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Abstract. The genus Leptodactylus (Leptodactylidae) includes 74 species, distributed from southern North America to southern
South America, and the West Indies. The species Leptodactylus labyrinthicus is popularly known as the pepper frog because it pro-
duces toxic substances, which causes irritation. The aims of this study were to (i) evaluate the composition and level of importance
of the prey for this species; (ii) test the hypothesis that states organisms with wider jaws eat larger prey; (iii) investigate the effect of
sex and ontogeny on diet; and, finally, (iv) test morphometric sexual dimorphism. We collected 43 individuals (13 males, 17 females,
and 13 juveniles) from the Séter Ecological Park, located in the city of Campo Grande, Mato Grosso do Sul. We identified 148 prey
items distributed in 13 orders, with Coleoptera and Spirostreptida being the main food categories of this frog species. We also no-
ticed variations between the diet of males and females and adults and juveniles of L. labyrinthicus. In addition, we report no relation-
ship between the jaw widths of L. labyrinthicus with prey size. We registered sexual dimorphism in body size for the study popula-
tion. In conclusion, our study reports natural history traits of the pepper frog; however, we point out the need to assess morphologi-
cal and dietary singularities between sexes and along the ontogeny. Furthermore, it is also necessary to consider the inter-
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populational variations, especially in cases of widely distributed species.
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Natural history involves the study of ecological aspects of
organisms, including spatial/temporal distribution, diet,
and reproductive recruitment (Greene 1994). This research
field is fundamental to several areas of biological sciences,
such as ecology, evolutionary biology, and conservation
(Greene & Losos 1988, Hillis 1995).

The genus Leptodactylus currently comprises 74 species
and occurs from southern North America to southern South
America and West Indies (Frost 2017). Within the genus,
there are four species groups recognized: L. fuscus, L. latrans,
L. melanonotus and L. pentadactylus (De Sa et al. 2014). The
species L. labyrinthicus (Spix, 1824), also recognized as the
pepper frog, belongs to the L. pentadactylus group which is
distributed in the open formations of Argentina (in Misiones
and Corrientes provinces), Brazil (including the Cerrado and
Atlantic Forest) and Paraguay (De Sa et al. 2014). Leptodacty-
lus labyrinthicus is territorial, large-sized, and breeds in foam
nests deposited in basins excavated by males, usually in
stream margins (Zina & Haddad 2005).

The reproductive mode, territoriality, and habitat use are
aspects of L. labyrinthicus’ natural history that were widely
explored (Franga et al. 2004, Shepard & Caldwell 2005, Silva
et al. 2005, Toledo et al. 2005, Tozetti & Toledo 2005, Zina &
Haddad 2005, Silva & Giaretta 2008, 2009, Costa et al. 2015).
Nevertheless, little is known about the diet of the species,
especially about the partition of food resources between
males and females, or between young and adults. This high-
lights the need of basic knowledge about this species natural
history and the importance of this kind of information
(Greene 1994, Shepard & Caldwell 2005, Silvano & Segalla
2005, Verdade et al. 2012, De Sa et al. 2014). The aims of the
present study were to investigate the aspects of natural his-
tory of L. labyrinthicus in an urban park in the Campo
Grande municipality, Mato Grosso do Sul State, Brazil. Spe-
cifically, we sought (i) to analyse the composition and level
of importance of prey consumed by this species; (ii) to test

the hypothesis that individuals with wider heads prefer
larger prey; (iii) to investigate the effects of ontogeny (young
versus adults) and sex on diet; and (iv) to test if there is
morphometric sexual dimorphism in body size in the stud-
ied population.

Study area. We conducted the field work in the Séter Ecological Park
(20°25'45.52"S, 54°34'37.88"W) in the urban perimeter of Campo
Grande, Mato Grosso do Sul State, Brazil. The climate is humid tem-
perate, with higher temperature average in the summer (Cfa; Kottek
et al. 2006). The Séter stream crosses the park and the vegetation of
its margins is formed by gallery forest, although grass and other in-
troduced plants are present in some stretches of the watercourse
(Fig. 1).

Samplings. We performed field excursions during May and June
2015 to carry out nocturnal visual encounter surveys (Heyer et al.
2014) between 19:00h and 22:00h, covering a 480-meter transect par-
allel to the stream. For each captured individual, we identified the
sex through visualization of gonads, the developmental stage (e.g.
adult, if reproductively active; or juvenile, if it was impossible to de-
termine the sex) and the environment where the animal was regis-
tered (open vegetation, if tree canopies from opposite sides of the
stream did not touch; semi-open vegetation, if only some tree cano-
pies touched each other across the watercourse; and closed vegeta-
tion, if the stream was completely covered by the treetops). Besides
that, we also registered the type of substrate occupied in the moment
of capture (sandbanks, into the water, shrubs, and in cement struc-
tures of an existing bridge present in the area).

