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ABSTRACT. Despite its wide range and abundance on certain habitats, the crab-eating raccoon Procyon cancrivorus (G. Cuvier, 1798) is considered
one of the less known Neotropical carnivore species. In the present study we analyzed the diet of P. cancrivorus in a peat forest and in an estuarine
island in southernmost Brazil. Fruits of the geriva palm tree Syagrus romanzoffiana were the most consumed item in the peat forest, followed by
insects and mollusks. Small mammals, followed by Bromelia antiacantha (Bromeliaceae) fruits and brachyuran crustaceans were the most frequent
items in the estuarine island. Other items found in lower frequencies were Solanum sp., Psidium sp., Smilax sp. and Dyospiros sp. fruits, diplopods,
scorpions, fishes, anuran amphibians, reptiles (black tegu lizard and snakes), birds and medium-sized mammals (white-eared opossum, armadillo
and coypu). Levin’s index values (peat forest: 0.38; estuarine island: 0.45) indicate an approximation to a median position between a specialist and
awell distributed diet. Pianka’s index (0.80) showed a considerable diet similarity between the two systems. Procyon cancrivorus presented a varied
diet in the studied areas and may play an important role as seed disperser on coastal environments in southernmost Brazil.

KEYWORDS. Bromelia antiacantha, crab-eating racoon, feeding habits, subtropical Brazil, Syagrus romanzoffiana.

RESUMO. Dieta de Procyon cancrivorus (Carnivora, Procyonidae) em ambientes de restinga e estuarino no Sul do Brasil. Apesar de sua ampla
distribuicdo e abundancia em determinados habitats, 0 mao-pelada Procyon cancrivorus (G. Cuvier, 1798) é considerado uma das menos conhecidas
espécies de carnivoro Neotropical. No presente estudo analisamos a dieta de P. cancrivorus em uma mata paludosa e uma ilha estuarina no extremo sul
do Brasil. Frutos da palmeira geriva Syagrus romanzoffiana foi o item mais consumido na mata paludosa, seguido por insetos e moluscos. Pequenos
mamiferos, sequidos por frutos de Bromelia antiacantha (Bromeliaceae) e crustaceos braquidros foram os itens mais frequentes na ilha estuarina.
Outros itens encontrados em menor frequéncia foram frutos de Solanum sp., Psidium sp., Smilax sp. and Dyospiros sp., diplépodos, escorpides, peixes,
anfibios anuros, répteis (teid e serpentes), aves e mamiferos de médio porte (gambéa-da-orelha-branca, tatu e ratdo-do-banhado). Os valores do indice
de Levin (mata paludosa: 0.38; ilha estuarina: 0.45) indicam uma aproximagéo a uma posicédo mediana entre uma dieta especialista e bem distribuida.
O indice de Pianka (0.80) mostrou uma consideravel similaridade na dieta entre os dois sistemas. Procyon cancrivorus apresentou uma dieta variada
nas areas estudadas e pode desempenhar um importante papel como dispersor de sementes em ecossistemas costeiros no extremo sul do Brasil.

PALAVRAS-CHAVE. Bromelia antiacantha, méo-pelada, hébitos alimentares, Brasil subtropical, Syagrus romanzoffiana.

The crab-eating raccoon Procyon cancrivorus
(G. Cuvier, 1798) is a medium sized procyonid widely
distributed in the Neotropics, ranging from Costa Rica
and Panama to Uruguay, northeastern Argentina and Brazil
(CHema etal., 2011). It is a habitant of forest environments
and open areas generally associated to limnic systems and
oceanic shores (GonzALEz & LaNFRANCO, 2010; CHEIDA et
al., 2011).

Procyon cancrivorus is considered one of the less
studied Neotropical carnivores (Morato et al., 2004;
Cuema etal., 2011). A few studies on the species diet were
conducted in Venezuela (BisBaL, 1986) and in restinga and
Atlantic Forest areas of southeastern (Garr et al., 2006)
and southern Brazil (Santos & HaARTZ, 1999; MARTINELLLI
& Vorr, 2010; PELLanDA et al., 2010; Acuiar etal., 2011).
These investigations indicated that P. cancrivorus is a
frugivorous-omnivorous species (Pacria et al., 2012),
with opportunistic feeding habits.

