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ABSTRACT. We analyzed the diet and microhabitat use for two Hylodinae anurans (Cycloramphidae), Hylodes phyllodes Heyer &
Cocroft, 1986 and Crossodactylus gaudichaudii Duméril & Bibron, 1841, living in sympatry at an Atlantic Rainforest area of Ilha
Grande, in southeastern Brazil. The two species live syntopically at some rocky streams. The two species differed strongly in microhabitat
use. Hylodes phyllodes occurred mainly on rocks, whereas C. gaudichaudii was observed mostly on the water. Regarding diet, coleopterans,
hymenopterans (ants), and larvae were the most important prey item consumed by both species. Data suggest that microhabitat use
appears to be an important parameter differentiating these frogs with respect to general resource utilization.
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RESUMO. Dieta e uso do microhabitat em duas espécies de Hylodinae (Anura, Cycloramphidae) vivendo em simpatria e
sintopia em uma area de Mata Atlantica. Nés analisamos a dieta e 0 uso do microhabitat em duas espécies de anuros da subfamilia
Hylodinae (Cycloramphidae), Hylodes phyllodes Heyer & Cocroft, 1986 e Crossodactylus gaudichaudii Duméril & Bibron, 1841, que
vivem em simpatria em uma area de Mata Atlantica na Ilha Grande, na regido sudeste do Brasil. As duas espécies vivem sintopicamente
em alguns riachos pedregosos. As duas espécies diferiram fortemente no uso do microhabitat. Hylodes phyllodes ocorreu principa mente
sobre pedras, enquanto C. gaudichaudii foi observado na maioria das vezes dentro d’&gua. Com relagéo a dieta, coledpteros, himendpteros
(formigas), e larvas foram as presas mais consumidas por ambas as espécies. Os dados sugerem que o0 uso do microhabitat parece ser um

importante par@metro diferenciando esses anuros com respeito a utilizacdo de recursos.

PALAVRAS-CHAVE. Anuro, simpatria, sintopia, Mata Atlantica, llha Grande.

For sympatric species, the study of trophic
relationshipsisfundamental to understand the magnitude
of interactions between them (Dure & Kenr, 2001, 2004).
For anuran amphibians, as for other organisms,
differences in resource utilization may facilitate the
coexistence of speciesoccurring in sympatry and syntopy
(e.g. DUELLMAN,1978; VAN SLuys & RocHA, 1998; Dure &
KEHR, 2001, 2004).

At the Atlantic Rainforest of 1lha Grande, a large
island located in southern coast of the state of Rio de
Janeiro, Brazil, two frog species of the cycloramphid
subfamily Hylodinae (sensu LvyncH, 1971),
Crossodactylus gaudichaudii Duméril & Bibron, 1841
and Hylodes phyllodes Heyer & Cocroft, 1986 occur in
syntopy in some localities. Both species are diurnal and
endemic to the Atlantic Forest of the states of Rio de
Janeiro and S&o Paulo, in southeastern Brazil (RocHa et
al., 1997; Frosr, 2004). Crossodactylus gaudichaudii and
H. phyllodes are generally found associated to streams
inside the forest (HEveEr & CocrorT, 1986; |zECKSOHN &
CARVALHO-E-SiLVA, 2001; HaTano €t al., 2002).

In the present study, we investigate the patterns of
resource utilization (food and microhabitat) in C.
gaudichaudii and H. phyllodes and establish
comparisons between the two species.

MATERIAL AND METHODS

Study area. Datawere gathered from April 1996 to
March 2004 in the Atlantic Rainforest of Ilha Grande

(23°11'S, 44°12’W). Theforest exhibitsdifferent level s of
regeneration from disturbances caused by human
activities in the last centuries which ceased with the
transformation of the area into a State Park (ArRAUIO &
OvLivEIRA, 1988). Annual rainfall inthe areaisabout 2,200
mm and mean annual temperature is about 22.5°C (data
obtained from Estacdo Metereoldgica, Central Nuclear
deAngradosReis, Rio de Janeiro).