We put the collected frogs into cloth bags individually, which
were later taken to the laboratory. We then euthanized the animals
with 2% lidocaine overdose, fixed them in 10% formalin, and con-
served them in 70% alcohol solution. The collected specimens were
housed in the Zoological Collection of Reference of Federal Universi-
ty of Mato Grosso do Sul (ZUFMS). Collection license was provided
by Instituto Chico Mendes de Conservagdo da Biodiversidade (IC-
MBio 49080-1). For each individual, we took 11 morphometric meas-
urements according to Heyer (1979) and Marcus (1990): snout-vent
length (SVL), head width (HW), head length (HL), interorbital dis-
tance (IOD), eye-nose distance (END), thigh length (THL); tibia
length (TIL), foot length (FOL), arm length (AL), forearm length
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Figure 1. Map showing the sampled area (Séter Ecological Park
(20°25'45.52"S, 54°34'37.88"W) in the urban perimeter of Campo
Grande / MS, Brazil. The yellow line represents the Séter stream
where we collected the individuals.

(FAL), and hand length (HL).

To evaluate the diet, in each specimen we removed the stomachs
through a small abdominal incision and extracted its contents, which
were preserved in individual flasks with 70% alcohol solution. Then
we identified the prey with a stereoscope microscope to the order
level and measured the length and width of the prey with a digital
caliper (0.0lmm precision). If the prey was at an advanced stage of
decomposition, we considered it as unidentifiable.

Data analysis. For each stomach, we counted and measured the
length (I) and width (w) of each prey to gauge the total volume of
stomach content, using the ellipsoid formula proposed by Griffiths &
Mylotte (1987):

v=1x(2) ()

To determine the importance of each prey category of L. labyrin-
thicus’ diet, we calculated the relative importance index (Ix), by using
the mean of the percentage of occurrence (F%), the numerical per-
centage (N%), and the volumetric percentage (V%), according to the
Pinkas et al. equation (1971): Ix = F%(N%+V%). To test if individuals
with wider heads ingested larger prey, we performed a simple linear
regression, considering the prey with highest volume in each stom-
ach. To test sexual dimorphism in size, we conducted a principal
component analysis (PCA) and took the first two principal compo-
nents of the ordination to create a MANOVA. We performed all
analysis in R software (R Core Team 2014) using the package Vegan
(Oksanen 2007).

We captured 43 specimens of L. labyrinthicus (13 males, 17
females, and 13 juveniles). Both the PCA analysis (Fig. 2) and
MANOVA (F = 3.54; p = 0.03) revealed size sexual dimor-
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Figure 2. Principal components analysis to evaluate the morphomet-
ric sexual dimorphism in Leptodactylus labyrinthicus population
sampled in Ecological Park Soter, Campo Grande / MS, Brazil.
Black dots indicate females and red dots indicate males. Arrows
indicate the contribution in ordination of the each morphological
variables: SVL - Snout-vent length; HEW - Head width; HEL -
Head length; IOD - Inter-orbital distance; END - Eye-nostril dis-
tance; THL - Thigh length; TIL - Tibia length; FTL - Foot length;
HAL - Hand length; ARL - Arm length; FOL - Forearm length.

phism (males: SVL = 128.20 mm, SD: 15.64; females: SVL =
107.26 mm, SD: 16.28) in this population of L. labyrinthicus.

Regarding diet, 11 stomachs (25.5%) were empty and 32
had some prey (74.5%). In total, we recorded 148 items, di-
vided into 13 prey categories (Table 1). Coleoptera was the
most frequent category occurring in 21% of stomachs and
corresponding to 22.3% of the total volume of ingested prey,
followed by Spirostreptida, with 19.7% of the records and
17.8% of the prey volume in the stomachs. We could not
identify 3.38% of prey due to advanced stage of decomposi-
tion (Table 1). Among males, Coleoptera was the most fre-
quent category (48.7%), with the highest importance index
(Ix = 38.5) (Table 2). Regarding the females, Spirostreptida
was the most recorded category (25.3%), and most important
(Ix = 18.1) (Table 2). Prey items from the categories Ixodida,
Odonata, and Scolendromorpha were registered exclusively
in stomachs of females. We also observed that among adults,
Spirostreptida was the most frequent category (24.53%) with
the highest importance index (Ix = 21.57) (Table 2). However,
in the juveniles the most frequent (31.82%) and more im-
portant category (Ix = 31.59) was Coleoptera (Table 3). Dip-
tera and Scorpiones were observed only in juveniles. We did
not find significant relation between head width and volume
of larger prey consumed (r2 = 0.376; p = 0.7).