The restinga formations comprehend vegetal
communities of sandy coastal areas and its physical
elements (WaECHTER, 1985). In southern Brazil, these

typical environments range from southern state of Santa
Catarina to southernmost Rio Grande do Sul (WAECHTER,
1985; Araujo, 1992). Most part of these areas are composed
by Quaternary sedimentary basins, while some rocky
outcrops from Pre-Cambrian to Jurassic are still present
(WAECHTER, 1985). In southern Rio Grande do Sul, the
emerged segment of Quaternary sandy deposits is disrupted
by the mouth of Patos lagoon estuary. This estuarine zone is
characterized by a high biodiversity and biomass, resulted
partly due to the input and mixing of alluvial and marine
nutrients (SEELIGER, 2010).

A compilation of mammalian records in Rio Grande
do Sul forest and open restinga environments (FABIAN et
al., 2011) indicates the occurrence of 75 species, including
13 mesocarnivores. Mesocarnivores (< 15 kilograms) are
apex predator in many environments and may play essential
role in herbivores population control (Roemer et al., 2009)
and seed dispersal (Garri et al., 2006).The present study
investigated the diet of the mesocarnivore P. cancrivorus
in restinga and estuarine environments in southern state of
Rio Grande do Sul. We added new data to the knowledge
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on the species trophic ecology in coastal environments,
through the sampling of a region never ever studied and the
utilization of new indexes indicators of trophic tendencies.

MATERIAL AND METHODS

Study area. We conducted the study in the
municipality of Rio Grande, located in the southern coastal
plain of state of Rio Grande do Sul, southern Brazil. The
climate in the region is classified as Cfa of Koppen, with
temperatures varying from 9.5°C (minimum average) to
27.2°C (maximum average). The monthly precipitation
average is 104 mm and the rainiest months are July, August
and September, when precipitation average can reach 143
mm (VIERa, 1983).

Restinga forests represent typical vegetal
communities in Rio Grande do Sul coastal plain, comprising
formations such as peat and sandy forests. Restinga peat
forests are characterized by the presence of water bodies
permanently or periodically flooded by rainfall, without
well-defined edges and with muddy soil (WAECHTER, 1985),
while restinga sandy forests comprise arboreal formations
developed over sandy substrate (ScHerer et al., 2005).Scat
samples of P. cancrivorus were collected in two distinct
restinga formations. One of them is a restinga peat forest
fragment, locally known as “Mata da Estrada Velha”
(32°07’S; 52°09°W) (Fig. 1). The vegetation is composed
mainly by arboreal species [Erytrina crista-galli L., Syagrus
romanzoffiana (Cham.) Glassman, Ficus cestrifolia Schott]
and aquatic macrophytes such as Ranunculus apiifolius
Pers., Hydrocotyle ranunculoides L. F., Centella asiatica
(L.) Urb., Enydra sp., Scirpus spp., Sagittaria montevidensis
Cham. & Schltdl., Senecio bonariensis Hook. & Arn.,
Bromelia anthiacantha Bertol. and Eryngium pandalifolium
Cham. & Schltdl. A regular period of annual flood occurs
from May to November, with a maximum measured water
level of 45 cm (QuinTeLa et al., 2012). The sampling period
ranged from January 2008 to May 2010.

The other sampled area is a saltmarsh and adjacent
restinga sandy forest located in Torotama Island, Patos
Lagoon estuary (32°03’S; 52°13’W) (Fig. 1). Vegetation
on saltmarsh is composed mainly by Spartina alterniflora
Loisel. and Juncus sp. while Ficus sp., Syagrus
romanzoffiana, Myrsine parvifolia DC. and Bromelia
antiacantha are representative species in the sandy forest.
Sampling period for this area lasted from July 2008 to
October 2009. The identification of scats was based on the
presence and analysis of guard hairs and its association
with footprints in the study area. Other carnivores found in
the study area were the crab-eating fox Cerdocyon thous(
Linnaeus, 1766), the Azara’s fox Lycalopex gymnocercus
(G. Fischer, 1814), the Geoffroy’s cat Leopardus geoffroyi
(d’Orbigny & Gervais, 1844) and the river otter Lontra
longicaudis (Olfers, 1818). Procyon cancrivorus guard
hairs differed from C. thous by its longer length (longest
length 56 mm in P. cancrivorus and 46 mm in C. thous)
and higher frequency of bi-banded pattern in samples.

