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Abstract — The grazing of amphibian tadpoles has a significant effect on structure and function of freshwater
algal communities. The aim of this study was to evaluate the composition of the diet, the amplitude and
degree of overlap of the trophic niche of tadpoles of Rhinella arenarum and Hypsiboas cordobae. We captured
tadpoles using nets in pond. Food items were identified to genus level and assigned to morphological guilds.
The diet of both species consisted of microalgae, with a predominance of diatoms, but representatives of
Cyanobacteria, Chlorophyta, Euglenozoa, Dinozoa and Ciliophora, were also recorded. A greater abundance
was observed in H. cordobae diet, with diversity and richness showed significant differences between species.
The proportion of individuals of each guild was different in the two species. As regards the size of the taxa
consumed, both species consumed a higher proportion of small organisms. The differences in the diet of these
species could be explained by different behaviors for food acquisition in the water column, as H. cordobae
tends to be nektonic and R. arenarum benthic. The analysis of diets suggest that the quantity of food available
to the tadpole anurans is very low; this could be due to water turbidity, depth, substrate type and strong

variations in conductivity in a short period of time.
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Introduction

The diet analysis is a tool to assess food availability in
an environment, especially in those generalist habits
species, and feeding strategies in syntopic species with
similar behavior, however there are few studies comparing
dietary overlap of amphibian larvae (Pavignano, 1990;
Rossa Feres et al., 2004; Do Prado et al., 2009).

Amphibian larvae have a fundamental role in control-
ling ecosystem processes, in the regulation of primary
producer’s communities and as intermediaries in food
webs of many environments (Connelly ez al., 2008; Whiles
et al., 2013). In addition, in some habitats, tadpoles could
be a diverse and abundant component of many freshwater
habitats, grazing of amphibian tadpoles has a significant
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effect on structure and function of algal communities in
an environment (Connelly ez al., 2008). Therefore the
information on feeding behaviors is critical to understand
whether the anuran species adjust their diets to the
habitats they occupy, according to the variation in the
availability of different prey (Altig et al., 2007; Peltzer
et al., 2010) which could affect the growth and develop-
ment of these organisms (Falico et al., 2012).

Consequently, studies on amphibian larvae diet may
represent a general measure of the offer and trophic
availability of different habitats and be a tool for
characterization and monitoring as bioindicator of envir-
onmental quality (Jittner et al., 1996; Blanco et al., 2004;
Diaz Quiros and Rivera Rondoén, 2004; Bionda et al.,
2012, 2013).

Several studies have been performed about the diet of
larval amphibians in central Argentina (Arana et al., 2003,
2005; Bionda et al., 2012, 2013). But neither of these
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studies has focused on analyzing dietary overlap between
species and the structure and architecture of the consumed
algal community, thus becoming the first reference to
Argentina, contributing significantly to the theoretical
framework of the ecology of neotropical tadpoles.

The aim of this study was to evaluate the diet
composition, amplitude and degree of trophic niche
overlap of larval anurans of Rhinella arenarum Hensel,
1867 and Hypsiboas cordobae Barrio, 1965 and its relation
to the structure of periphyton.

Materials and methods
Study area

The study area is located in center-south of the Sierra
de Comechingones, Cordoba, Argentina (32°50'34"S—
64°79'30"W, 1200 m elevation.). Most part of the area is
constituted by plutonic base, with high fluorine content,
more than double the hosting metamorphic rock (Coniglio
et al., 2010). This natural morphology in this area has
contributed to the development of mines associate with the
fluorite extraction, being the mine Cerros Negros; the only
mine active at present since 1991.

The region is characterized by a climate within the
domain semi-humid to semi-dry trend in the plains and
mountains, with water deficit in winter (Oggero and
Arana, 2012). With respect to temperatures, the annual
average is 17.2 °C; the maximum is 34.0 °C.

