
public ownership are managed primarily as natural
habitats to support native plant and animal commu-
nities (Morrison and Humphrey 2001). Caracaras
breed throughout this region, nesting and foraging
primarily in pasture and other grassland habitats
containing seasonally flooded wetlands and ditches
(Morrison and Humphrey 2001). Nonbreeding ca-
racaras range widely in south-central Florida and
exploit similar habitats for foraging and roosting.
Large communal roosts containing over 100 caraca-
ras of all ages have been recorded (J. Dwyer and J.
Morrison unpubl. data). Caracaras in Florida con-
sume a wide variety of live prey, and over half of all
vertebrate prey items identified at active nests rep-
resented species that use wetlands during all or part
of their life history (Morrison and Pias 2006). Car-
rion composes approximately 33% of the diet of
nesting caracaras in Florida (Morrison and Pias
2006).

To assess the invertebrate component of the diet
of breeding and nonbreeding caracaras, we used
pellet analysis (Marti 1987). We collected pellets at
active nests throughout the species’ currently
known breeding range in Florida (Morrison and
Pias 2006). For comparisons we selected 120 pellets
that represented the diet of breeding adults at 52
different breeding areas and were approximately
evenly distributed across January through April
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1994 through 1997. We believe these pellets repre-
sented the diet of breeding adults because during
these months, the peak of the caracara’s nesting
season in Florida, most nests contained eggs or
small nestlings. During the caracara’s nesting sea-
son, prey fed to nestlings consisted primarily of larg-
er vertebrate prey, not invertebrates (Travaini et al.
2001, Morrison and Pias 2006).

We collected pellets monthly during January
through April 1999 from underneath a communal
roost at the MacArthur Agro-Ecology Research Cen-
ter (MAERC, 27u109N, 81u129W), a division of Arch-
bold Biological Station, near Lake Placid, FL. The
roost was a group of .10 cabbage palms located in
an actively grazed pasture. The majority of caracaras
at communal roosts are young birds (age 1–3 yr)
and most likely are nonbreeders ( J. Dwyer unpubl.
data). We observed only caracaras at this roost, so
we assumed pellets collected at the roost represent
the diet of an unknown number of nonbreeding
caracaras during this period. For diet comparisons,
we used 25 pellets sampled randomly from each
larger monthly collection, totalling 100 pellets.

Pellets remained frozen after collection until they
were analyzed; broken or degraded pellets were ex-
cluded from analysis. Pellets were air dried then
dissected, and all diagnostic invertebrate pieces
(heads, elytra, pronotum, and chelicerae) were col-
lected. We identified each invertebrate prey type to
the finest taxonomic level possible using the refer-
ence collection at Archbold Biological Station and
other guides (Dillon and Dillon 1972, White 1983,
Bug Guide 2007). The number of individuals of
each prey type in each pellet was determined by
counting the lowest number of possible individuals
from the identified pieces. For example, three
heads, two pronota, and four elytra of the same
invertebrate type would be counted as three individ-
uals. To describe the matrix material of each pellet,
we spread the remaining portions of the pellet even-
ly on a gridded surface and visually estimated per-
cent plant material using six categories (0–5%,
5–25%, 25–50%, 50–75%, 75–95%, and 95–100%);
category midpoints were used for analyses accord-
ing to Daubenmire (1959). We compared mean
numbers of invertebrates in pellets containing up
to 25% plant material and in pellets containing
75–100% plant material, for nonbreeders and
breeders, separately, using t-tests.

To facilitate diet comparisons, we expressed results
for each prey type as percentage of total invertebrate
prey and frequency of occurrence within the total

number of pellets. We calculated Levins’ diversity
index (Levins 1968) at both the family and genus
level as FNB 5 1/Spi

2, where pi is the proportion
of each prey type i in the sample. We also calculated
a standardized Levins’ index following Colwell and
Futuyma (1971) as FNBst 5 (FNB 2 1)/(n 2 1)
where n is the total number of prey types consumed.
This index allows comparisons among samples with
different numbers of prey types; values approaching
one indicate relatively more equitable use of prey
(Colwell and Futuyma 1971). Finally, we compared
diet similarity at the family and genus level between
breeding and nonbreeding caracaras using Pianka’s
overlap index (Pianka 1973, Marti 1987):

O ~
P

pijpik

. ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiP
p2

ijp
2
ik

q
where pij and pik are the

proportions of the taxon i for either breeders ( j)

or nonbreeders (k), respectively. Values of O range
from 0 with no overlap, to 1 for complete overlap.