Procyon cancrivorus guard hairs are conspicuously longer
than L. gymnocercus guard hairs (31 mm) and the central
feomelanic band is comparatively much longer. Guard hairs
of L. geoffoyi and L. longicaudis are even shorter (15 mm
and 21 mm, respectively). Lontra longicaudis also did not
show the banded pattern.

Data sampling.The diet composition of P.
cancrivorus was determined based on the identification
of scat remains. Scats were collected during bimonthly
exploratory walks, when latrines and isolated scats were
identified. All the scats found were collected, labeled and
conserved in 70% alcohol solution. Afterwards, scats
were washed through a 1 mm sieve and solid remains
were screened with the aid of a stereoscopic microscope
under a magnification of 20-40x. The consumed taxa
were determined based on identification of remains such
as seeds, fibers, scales, teeth, vertebrae and other bones,
hair, carapaces and other structures which were compared
with specimens stored in animal and vegetal reference
collection of the study areas. Food items were identified
to the lowest possible taxonomic category. The frequency
of occurrence (FO) of each food item was calculated by
the rate of the number of scats containing such item over
the total number of analyzed scats (ErRLINGE, 1968). We
did not find scats in autumn in the estuarine island and
a single sample was found in summer in the peat forest,
which hindered seasonal analysis.

The relative importance (RI) of each food category
(i) (fruits, mollusks, crustaceans, insects, diplopods,
scorpions, fishes, amphibians, reptiles, birds, mammals)
was verified for each system by the rate of FO of such prey
category over the sum of the frequency of occurrence of
all food categories: RI=(FO/> FO)x100. The RI values of
each food category were compared to the mean and the
categories with values over the mean were considered
frequent (QuinTeLA et al., 2012).

The food niche breadth was calculated for each
sampled system. Levins index (Kress, 1999) was used as a
measurement of food niche breadth for all food categories
(fruits, mollusks, insects, diplopods, scorpions, crustaceans,
fishes, amphibians, reptiles, birds, mammals), given as:
B.=(B-1)/(n-1), where B_is the standardized niche breath,
B=1/3 p?2, where p is the frequency of each item in the
total sample and n is the total number of food categories.
The values of B_vary from zero to one. A value close to
one implies in a well-distributed diet (items of distinct
categories consumed in equal proportions) while a value
close to zero implies that items of few categories were
consumed in high proportion and items of most categories
were consumed in low proportion. The hypotheses of
association between the sampled system (peat forest and
estuarine island) and the FO of prey categories were tested
with a Chi-square.

We evaluated diet similarity between the two
sampled areas by using Pianka’s index, O0,=2ppy/ (X
P> 2P, 2", where pi is the frequency of occurrence of
food item i in the diet of systems j and k (P1anka, 1973).
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Fig. 1. Location map of the study area, municipality of Rio Grande, state of Rio Grande do Sul, southern Brazil (1, restinga peat forest; 2, estuarine

island).

Pianka’s index (O) varies between 0O (total separation) and
1 (total overlap).

RESULTS

Atotal of 129 scats containing 34 identified taxa was
found in the restinga peat forest (Tab. 1), seven (20.5%) of
these compassing vegetal items and 27 (79.5%) compassing
animal items. Fruits were the most found item, followed by
insects, mollusks, mammals, reptiles, crustaceans, birds,
amphibians, fishes, diplopods and scorpions (Tab. I; Fig.
2). Fruits, mollusks, insects, reptiles and mammals were
considered frequent items accordingly to RI indexes (Tab.
).