Species of study

R. arenarum presents a neotropical distribution (Frost,
2015), in a variety of habitats, including coastal environ-
ments, rural or urban areas (Lajmanovich er al., 2010);
while, the distribution of H. cordobae is restricted to
highlands of Cérdoba and San Luis provinces, Argentina.
This restricted distribution, to the highlands of central
Argentina and with a broad altitudinal range, together
with the report by the IUCN (2014) as species with
insufficient data, makes this species interesting for study
(Baraquet et al., 2013, 2015).

Sampling

In November 2013, using a hand net, six tadpoles of
both species R. arenarum and H. cordobae between Gosner
stages 30-39 (1960) were collected, from artificial ponds of
approximately 15 x 25 m, vegetated with Typha sp. where
sediments precipitate due to the flotation process that uses
the mine. The captured larvae were anesthetized with a
solution of chloroethylene and fixed in buffer formalin.

Water temperature, pH, electrical conductivity, salinity
and total dissolved solids were recorded with digital
equipment TestTM 35-Series Multiparameter 35425-10.

In order to qualitatively determine the algal commu-
nity present at the sampling site, three replicates of
epiphyton (macrophytes) and epipelon (sediment) of the
ponds were collected for identification under a 40x optical
microscope.

Analysis of the diet

Under a stereoscopic microscope complete intestine of
12 larvas was removed and their contents were analyzed
(only first third) according to Bionda er al. (2012). For
species identification, a Zeiss optic microscope was used.
For taxonomic analysis, specific bibliography for each
particular group was used, and names were updated
according to Spaulding er al. (2010), Komarek and
Hauer (2013) and, Guiry and Guiry (2014). The counts
were performed by direct methods at 400x magnification
with slide and coverslip of 24 x 50 mm following transects
along the coverslip (Goémez et al., 2009, Rimet and
Bouchez, 2011). The counting unit was the individual
(cell, coenobium or colony) and for filamentous algae a
30 um length was counted as a single cell (Hill ez /., 2000).
Algal density estimation was based on Villafafie and Reid
(1995).

The frequency of occurrence (FO%, percentage of
individuals that consumed a given category of prey) and
numerical frequencies (N%) for each food item were
calculated. Rank-abundance curves were constructed to
analyze and show graphically the dominance of certain
groups and the presence of rare taxa, and whether these
relationships changed between species.

Total algal abundance was compared between species
using the non-parametric Kruskal-Wallis test, because
this variable did not meet the assumptions of analyses of
variance (ANOVA). To describe the dietary diversity
among different populations, diversity index (H) accord-
ing to Shannon and Weaver (1949) was calculated.
Furthermore, we measured the evenness (E) for each
population diet following Magurran (1987). These struc-
tural attributes were compared using one-way ANOVAs.

Rarefaction method was performed using Estimates
version 8.2.0 (Colwell, 1997) to contrast the average diet
diversity and richness in populations with different sample
sizes. All algal taxa were grouped in three ecological
guilds, low profile, high profile and motile species
proposed by Passy (2007) and Passy and Larson (2011).
The low profile guild comprises species of short stature,
including prostrate, adnate, solitary centrics and slow
moving species. Unicellular, colonial or filamentous algae
extending higher on the substrate, comprising the high
profile guild; and fast-moving biraphid diatoms or
flagellated soft algae the motile guild. ANOVA were
performed to compare the abundance and proportion of
algae assigned to each morphological guild within species.

According to Rimet and Bouchez (2011), the taxa were
assigned to five classes considering its biovolume (in um?):
C, consists of taxa with less than 99 p,m3, C, between 100
and 299 um3, C; between 300 and 599 um3, C, between 600
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Table 1. Percent (N%) and occurrence frequencies (FO%) of the more abundant algal genera (FO > 50%) recorded in the gut

contents of Rhinella arenarum and Hypsiboas cordobae tadpoles.