Collecting methods and analysis. Field
observationswere performed along three streamsin which
C. gaudichaudii and H. phyllodes occur syntopically.
To record spatial utilization by each species, monthly
transects along the streams were performed, from June
2002 to January 2004. During transects, the microhabitat
types where individuals of each species were sighted
were recorded according to the following categories: 1)
partially immersed in water; 2) on humid soil; 3) onrock;
4) ontreeroot; 5) inrock crevice, and 6) on leaf-litter.

For analysis of the trophic niche we used 51 H.
phyllodes and 21 C. gaudichaudii that had been
collected for studies of reproductive traits and
endoparasitefaunas. Theindividualsof H. phyllodeswere
collected from April 1996 to April 2003, while the C.
gaudichaudii were collected from April 1999 to February
2003. Those collections were done in adifferent stream
from those where the observations on microhabitat use
were conducted. Theindividual swere euthanized in 50%
alcohol and fixed in 10% formaline. The frogs were
measured in their snout-vent length (SVL) and in their
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mouth width, with acaliper (to the nearest 0.1 mm). The
individuals were dissected and had their stomach
contents examined under stereomicroscopes. The frog
specimenswere deposited at the herpetological collection
of the Museu Nacional, Rio de Janeiro (Hylodes
phyllodes: MNRJ35191-35222 and MNRJ 35244-35262;
Crossodactylus gaudichaudii: MNRJ 40604-40606 and
MNRJ41746-41763). We analyzed the diet composition
intermsof number, volume and frequency of occurrence
of each prey type. All prey itemsfound wereidentified to
Order, and had their length and width measured with a
caliper (tothenearest 0.1 mm). Prey volumewas estimated
for each prey item using the formula for an ovoid-
spheroid: V = 4/3n(L/2)(W/2)?, whereL isthelength and
W the width of agiven prey item (DunHaMm, 1983). This
formula has been used in other recent studies of frogs
diets (Dure & KEeHR, 2004; MaNEYRO €t al., 2004). For
each prey category, we also calculated an index of
importance (I,) (PoweLL et al., 1990) which represents
the sum of the proportions of the number, volume, and
frequency of occurrence of each prey inthe diet divided
by three. In order to evaluate the effect of frog mouth
width on mean prey length and volume we used simple
regression analyses (ZAar, 1999). The differences between

the two species in body size and mouth width, and in
mean prey length and volume were tested by one-way
analysisof variance (ANOVA) (ZAR, 1999). For both frog
species, the mean length and volume of prey consumed
were calculated only for individual s containing morethan
one item in their stomachs (H. phyllodes, N = 39; C.
gaudichaudii, N = 16). Wetested for the normality of the
data distribution, and when the data did not fit anormal
distribution we used a non-parametric test.

RESULTS

Thetwo speciesdiffered in patterns of microhabitat
use. Hylodes phyllodes occurred mainly on rocks,
whereas C. gaudichaudii was observed mostly in the
water (Fig. 1).

Of the individuals analyzed for diet, 48 Hylodes
phyllodes (94.1%) and 18 Crossodactylus gaudichaudii
(85.7%) had food in their stomachs. Diet of both species
was composed of various arthropod groups (Tab. I).
Coleopterans, hymenopterans (ants), and larvae were the
most important prey item consumed by both species (Tab.
). As the mean prey volumes did not follow a normal
distribution for H. phyllodes (Kolmogorov-Smirnov:

Table 1. Number (N), volume (V; mm3), frequency of occurrence (F), and index of importance (1) of prey consumed by Hylodes phyllodes
(N = 48) and Crossodactylus gaudichaudii (N = 18) at the Atlantic Rainforest of Ilha Grande, Brazil (U.A.R., unidentified arthropod

remains).