RESULTS

During January–April in Florida, breeding and
nonbreeding caracaras consumed invertebrate prey
from a minimum of 61 genera and a total of 33 fam-
ilies from eight orders, primarily Coleoptera (Appen-
dix). These invertebrates derive from four general
ecological niches: dung, terrestrial (grassland or
woodland), carrion, and aquatic (Morrison et al.
2007). Diet of breeders and nonbreeders overlapped
more strongly at the family level (70%) than at the
genus level (52%). Nonbreeding caracaras con-
sumed greater total numbers of invertebrates, more
different prey types, and a greater diversity of inver-
tebrates at the genus level than breeding caracaras
(Table 1). Pellets of nonbreeding caracaras con-
tained more invertebrates per pellet (t 5 21.64, P
5 0.05) and proportionally more Coleoptera (Z 5

10.56, P , 0.01), primarily of the families Scarabaei-
dae, Carabidae, and Curculionidae, than pellets of
breeding caracaras (Table 1). Carrion insects com-
posed a larger percentage of the overall invertebrate
prey consumed by breeding caracaras (Z 5 8.55, P ,

0.01), primarily because a few pellets contained large
numbers of carrion beetles, mostly belonging to the
family Silphidae. Carrion insects occurred more fre-
quently in pellets of nonbreeding caracaras (Z 5

3.46, P , 0.01, Fig. 1). Terrestrial (Z 5 2.30, P ,

0.01) and dung (Z 5 2.38, P , 0.01) invertebrates
also occurred more frequently in pellets of non-
breeding caracaras (Fig. 1). All pellets contained
the heads of countless numbers of fire ants (Solenopsis
invicta); these were not included in analyses.
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Over 75% of all pellets had matrix material con-
taining .25% plant material, primarily pieces of
grass. In addition to containing more invertebrates
per pellet, pellets of nonbreeders also contained
higher percentages of plant material, overall, than
pellets from breeders. Pellets containing 75–100%
plants in the matrix material contained more inver-
tebrates than pellets with 0–25% plant material
(breeders: 11.74 6 4.58 vs. 5.51 6 1.54 invertebrates

per pellet, t 5 21.29, P 5 0.20; nonbreeders: 12.46
6 1.11 vs. 9.08 6 1.57 invertebrates per pellet, t 5

21.76, P 5 0.08, Fig. 2).

DISCUSSION

During January through April in Florida, non-
breeding caracaras apparently consume a greater
diversity and larger numbers of invertebrates, par-
ticularly from grassland habitats and carrion, than
breeding caracaras, suggesting differential use of
food resources or habitats during the breeding sea-
son by these groups. Travaini et al. (2001) reported
that nonbreeding Southern Caracaras (C. plancus)
during the breeding season in northwest Patagonia
fed mostly on arthropods and carrion and generally
consumed more arthropods than breeding adults.
They attributed this difference to intraspecific com-
petition in which immature birds are displaced to
less-profitable prey by adult breeding birds (Tra-
vaini et al. 1998, 2001).

Several mechanisms have been proposed to ex-
plain differences in prey choice, feeding strategies,
and feeding locations used by different individuals
within a population, and these mechanisms, acting
singly or together, may influence social structure
(Partridge and Green 1985). First, food resources
may be distributed in patches throughout the envi-
ronment where different feeding strategies are ap-

Figure 1. Invertebrates from all ecological niches occurred more frequently in pellets of nonbreeding caracaras (Ca-
racara cheriway) in Florida, during the breeding season, January through April.

Table 1. Nonbreeding caracaras (Caracara cheriway)
consumed more and a greater breadth of invertebrate
prey than breeding caracaras during the breeding
season, January through April, in Florida.

MEASURE OF DIET

BREEDING

CARACARAS

NONBREEDING

CARACARAS

Number of pellets 120 100
Number of families 24 28
Number of genera 49 64
Family FNBst 0.22 0.15
Genus FNBst 0.17 0.24
Total invertebrate prey

items
929 1073

Proportion Coleoptera 0.65 0.85
Mean number of

invertebrates/pellet (6SE)
7.7 6 1.7 10.73 6 0.77

Total prey types 58 77
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propriate. Individuals within a population typically
distribute themselves according to differences in
habitat quality, with younger or subordinate individ-
uals occupying poorer habitat (Fretwell and Lucas
1970). Second, use of different habitats and prey
choice may reflect differences in individual pheno-
types, for example, age or sex. Young animals typi-
cally differ from adults in their feeding skills and
may have different nutritional requirements from
adults (Davies and Green 1976, Greig et al. 1983).
Finally, behavior of an individual may depend on
behavior of other individuals. Younger birds are of-
ten poorer competitors and may be actively exclud-
ed from the best habitats or more-profitable prey by
adult breeding birds (Goss-Custard and Durrell
1983, Wallace and Temple 1987, Sol et al. 2000).
Particularly in territorial species and at high popu-
lation densities, occupancy of poor feeding areas
may increase as individuals of low competitive ability
are forced out of the better areas (Ens and Goss-
Custard 1984).