R. arenarum H. cordobae
N (%) FO (%) N (%) FO (%)
Division Cianobacteria
Chroococcus 0.46 33 0.05 83
Jaaginema 1 2.09 83 5.12 100
Oscillatoria 1.20 33 3.36 83
Division Chlorophyta
Closteriopsis - - 0.25 100
Division Ochrophyta
Achnanthidium 34.41 100 23.48 100
Cocconeis 0.40 33 0.42 50
Encyonema 0.12 50 0.04 33
Encyonopsis 8.97 83 4.54 83
Fragilaria 1.53 50 1.17 83
Gomphonema 0.43 33 0.10 67
Halamphora 0.23 67 0.24 67
Navicula 8.2 100 32.31 83
Nitzschia 39.7 100 17.54 83
Rhopalodia 0.11 50 0.57 50
Phylum Euglenozoa
Euglena 0.10 17 2.96 83
Phylum Dinozoa
Peridinium 1.25 83 0.06 67
and 1499 p,m3 and Cs greater than 1500 Mm3. ANOVA 250000 - ,493.0
were performed to compare the abundance and propor- I
tion of algae assigned to each size in the diet of each = g Y
species. Analyses were performed using InfoStat (Di 200000 7 &
Rienzo et al., 2012). W —o—H. cordobae
We calculated dietary overlaps using Pianka’s index _ 150000 &0\'@
(Pianka, 1973). Overlap values of 1.0 indicate identical = N &
diets or food volume, whereas overlap values of 0 indicate 100000 - &
total dissimilarity in food items. Intermediate values o
are established as proposed by Peltzer ef al. (2010) at the
following levels: high (>0.7), intermediate (0.4-0.7) or
low (< 0.4).

Results

The previous analysis of the availability of food
revealed a low algal density with Nitzschia sp., Navicula
sp., Achnanthidium sp. and FEuglena sp., as the most
frequent genera.

Six tadpoles for each species were analyzed. The diet of
the two species consisted mainly of microalgae belonging
to 44 genera (Table 1). There was a predominance of
diatoms (95 and 83% R. arenarum and H. cordobae,
respectively) but representatives of Cyanobacteria,
Chlorophyta, Euglenozoa, Dinozoa and Ciliophora were
also recorded, the last one only in H. cordobae diet. In a
smaller proportion, plant tissue, reproductive structures of
fungi and rotifers were found in the diet.

The analysis of the diet of tadpoles of R. arenarum and
H. cordobae revealed that the abundance of consumed
algae was very different, with greater algal density in
the gut of H. cordobae larvae (Fig. 1). In the diet of

Fig. 1. Range-abundance curves of taxa recorded in the diet of
Rhinella arenarum and Hypsiboas cordobae. The number of
individuals is represented by cm’ Genera with abundances
higher than 1% are indicated.

R. arenarum the abundance of the most common genera
was less than 50.000 individuals cm?, while in larvae of
H. cordobae the abundance of the most consumed genera
was above the 100.000 individuals cm?, 2x the consumed
by the other species. It was also observed that the
composition of the diet of each species was different,
with different dominant species (Fig. 1). In the diet of
R. arenarum the most abundant genera were Nitzschia sp.
and Achnanthidium sp., representing almost 40% of the
diet composition. However, in the diet of H. cordobae
in addition to the genera mentioned for R. arenarum,
Navicula sp., Euglena sp., filamentous cyanobacteria and
ciliates became important.
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Fig. 2. Structural attributes of the algal community in the diet of
Rhinella arenarum (black) and Hypsiboas cordobae (white)
tadpoles. Means and standard errors are shown.

As to the structural attributes of the algal community
consumed by the tadpoles a greater algal abundance
was observed in the diet of H. cordobae (Kruskal-Wallis,
H=6.56; P<0.01, Fig. 2). The diversity, evenness and
richness in the diet showed no significant differences
between species (diversity, Fjj9=0.001; P=0.97; even-
ness, Fjj9=2.37; P=0.15 and richness Fjjo=3.74;
P =0.08). However, the rarefaction technique revealed
that the diversity and richness of consumed algae in
the diet showed significant differences between species
(diversity, F,o9=14.26; P <0.001; richness F,q=3.74;
P <0.05).