Hylodes phyllodes (N = 48)

Crossodactylus gaudichaudii (N = 18)

Prey category N ( %) V (%) F (%) IX N ( %) V (%) F (%) Ix
INSECTA

Coleoptera 26 (11.8) 448.5 (14.6) 21 (41.2) 0.225 13 (14.0) 144.9 (6.8) 9 (50.0) 0.212
Hymenoptera (ants) 32 (14.5) 88.7 (2.9) 19 (37.2) 0.182 22 (23.6) 104.5 (4.9) 14 (77.7)  0.291
Hymenoptera (non-ants) 7 (3.2) 18.6 (0.6) 6 (11.8) 0.052 7 (7.5) 450.3 (21.2) 4 (22.2) 0.159
Orthoptera 7 (3.2 212.6 (6.9) 5 (9.8) 0.066 2 (2.1) 24.4 (1.1) 2 (11.1) 0.127
Diptera 14 (6.4) 91.0 (3.0) 10 (19.6) 0.096 8 (8.6) 39.7 (1.9) 3 (16.6) 0.082
Hemiptera 9 (4.1) 70.7 (2.3) 7 (13.7) 0.067 3 (3.2 99 (4.7) 3 (16.6) 0.074
Homoptera 7 (3.2 135.0 (4.4) 6 (11.8) 0.064 - - - -

| soptera 2 (0.9) 10.9 (0.3) 2 (3.9 0.017 - - - -
Odonata - - - 2 (2.1) 51.2 (2.4) 2 (11.1) 0.046
Blattaria 1(0.4) 11.3(0.4) 1 (2.0) 4 (4.3) 462.5 (21.8) 3 (16.6) 0.134
Psocoptera - - - 2(2.1) 2.8 (0.1) 1 (5.5) 0.023
Phasmida 1 (1.0) 6.5 (0.3) 1(5.5) 0.020
Collembola - - - - 1 (1.0 3.2 (0.2) 1(5.5) 0.020
Larvae 86 (39.1) 1234.5 (40.3) 23 (45.1) 0.415 15 (16.1) 230.7 (10.8) 7 (38.8) 0.193
ARACHNIDA

Aranae 16 (7.3) 155.9 (5.1) 14 (27.4) 0.132 8 (8.6) 107.1 (5.0) 6 (33.3) 0.141
Acari 1 (0.4) 2.3 (0.1) 1 (2.0) 0.008 - - - -
Opiliones - - - 1 (1.0 2.4 (0.1) 1(5.5) 0.019
Pseudoscorpiones - - 1 (1.0) 0.6 (0.1) 1 (5.5) 0.019
CRUSTACEA

| sopoda 8 (3.6) 89.2 (2.9) 8 (15.7) 0.074 2 (2.1) 8.9 (0.4) 2 (11.1) 0.040
MOLLUSCA

Gastropoda - - 1 (1.0 3.8 (0.2) 1(5.5) 0.020
CHILOPODA

Chilopoda 4 (1.8) 8.5 (0.3) 4 (7.8) 0.033 - - - -
U.AR. 482.7 (15.8) 381.6 (18.0)

TOTAL 220 3060.4 93 2124
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Fig. 1. Number of individuals of Hylodes phyllodes (N = 52) (black
bars) and Crossodactylus gaudichaudii (N = 69) (white bars) using
each microhabitat category at the Atlantic Rainforest of Ilha
Grande, Brazil (HS, on humid soil; LL, on leaf-litter; P, partialy
immersed in water; R, on rock; RC, in rock crevice; TR, on tree
root).

Dmax = 0.235, P< 0.001) and for C. gaudichaudii (KS:
Dmax = 0.333, P< 0.001), thevalueswerelog-transformed
before performing regression analyses and ANOVAS.

