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Abstract. Many ecological aspects of Physalaemus crombiei remain unstudied. Thus, the present study describes the diet and
fecundity in a population of P. crombiei from southeastern Brazil. We analyzed the diet of 38 individuals of P. crombiei (25 males and
13 females). Sex ratio at reproductive habitat was slightly biased toward males. Females had greater size and mass compared to
males. The diet of P. crombiei consisted only of small arthropods. Collembola dominated the stomach content in terms of frequency,
number, and mass. Number of oocytes varied from 80 to 253 and showed positive relationship to size and mass of females. Our
findings suggest P. crombiei reproduce throughout the year and have generalist diet. Apparently, this population is not threatened
by local extinction, because these frogs feed upon any available prey that can be ingested, which can be linked to high fertility.
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Amphibians occupy an important trophic position in terres-
trial and aquatic ecosystems by controlling prey populations,
especially invertebrates, and by functioning as prey for other
animals (Toledo et al. 2007, Wells 2007). To understand the
position of amphibians in the trophic network, it is impor-
tant to know their diet composition (Gunzburger 1999).

Most amphibians are generalist consumers and feed
upon invertebrates and small vertebrates (Duellman &
Trueb 1994, Solé & Roédder 2010, Castro et al. 2016). On the
other hand, some species have a narrow diet or even special-
ize on certain prey categories (Toft 1980, 1981, Ferreira et al.
2012, 2015). Intraspecific differences of prey consumed may
be influenced by behavior, sex, and size and consequently
influence fertility (Camilleri & Shine 1990, Donnelly 1991,
Miranda et al. 2006). For instance, only large females of Lep-
todactylus natalensis Lutz, 1930 feed upon other anuran spe-
cies and they also produce more oocytes (Ferreira et al.
2007). The differences in consumed prey by males and fe-
males may be related to activity patterns during forage, in
which females are more active than males and consequently
eat more mobile prey (Ferreira et al. 2007).

Anurans from the Atlantic Forest have almost 40 repro-
ductive modes, varying from more basal (i.e. oviposition in
water bodies) to more specialized ones (i.e. oviposition in
foam nests) (Haddad et al. 2013). Generally, species that use
basal reproductive modes have smaller eggs and higher fer-
tility (i.e. larger clutches) than species with specialized
modes (Prado et al. 2005, Pupin et al. 2010). However, an-
urans that use specialized modes have some advantages in
environments in which fresh water is limited (Haddad &
Prado 2005). For instance, some leaf litter anurans may use
foam nests that maintain humidity, prevent desiccation and
for predation (Heyer & Wolf 1989, Duellman & Trueb 1994,
Giaretta & Menin 2004).

The 48 species of Physalaemus Fitzinger, 1826 are stream
breeders (Haddad et al. 2013, Frost 2016). These frogs de-
posit few large eggs in foam nests on water or forest floor
(Haddad & Prado 2005, Pupin et al. 2010). Physalaemus spe-
cies have a broad food spectrum by consuming Formicidae,
Isoptera, Colleoptera, Orthoptera, Araneae and Collembola

(Falico et al. 2012, Gonzélez-Duran et al. 2012, Menin et al.
2015). Most species are apparently generalist feeders. How-
ever, the life history of some species of Physalaemus is still
unknown. For example, P. crombiei Heyer & Wolf, 1989 is an
endemic species to the Atlantic Forest, with populations in
Espirito Santo and Bahia states. Ecological aspects such as
diet, sex ratio and fecundity remain unstudied for this spe-
cies.

Thus, the goals of this study are: 1) describe the diet of P.
crombiei in a sandy-coastal plain in Espirito Santo state, 2)
test the relationship between prey items and sex, and 3) de-
termine fecundity and relationship to female snout-vent
length. These ecological aspects are particularly useful in
providing practical interpretations of species-specific behav-
ioral observations.

Fieldwork was carried out at a sandy-coastal plain (restinga habitat)
in the Ubu Lagoon (20° 47' 22.63" S and 40° 35' 11.76" W) municipal-
ity of Anchieta, Espirito Santo state, southeastern Brazil. Restinga is
an open xeromorphic habitat that covers the recent Quaternary sand-
dunes of the coast, and is characterized by landscape dominated by
shrubs, cactus, bromeliads, and grass patches, with extended areas of
exposed sand (Lacerda et al. 1984). The study site has been severely
disturbed in the last decades, and its original floristic composition
has been replaced by non-native plants (Teixeira, R. L. pers. obs.).

The nocturnal samplings (18-22h) were conducted every two
months from November 1999 to September 2000. The water bodies
were surveyed and the individuals were hand-captured. All cap-
tured individuals were kept in water containing dissolved xylocaine.
After this, individuals were transferred to a solution of formalin 5%.
Then, they were washed and kept in a solution of alcohol 70%.

Laboratory procedures included measurement of snout-vent
length (SVL) with caliper (0.01 mm precision) for each individual,
weighing (0.1 g precision), and dissection for removal of stomachs
and oocytes. All prey items were sorted, counted and identified to
the lowest possible taxonomic level under a stereomicroscope. The
prey items with a dubious identification were taken to invertebrate
specialist for confirmation or correction. Food items were analyzed
by their frequency, number and wet weight in an analytical balance
(0.0001 g = 0.1 mg). Clutch size was determined for each female by
manually counting the total number of mature oocytes. Mature oo-
cyte is unpigmented and with mean diameter of 1.38+0.064 mm
(range 1.25-1.49, Pupin et al. 2010).
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Table 1. Frequency, number, and mass (g) of prey items in the diet of P. crombiei (N= 47).