A total of 108 scats containing 25 identified taxa
was found in the estuarine island (Tab. I), five (20%) of
these compassing vegetal items and 20 (80%) compassing
animal items. Mammals were the most found item, followed
by fruits, crustaceans, reptiles, birds, insects, mollusks,
fishes, amphibians and diplopods (Tab. I; Fig. 2). Fruits,
crustaceans, reptiles and mammals were considered
frequent food categories accordingly to RI indexes (Tab. I1).

Values of Levins niche breadth were 0.38 for peat
forest and 0.45 for estuarine island. The Chi-square test
indicated the existence of association between the sampled
system and the frequency of occurrence of food categories
(X?=59.69, p<0.001). Pianka’s diet similarity index between
the two sampled areas was 0.80.

DISCUSSION

The crab-eating raccoon showed a large dietary
spectrum on the studied systems, consuming items which
ranged from fruits and small invertebrates to medium-
sized vertebrates. Values of niche breadth indicated
an intermediate niche between a specialist and a well
distributed dietary pattern. Procyon cancrivorus is classified
as “frugivorous-omnivorous” (PELLANDA et al., 2010; PAGLIA
etal., 2012) and the results herein presented corroborates
to this classification. The Pianka’s index recorded indicated
a considerable similarity on diet between the two studied
systems. However, discrepancies were found on categories
pointed as frequent on each area, as indicated by the Chi-
square test. The differences observed on diet composition
and frequency of occurrence of food categories may be
a reflex of dissimilarities on availability and abundance
of potential food resources in the two distinct systems.
These dietary adaptations indicate opportunistic habits, a
characteristic also pointed by Acuiar et al. (2011).

Considering both studied systems, 35 out of 42
food items identified from P. cancrivorus analyzed scats
corresponded to animal taxa. However, despite of the
relative low representativeness of vegetal items on total
richness, these totaled a high frequency of occurrence. The
geriva palm Syagrus romanzoffiana is a common species in
original arboreal formations of Rio Grande do Sul coastal
plain (RamBo, 1994) and produces fruits during most of
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Fig. 2. Frequency of occurrence of food categories identified in Procyon cancrivorus (G. Cuvier, 1798) in a restinga peat forest and an estuarine

island in state of Rio Grande do Sul, southern Brazil.

the year (LieBscu & Mikich, 2009). Fruits of this palm
represented an important resource in the peat forest habitat,
occurring in 69% of the analyzed scats. This palm species
was also the most consumed item in the northern segment
of Rio Grande do Sul coastal plain (Santos & HARtz,
1999; PeLLaNDA et al., 2010) and a representative item in
P. cancrivorus diet in altered Atlantic Forest landscapes in
state of Parana (AcGuiar et al., 2011). Therefore, Procyon
cancrivorus may play role as seed disperser of Syagrus and
other species (i.e. Smilax, Diospyros, Solanum, Psidium)
in palustrine forest systems, collaborating to arboreal
regeneration. Psidium sp., Smilax sp. and Solanum sp.
were also found in low frequencies in previous studies on
P. cancrivorus diet (Santos & HarTz, 1999; PELLANDA et

al., 2010; Aguiar et al., 2011).

The banana do mato (“wild banana”) Bromelia
antiacantha is a bromeliad distributed in restingas and
forests from southern Brazil to Uruguay (SmitH & Downs,
1979) and produces fruits most part of the year (GieHL,
2012). Fruits of B. antiacantha represented important
food resource in the studied estuarine island and was also
found by Santos & Hartz (1999), but in low frequency
of occurrence. Procyon cancrivorus may also contribute
to this species dispersion, as well as to the dispersion of
Syagrus, Psidium, Solanum and other species in estuarine
communities.

Mammals comprehended the most consumed
category in the studied estuarine island and a frequent
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Tab. I. Food items found in Procyon cancrivorus (G. Cuvier, 1798) scats from a restinga peat forest fragment and an estuarine island in state of
Rio Grande do Sul, southern Brazil, and its respective absolute occurrence (number of scats containing such item) and frequency of occurrence
(between parentheses; rate of the number of scats containing such item over the total number of analyzed scats). Numbers in bold indicate absolute
and frequency of occurrence (between parentheses) of food categories (see Material and methods section). Number of samples is indicated below

each environment name.