In Florida, breeding pairs of northern Crested
Caracaras nest primarily in pasture and grasslands
interspersed with wetlands and some agriculture
and are highly territorial (Morrison and Humphrey
2001). As with other raptors, breeding adult caraca-

ras primarily feed nestlings larger-sized vertebrate
prey (Morrison and Pias 2006), thus reducing ener-
getic expenditure necessary to feed nestlings (Ru-
dolph 1982, Masman et al. 1986). Fewer inverte-
brates in the adults’ breeding season diet may
reflect reduced reliance by adults on arthropods
or differential use of habitats during this period as
they focus on larger prey.

Nonbreeding caracaras typically occur year-round
in groups, at much higher densities than breeding
pairs. Apparent differences in the invertebrate com-
ponent of the diet of breeding and nonbreeding
caracaras may be simply due to the fact that non-
breeders do not have the higher energy require-
ments of reproduction, and, therefore, do not need
to be as selective in prey choice. Alternatively, inges-
tion of more invertebrates by nonbreeders may be a
consequence of competition for more profitable
food resources as suggested by Travaini et al.
(2001). Field observations in Florida indicate that
territorial adults can exclude young birds from their
breeding areas ( J. Dwyer unpubl. data) and thus,
presumably, from favored foraging habitats. Morri-
son and Pias (2006) indicated the importance of
wetland habitats to breeding pairs of caracaras
based on large numbers of wetland-dependent prey

Figure 2. Pellets from both breeding and nonbreeding caracaras that contained more plant material generally also
contained more invertebrates. Number of pellets in each category is shown above each bar.
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delivered to nestlings. If pairs of breeding adults
exclude conspecifics from important food resources
or foraging habitats, diet differences may reflect so-
cial structure within this population. Nonbreeders
may hunt arthropods or rely on carrion by necessity,
especially if flocks of nonbreeders occur in subopti-
mal habitat in which other prey are less abundant or
available. Rizzo et al. (1993) and Itämies and Korpi-
mäki (1987) found that insects became important
in the diet of kestrels (Falco tinnunculus) only in
poor prey years or when typical prey, i.e., small
mammals, were less available.

Although our analysis did not allow for evaluating
diet differences among years for breeding pairs, sim-
ilarity in the relative frequencies of invertebrates
from different ecological niches both in the pellets
and in the overall diet of breeding pairs suggested
that any differences would be minimal. Most inverte-
brates in pellets of breeders and nonbreeders repre-
sented dung and terrestrial (grassland and pasture)
habitats, and aquatic insects were rarely present
(Fig. 1), suggesting caracaras obtained invertebrate
prey mostly in grasslands, not wetlands. Because
grassland and pasture habitats receive heavy and reg-
ular management annually (grazing, mowing, burn-
ing), these habitats may vary less among years than
do wetlands, which undergo seasonal changes in wa-
ter levels. Thus, we would not expect interannual
variation among wetlands to be reflected in the cara-
cara’s diet as indicated by pellets.

Plant material in pellets has been reported for
Turkey Vultures (Cathartes aura; Paterson 1984,
Coleman and Fraser 1987), Cinereous Vultures
(Aegypius monachus; Hiraldo 1976), and California
Condors (Gymnogyps californianus; Koford 1966) al-
though little explanation has been given. While
small amounts of plant material in pellets might
be attributable to accidental ingestion, pellets com-
posed of .50% vegetation suggest that the plants
may have a specific function, perhaps in the pellet
egestion process. Plant material may serve to facili-
tate regurgitation of nondigestible animal parts
(Hiraldo 1976) or may assuage effects of toxic sub-
stances ingested with some of the arthropods con-
sumed (Morrison et al. 2007). Our discovery that,
overall, pellets of nonbreeders contained more
plant material and more invertebrates per pellet
may lend support to the latter hypothesis.

Our findings suggest hypotheses regarding the
possible role of intraspecific competition in the
use of particular habitats and food resources by
breeding and nonbreeding caracaras in Florida

and on the role of plants in the caracara’s diet.
However, these hypotheses require further testing.
Future studies should focus on feeding behaviors
and use of resources by these different age groups
both during and outside the breeding season. Con-
servation directives for Florida’s caracaras currently
focus on protecting nest sites and foraging habitat
within breeding areas. If nonbreeding individuals
require additional foraging areas, identification
and inclusion of these sites will also be important
for development of recovery plans for this popula-
tion. Finally, it would be interesting to know the
importance of arthropods and other invertebrates
in the diet of both the Crested Caracara and South-
ern Caracara throughout their respective ranges, for
all age groups and during all seasons.

ACKNOWLEDGMENTS

We thank L. Wang and S. Sullivan for assistance with
pellet dissection. The manuscript was improved by com-
ments from J. Dwyer, J. Donázar, and an anonymous re-
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