Prey Frequency (%) Number (%); frog sex Mass (%)
Arachnida
Araneae 1(3) 1(2.1); male 2.1(1.5)
Pseudoscorpionida 1(3) 1 (2.1); female 3.4 (2.5)
Isoptera 2(6.1) 4 (8.5); male 5.4 (4)
Insecta
Coleoptera larvae 9 (39.4) 9 (19.1); 6 males, 3 females 23.5 (17.3)
Collembola 13 (51.1) 24 (51.1); 17 males, 7 females ~ 37.5 (27.6)
Blattodea 1(3) 1(2.1); male 21.5 (15.8)
Formicidae 5(15.2) 6 (12.8); 4 males, 2 females 9.8 (7.2)
Lepidoptera larvae 1(3) 1 (2.1); female 32.7 (24.1)
Sex ratio was estimated using Pearson’s chi-square exact test (x?) 20 7
through a Monte Carlo simulation based on 999 replicates. The t- ; ﬁ;"l'ales
student test was employed to detect differences in SVL and weight 157 e
between sexes. Linear regression was used to evaluate the relation- ié 10 -
ship between number of oocytes and SVL of females. All analyses 2
were performed in R 2.8.1 (R Development Core Team, 2004). Mean 5
(#1 standard deviation) are provided throughout.
0
We collected 38 individuals of P. crombiei of which 13 (34%) 20-209 21219 22229  23-23.9 24249 25254
were females and 25 (66%) were males. Sex ratio was 1.9:1 SVL

slightly biased toward males (x2= 3.78; p = 0.07). Mean SVL
of females was 24.09 mm (+0.89) and ranged from 22.1 to
254 mm (Fig. 1). Mean SVL of males was 22.96 mm (+1.29)
and ranged from 20.2 to 25.1 mm (Fig. 1). Females were lar-
ger than males (T = 5.000; p < 0.05).

Thirty-two (84%) individuals had at least one prey item
in the stomach, of which 12 (37%) were females and 20 (63%)
were males. A total of 47 prey items representing eight ar-
thropod taxa were found in the stomach content. The mean
number of prey items per stomach was 1.2 (¥1.1). Collem-
bola was the dominant food item of P. crombiei but Colleop-
tera larvae, Formicidae and Lepidoptera larvae were also
important prey in terms of frequency, number and mass
(Table 1). Males and females did not differ in frequency of
prey ingested (x = 7.35, df = 7, p = 0.39), but five prey types
(Araneae, Pseudoscorpionida, Isoptera, Blatodea and Lepi-
doptera larvae) were found only in one of the sexes (Table
1).

Females were found throughout the study period (Janu-
ary to September), except in May, when no individual of P.
crombiei was captured. All females had well developed oo-
cytes throughout the study period. The mean number of oo-
cytes was 193 (+44) and ranged from 80 to 253. The smallest
female having mature oocytes was 22.1 mm in SVL. The
number of oocytes showed positive relationship to female
SVL (r =0.82; p < 0.05) (Fig. 2).

The diet of the studied population of P. crombiei was
composed of arthropods, mainly Collembola and Coleoptera
larvae. The high consumption of Collembola and Coleoptera
by P. crombiei may be related to the high density of these
preys in the leaf litter. The density of Collembola can reach
200 to 1800 individuals per dm?® and consequently influences
the density of its predator (i.e. Coleoptera) (Bellinger et al.
2016). The high fraction of Collembola and Coleoptera in P.
crombiei diet is similar to other congeners. For example, in
the diet of P. albonotatus, Coleoptera and Collembola com-
posed 47.2% and 47.1% of the total prey consumed, respec-
tively (Falico et al. 2012). Collembola was more consumed
prey in both warm (36.7%) and cold (47.8%) seasons for P.

Figure. 1. Snout-vent length (mm) distribution frequency of males
and females of P. crombiei.
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Figure 2. Relationship between the snout-vent length and mature oo-
cytes in females of P. crombiei.

gracilis, Boulenger, 1883 (Rosa et al. 2002). Coleoptera was an
important food item in the diet of P. biligonigerus Cope, 1861
and P. cicada Bokermann, 1966 (Santana & Junca 2007, Rod-
der 2008). We did not evaluate prey availability in the envi-
ronment but because species of the genus Physalaemus have
local differences in the important consumed prey (Santos et
al. 2004, Santana & Juncéd 2007, Falico et al. 2012), it may
suggest that these frogs consume similar proportion of prey
to the abundance available in the environment.

The larger size of females compared to males probably
was not a consequence of small variation in diet, because
there was no difference between the frequencies of the types
of preys ingested by sex. However, the SVL of females
showed a positive relation with the number of oocytes,
which is also reported for other frogs (Berven 1988,
Lemckert & Shine 1993, Liiddecke 2002, Pupin et al. 2010).
This implies that larger females produce more eggs, which
may result in higher reproductive success. Besides, during
all of the study period, females showed a high number of
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mature oocytes, suggesting that this species has a broad re-
productive period (Pupin et al. 2010).

Our study suggests that P. crombiei diet is not limiting
population size because they can feed on any available prey
that can be swallowed. Furthermore, females of P. crombiei
produce large number of oocytes and reproduce throughout
the year, which allows positive recruitment in the popula-
tion. The slight difference in sex ratio is evidence of 'female
chosen' breeding strategy (sensu Altmann 1974).

Based on the wide spectrum of food types, we suggest P.
crombiei is a sit-and-wait generalist feeder. Toft (1981) stated
that foraging behavior and the number of prey items in the
stomach is correlated with the degree of specialization. The
sit-and-wait strategy may be a population response to the
most available prey type. Thus, we recommend future stud-
ies to investigate the available prey items in the environment
to further understand feeding strategy of P. crombiei.
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