Food items Peat forest Estuarine island
(n=129) (n=108)
VEGETAL ITENS 109 (84.5) 56 (51.9)
Arecaceae
Syagrus romanzoffiana (Cham.) 89 (68.9) 10 (9.2)
Smilacaceae
Smilax sp. 2(15)
Bromeliaceae
Bromelia antiacantha Bertol. 5(3.8) 47 (43.5)
Myrtaceae
Psidium cf. cattleianum L. 19 (14.4) 4 (3.70)
Solanaceae
Solanum sp. 4(3.1) 1(0.9)
Solanaceae not identified 2(1.5) 1(0.9)
Ebenaceae
Diospyros inconstans Jacg. 1(0.7)
ANIMAL ITENS
Mollusca 40 (31.0) 9(8.3)
Gastropoda
Pilidae
Pomacea sp. 37 (28.6) 9 (8.3)
Planorbidae 6 (4.6)
Arthropoda
Hexapoda 54 (41.9) 14 (13.0)
Coleoptera 24 (18.6) 16 (14.8)
Heteroptera
Belostomatidae 3(2.3)
Odonata 4(3.1)
Orthoptera 5(3.8)
Hymenoptera 16 (12.4)
Diplopoda 2(15) 1(0.9)
Arachnida
Scorpiones
Bothriuridae
Bothriurus bonariensis (L. C. Koch, 1842) 1(0.8)
Crustacea 17 (13.2) 28 (25.9)
Decapoda
Brachyura 11 (8.5) 28 (25.9)
Isopoda 6 (4.6)
Arthropoda not identified 12 (9.3) 2(1.8)
Chordata
Actinopterygii 4(3.1) 3(2.7)
Siluriformes
3(2.3) 1(0.9)
Siluriformes not identified 1(0.8)
Synbranchiformes
Synbranchus marmoratus Bloch, 1795 1(0.9)
Actinopterygii not identified 1(0.9)
Amphibia
Anura 5(3.8) 2 (1.8)
Sauropsida 25 (25.0) 23(21.3)
Squamata
Teiidae
Salvator merianae (Duméril & Bibron, 1839) 1(0.8)
Dipsadidae
Philodryas patagoniensis (Girard, 1858) 5 (4.6)
Erythrolamprus semiaureus (Cope, 1862) 26 (20.1) 8 (7.4)
Erythrolamprus jaegeri (Gunther, 1858) 1(0.8)
Dipsadidae not identified 11 (10.2)
8(6.2) 16 (14.8)
35(27.1) 67 (62.0)
Didelphidae
Didelphis albiventris Lund, 1840 3(2.3) 4(3.7)
Dasypodidae 1(0.8) 1(0.9)
Suidae
Sus scrofa Linnaeus, 1758 1(0.8)
Cricetidae
Holochilus brasiliensis (Desmarest, 1819) 3(2.7)
Scapteromys tumidus (Waterhouse, 1817) 3(2.7)
Cricetidae not identified 7 (5.4) 8 (7.4)
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Tab. I. (cont.)

Caviidae
Cavia sp. 23 (21.2)

Ctenomyidae
Ctenomys sp. 1(0.8)

Echimyidae
Myocastor coypus (Molina, 1782) 2(1.5)

Small mammals not identified 20 (15.5) 30(27.7)
Chordata not identified 1(0.8) 3(2.7)

Tab. Il. Values of relative importance of food categories in the diet
of Procyon cancrivorus (G. Cuvier, 1798) from a restinga peat forest
fragment and an estuarine island in state of Rio Grande do Sul, southern
Brazil. Frequent categories are marked in bold.