Sexual dimorphism in amphibians is usually associated
with males’ territorial behavior (Shine 1979, Magalhaes et al.
2016). According to Shine (1979), larger males would have
the greatest advantage in an eventual corporal combat to de-
fend their territories (e.g. breeding or feeding sites), thus be-
ing positively selected by females. Despite being territorial,
which is a known behavior for L. labyrinthicus, previous
studies did not report sexual dimorphism (Silva et al. 2005,
Zina & Haddad 2005). However, our study reports a mor-
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Table 1. Food items found as stomach contents of Leptodactylus laby-
rinthicus (n= 148) in Ecological Park Séter, Campo Grande / MS,
Brazil. Number (N), volume (V mm?3), frequency (F) (percentage in
parentheses) and the relative importance (Ix) of each item.

C.C. Ganci et al.

Table 3. Food items of adults and juveniles of the Leptodactylus laby-
rinthicus in Ecological Park Séter, Campo Grande / MS. Number
(N), volume (V mm?3), frequency (F) (percentage in parentheses)
and the relative importance (Ix) of each item.

Ttem N(%)  F(%)  Vmm*(%) Ix Item N F Vmm® (%) Ix
Aranae 5(3.38) 3(3.95 13708.72(32.08) 13.13  Adults (n = 30) - - - -
Coleoptera 38 (25.68) 16 (21.05) 9532.80 (22.30) 23.01 Aranae 2 (1.69) 1(1.89) 13535.8 (35.25) 12.95
Diptera 1 (0.68) 1(1.32) 0.60 (<0.01) 0.66 Coleoptera 28 (23.73)  9(16.98) 7290.2 (18.99) 19.90
Hemiptera 6(405)  4(526) 117440 (2.75) 4.02 Hemiptera 6(5.08) 4(755 11744 (3.06) 523
Hymenoptera 19 (12.84) 12 (15.79) 46270 (1.08)  9.90 Hymenoptera 14 (11.86) 8(15.09) 3244 (0.84)  9.27
Ixodida 2(135) 2(263) 22320(052) 150 Ixodida 1(0.85)  1(1.89) 7 (0.02) 0.92
Lepdoptera 9(6.08) 2(263) 161850 (3.79) 417 Lepidoptera 9(763) 2377 16185 (422) 521
Odonata 2(1.35)  1(1.32) 1190.50 (2.79) 1.82 Odonata 2 (1.69) 1(1.89) 1190.5 (3.10)  2.23
Opiliones 4(270)  4(5.26)  3026.00 (7.08) 5.02 Opiliones 4 (3.39) 4 (7.55) 3026 (7.88) 6.27
Orthoptera 9(6.08)  6(7.89) 5029.50(11.77) 8.58 Orthoptera 9(7.63)  6(11.32) 5029.5(13.10) 10.68
Scolopendromorpha 12 (8.11) 5 (6.58) 534.70 (1.25)  5.31 Scolendromorpha 10 (8.47) 4 (7.55) 503.3 (1.31) 5.78
Scorpiones 1(0.68) 1(1.32) 161.40 (0.38) 0.79 Spirostreptida 33 (27.97) 13(24.53) 4695.1 (12.23) 21.57
Spirostreptida 35(23.65) 15(19.74) 571670 (13.38) 18.92 _Total 18 53 383947 100
Not identified 5(338) 4(526) 359.20(0.84) 316  Juveniles (n=13) - - - -
Total 148 (100%) 76 (100%) 42738.92 (100%) 100% Aranae 30909 2(9.09 1729 (275)  6.98
Coleoptera 9(2727) 7(31.82) 22425(35.69) 31.59
Diptera 1(3.03) 1 (455) 06(001) 253
Table 2. Food items of male and female Leptodactylus labyrinthicus in Hymenoptera 8(24.24) 5(22.73)  262.4(418) 17.05
Ecological Park Séter, Campo Grande / MS, Brazil. Number (N), Ixodida 1(3.03) 1 (4.55) 216.1 (3.44) 3.67
volume (V mm?®), frequency (F) (percentage in parentheses) and the Orthoptera 2 (6.06) 1 (4.55) 2119 (33.73) 1478
relative importance (Ix) of each item. Scolendromorpha 2 (6.06)  1(455)  314(0.50) 3.0
Ttem N F V mm? (%) Ix Scorpiones 1(3.03) 1 (4.55) 161.4 (2.57) 3.38
Males (n = 13) - - B _ Spirostreptida 6(18.18) 3 (13.64) 1076.5(17.13) 16.32
Aranae 2(488) 1(526) 13535.8(57.24) 2246 _Total 33 (100%) 22(100%) 6282.8 (100%) 100
Coleoptera 20 (48.78) 4(21.05) 59159 (25.02) 31.62
Hemiptera 2(488)  2(10.53)  319.5(1.35) 339 inthicus in the present study, we highlight the sexual di-
Hymenoptera 2(4.88) 2(10.53) 41.7 (0.18) 5.19 . .
Lepidoptera 1044) 1(526) 53 (0.22) 264 ITIOI'phlSl’n by the Presence of secondary sexua.l charécterl.s—
Opiliones 1(244) 1(526) 17848 (7.55) 5.8 tics, such as forelimb hypertrophy and nuptial spines in
Orthoptera 2(4.88) 2(10.53) 123.3 (0.52) 531 males at reproductive maturity, demonstrating aggressive
Spirostreptida 11 (26.83) 6(31.58) 1873.8(7.92) 2211 characteristics and territorially behavior among them (Shine
Total 41 (100%) 19 (100%) 23647.8 (100%) 100%  1979; Toledo et al. 2005). Lastly, the number of specimens
Females (n=17) - - - - analyzed in the present study was greater than in previous
COle‘?ptera 9(1200) 5(1471) 137430 (931) 1200  yorkg (Franca et al. 2004, Shepard & Caldwell 2005, Silva et
Hemiptera 40639 - 2(588) - 85480(5.79) 567 4 9005, Toledo et al. 2005, Tozetti & Toledo 2005, Zina &
iﬁjﬁfptera 1? 86325)) 61((127_;9645)) 320030(5202;1) 112519 Haddad 2005, Silva & Giaretta 2008, 2009, Costa et al. 2015).
Lepidoptera 8(10.67) 1(294) 156550 (10.60) 8.07 Thus, the difference between our results and the previous
Odonata 2(267) 1(294) 119050 8.06) 456  onescanbe due to sampling artifacts.
Opiliones 3(4.00) 3(8.82)  1241.20(8.41) 7.08 We recorded high diversity in the diet, which reflects the
Orthoptera 7(933) 4(11.76) 490620 (33.23) 18.11  opportunistic/generalist behavior of this species. The great
Scolendromorpha 10 (13.33) 4 (11.76) ~ 503.30 341) 950  amplitude of prey also shows that L. labyrinthicus is a sit-
Spirostreptida 19(25.33) 7(2059) 282130 (19.11) 2168 4nd_wait forager, similar to other species of the genus
Total 75 (100%) 34 (100%) 14764.90 (100%) 100%