Inbody size, H. phyllodes=33.9 + 0.45 mm (range
19.9-37.9 mm; N = 51) was significantly larger than C.
gaudichaudii =28.9 + 0.40 mm (range 26.0-33.1. mm; N =
21) (ANOVA, F,;,=44.11; P<0.001). However, thetwo
speciesdid not differ significantly in mouthwidthH. p. =
10.7+0.14mm (range6.4-12.1 mm,N =51); C.g.=10.3+
0.1mm (range9.2-12.1 mm, N = 21) (ANOVA: F, ,,=1.99,
P =0.16), nor in mean prey lengthH. p. =5.2 + 0.38 mm
(rangel.7-11.6 mm; N =39) and C.g. =4.4+ 0.1 mm (range
1.6-8.0mm; N = 16) (ANOVA, F,5; = 1.423; P=0.238) or
mean prey volumeH. p. =15.8 + 2.9 mm (range 0.75-82.9
mm, N =39; C.g.=25.5+9.8mm (range 1.4-166.1 mm, N
=16) (ANOVA: F, ;= 1.46, P=0.23). Prey sizewas not
correlated to mouth width, either in H. phyllodes (prey
length: R?=0.04, F, ;,= 1.44, P=0.24; prey volume: R* =
0.02, F,5,=0.85, P=0.36) or in C. gaudichaudii (prey
length: R*=0.03; F, ,, = 0.40, P=0.54; prey volume: R* =
0.02, F,,, =0.34, P=0.57). Asants are small items and
werefoundin high proportionsin thediet of both species,
we remade the analyses excluding ants. Still, there was
no influence of mouth size on neither size nor volume
(log-transformed) of prey consumed by C. gaudichaudii
(prey length: R? = 0.054; F,; = 0.454, P = 0.519; prey
volume: R?=0.005, F, ; = 0.043, P=0.840) and H. phyllodes
(prey length: R* = 0.073, F,,, = 1.577, P = 0.224; prey
volume: R?=0.126, F, ,, = 2.887, P=0.105).

DISCUSSION

Our dataindicate that, although living in the same
stream, the two species differed consistently in their use
of microhabitats. Apart from differencesin microhabitat
preferences, the data suggest that C. gaudichaudii uses
the habitat horizontally, whereas H. phyllodes uses the
habitat more vertically. Males of H. phyllodes use rocks
as calling sites and, when disturbed or scared by an
observer, tend to seek refugeinsiderock crevices, usually
above the water level (Hatano et al., 2002). As for C.

gaudichaudii, it appears to be more directly associated
to the water. They are usually found partially immersed
and do not leave the water even after detecting the
presence of an observer. Also, when supposedly in
danger, individuals of C. gaudichaudii tend to dive and
remain motionless at the bottom of the stream (lzeck soHN
& CARVALHO-E-SILVA, 2001; pers. obs.).

Both species fed exclusively on arthropods.
Although the individuals of the two species have not
been collected simultaneously, our datasuggest that they
have similar diets, with insect larvae, coleopterans and
antsbeing important itemsfor both species. The similarity
in the diet of the two frogsis not surprising, considering
that they are sympatric and syntopic (thus being exposed
to apotentially similar prey spectrum) and have similar
width of mouth. In other studies with sympatric pairs of
anuran species, in other regions of South America, inter-
specific differencesin mouth width werereflected in the
sizesof prey consumed (e.g. VAN SLuys & RocHa, 1998;
Dure & KEHR, 2001). Since amphibians usually ingest
their prey whole, mouth dimensions tend to restrict the
upper limit of prey size they can consume, which is
generally reflected by a relationship between mouth
dimensionsand prey dimensions(e.g. DUELLMAN & TRUEB,
1986; LimA & MoREIRA, 1993; VAN SLuys & RocHa, 1998;
Dure & KEHR, 2001; VAN SLuyset al., 2001), whichwas
not observed in the present study. The high consumption
of ants, which are preys of small size and little size
variation (which reducesthe overall variationin prey size
inthe frogs' diets) may have contributed for the lack of
significant relationship between mouth width and prey
dimensions for the two species. We cannot tell to which
extent thelack of correlation between prey size and mouth
width of these two stream-dwelling hylodines may be
related to specific characteristics of their foraging
patterns, which are currently unknown.

For species living in syntopy it is believed that
coexistence may befavored if they differ consistently in
resource utilization (ScHoeNER, 1970, 1974). Inthe case of
H. phyllodes and C. gaudichaudii, our data suggest that
differences in microhabitat utilization constitute an
important factor favoring a coexistence of these species
in forest streams.
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