Food categories Peat forest Estuarine island
Fruits 35.64 25.60
Mammals 11.43 30.59
Insects 17.67 6.41
Mollusks 13.07 4.09
Reptiles 10.54 10.51
Crustaceans 5.57 12.83
Birds 2.19 7.30
Amphibians 1.60 0.89
Fishes 1.31 1.33
Diplopods 0.63 0.44
Scorpions 0.34 0

category in the peat forest. Considering both systems,
mammalian items consisted from small Sigmodontinae
rodents to medium-sized species such as armadillos and
coypus [Myocastor coypus (Molina, 1782)]. It should also
be noted the relative high frequency of cavies (Cavia sp.)
and the occurrence of remains of a fossorial hystricomorph
(Ctenomys sp.). Mammals were found on varied frequencies
on P. cancrivorus previous diet investigations and most
of the items were represented by small rodents (Santos
& Hartz, 1999; Gari et al., 2006; PeLLANDA et al., 2010;
AGUIAR et al., 2011). Medium-sized mammalian preys
previously recorded consisted on Dasypus sp. (armadillo)
identified by Garri et al. (2006). The presence of S. scrofa
Linnaeus, 1758 (boar, domestic pig) may also be related
to scavenging habits, as also observed on diet of other
neotropical medium-sized carnivorans such as the crab-
eating fox Cerdocyon thous Linnaeus, 1766 (FAcure &
MonterRo-FiLHo, 1996) and Lontra longicaudis Olfers,
1818 (Kasper et al., 2004; QuintELA et al., 2008).
Frequent invertebrate categories comprehended
insects and mollusks in the peat forest and crustaceans
in the estuarine island. These results may reflect the
abundance of these items observed on each system. A
large number of insects and mollusks (mainly Pomacea
sp.) were indirectly captured during faunal inventories
performed in the peat forest (QuinteLa et al., 2007; 2011)
while brachyuran crustaceans are abundant on muddy
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estuarine plans (D’Incao & Dumonrt, 2010). Insects, mainly
orthopterans and coleopterans, were also representative
on the crab-eating raccoon diet in northern Rio Grande
do Sul coastal plain (Santos & Hartz, 1999; PELLANDA
et al., 2010), Espirito Santo restinga (Gartri et al., 2006)
and Venezuela (BissaL, 1986). Decapod crustaceans were
found on varied proportions on all previous studies of
the species diet (BisBaL, 1986; Santos & Hartz, 1999,
PeLLaNDA etal., 2010; Acuiar et al., 2011). Mollusks were
recorded in low frequencies in northern Rio Grande do Sul
coastal plain (PeLLanDa et al., 2010), contrasting with
our results on the peat forest. The presence of myriapods
and scorpions was also determined in low frequencies by
PeLLANDA et al. (2010).

Reptiles, represented mainly by dipsadid snakes,
were frequent on both studied systems, differently from
the previous investigations (BisBaL, 1986; SanTos &
Hartz, 1999; PeLLaNDA et al., 2010; AGuiar et al., 2011).
Erythrolamprus semiaureus (Cope, 1862), identified on a
high proportion among reptile remains, is a common species
in aquatic environments of southernmost coastal Brazil
(QuINTELA & LoEBMANN, 2009). Other vertebrates (fishes,
amphibians and birds) were found in low frequencies,
accordingly with the precedent studies (BisaL, 1986;
Santos & Hartz, 1999; Garti et al., 2006; PELLANDA et
al., 2010; Acguiar et al., 2011).

Procyon cancrivorus presented a diversified diet on
the subtropical studied systems, revealing opportunistic
feeding habits. In the present study, we detected the
utilization of resources from estuarine/palustrine systems
(i.e. Brachyura crustaceans, Pomacea sp., belostomatids),
restinga forests (S. romanzoffiana, Bromelia antiacantha)
and grasslands (i.e. Cavia sp. and Ctenomys sp.), revealing
the utilization of distinct physiognomies on the mosaics
of the sampled coastal/estuarine zone. As observed by
Santos & Hartz (1999) and PeLranpa et al. (2010), the
species may play a role as seed disperser, contributing to
vegetal regeneration. The conservation of P. cancrivorus in
southern coastal Brazilian areas, however, is conditioned
to the habitat quality, which implies on the availability of
mainly native fruit and small mammals species.
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