phometric sexual dimorphism for this population, with
males larger than females recovered mainly in the first PCA
axis. Alternatively, to associate dimorphism with territoriali-
ty and sexual selection, we propose that our results are relat-
ed to the wide distribution of L. labyrinthicus (Valdujo et al.
2012). Within the distribution gradient of a species, the de-
mographic history (e.g. dispersal followed by isolation) and
contemporary ecological factors (e.g. climate and vegetation)
can form populations with different phenotypes (e.g. Juncé
et al. 2008, Marcelino et al. 2009, Hoogmoed & Avila-Pires
2012, Gehara et al. 2013, 2014). Thus, statements about mor-
phological traits of this species should always consider sev-
eral factors (e.g. geographic distribution, phylogenetic de-
termination, ecological factors, and sexual selection). Despite
the first record of sexual dimorphism of size in L. laby-

(Maneyro et al. 2004, Sugai et al. 2012, Camurugi et al. 2017).
Considering the study population, the most abundant food
category and that presented most relative importance for the
species was Coleoptera, previously recorded in other species
of the genus (Maneyro et al. 2004, Araujo et al. 2007, De-
Carvalho et al. 2008). This is the most diverse order of insects
and is known to be quite abundant in hot climates (Teixeira
et al. 2009, Rafael et al. 2012), which partly explains its high
importance in their diet. We also found an indication of dif-
ferences in the prey diversity consumed between males, fe-
males, and juveniles. This result may possibly be due to dis-
tinct foraging strategies within each of these groups (Simon
&Toft 1991, Duré & Keher 2004, Solé & Rodder 2010). How-
ever, since we have not evaluated prey availability, we can-
not associated these differences directly with diet prefer-
ences. For instance, adult males tend to move less than fe-
males, due to their territorial behavior (Silva et al. 2005,
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Tozetti & Toledo 2005). Besides that, the food item variation
between adults and juveniles can be explained by the con-
siderable size difference between the two groups (adults
SVL: ~116 mm; juveniles SVL: ~58 mm), making a wider
prey range available for adults (Solé & Rodder 2010). How-
ever, we emphasize that we did not observe a significant re-
lationship between head size and prey volume. In fact, for
some species this relationship is significant (Maneyro et al.
2004, Solé & Rodder 2010, Pacheco et al. 2017), but it is not in
others (Biavati et al. 2004, Sanabria et al. 2005, Almeida-
Gomes et al. 2007), which is apparently the result of envi-
ronmental factors interacting with phylogenetically defined
traits.

In conclusion, we point out that to satisfactorily report the
natural history of a species, or the morphological singulari-
ties between sexes, it is necessary to consider the inter-
populational variation, especially in cases of widely distrib-
uted species.
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