The proportion of individuals of each guild in the diet
of the two species was different (£ ;5=3.91; P <0.05 for
H. cordobae and F> 15 =25.12; P <0.0001 for R. arenarum,
Fig. 3(a)), with a higher proportion of motile organisms
and low profile in H. cordobae and motile organisms in the
diet of R. arenarum. However, the density of motile
organisms in the diet of H. cordobae was higher, but may
be due to the great variability of this variable no significant
differences were found (Kruskal-Wallis, H =8.84;
P=0.19, Fig. 3(b)).

The diet of R. arenarum showed greater abundance of
taxa of size classes 1 and 3 (Kruskal-Wallis, H = 20.02;
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Fig. 3. Proportion (a) and density (b) of the organisms of
morphological guilds: high profile (H), low profile (L) and motile
(M) in the diet of Rhinella arenarum (black) and Hypsiboas
cordobae tadpoles (white).
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Fig. 4. Density and proportion of organisms for the different size
classes (C—Cs, C; being the smallest) in the diet of Rhinella
arenarum and Hypsiboas cordobae tadpoles. Means and standard
errors are shown. Letters show the results of post-hoc tests, mean
values with the same letter are not significantly different.

P <0.01; Fig. 4); higher proportion of class 3 (60%)
followed by organisms of size 1 (26%) (Fios=280.37;
P <0.001). Similar results were found for the diet of
H. cordobae, with greater abundance and proportion of
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organisms of size classes 1 and 3 (Kruskal-Wallis for
abundance, H=2891; P<0.05 and for proportions,
H =19.05; P <0.001), each of these size classes accounting
for around 40% of the diet.

The general niches overlap was high (GO =0.964)
and the specific overlap indicated that R. arenarum
overlapped intermediately to H. cordobae (SO =0.612),
while H. cordobae had a low overlap on the diet
R. arenarum (SO = 0.187).

The mean values, standard deviation, minimum
and maximum for the physico-chemical variables were:
electrical conductivity (uS)=1531.32 +831.87 (2.56—
1991); salinity (ppm) = 434.97 + 446.02 (1.32-957); total
dissolved solids (ppm)=109.09 +21.96 (1.05-878);
pH=8.64+0.24 (8.13-8.94); water  temperature
°C =22.72+4.18 (16-26.5). This showed that the envir-
onment presented strong variations in the studied period,
mainly due to the difference between maximum and
minimum values of variables.

Discussion

The tadpoles of species, R. arenarum and H. cordobae,
was found to coexist spatially but with variation in the use
of trophic niche. The taxonomic composition of the diet of
both species was different, and tadpoles of H. cordobae
consumed a greater number of organisms. Furthermore,
there were differences in the proportion of morphological
guilds represented in the diet of each species. R. arenarum
consumed greater proportion of motile algae, mainly
represented by Nitzschia sp. Instead, in the diet of
H. cordobae a higher proportion of motile algae were
observed, represented by Nitzschia sp., Navicula sp.,
Euglena sp. and ciliates, and of low profile algae, mainly
due to the abundance of Achnanthidium sp.

The trophic spectrum of tadpoles was in agreement
with that of other species of benthic and nektonic
tadpoles, mainly composed of animal remains, plant
remains, diatoms and sediment (Lajmanovich and
Fernandez, 1995; Arana et al., 2003; Echeverria et al.,
2007; Bionda et al., 2012, 2013). However, differences in
resource use, type and size of prey consumed reported by
the present paper suggested how species are structured to
coexist in the same environment. In addition, this work
represents one of the first contribution to the knowledge of
the diet of syntopic amphibian larvae and its relationship
to the architecture of periphyton.

The observed differences in the diet of these two species
could be explained by differences in morphology (con-
formation of the buccal apparatus and buccopharyngeal
cavity) and ecomorphological class assigned according to
Altig and Johnston (1989) and McDiarmid and Altig
(1999), where R. arenarum belongs to benthic group and
H. cordobae to nektonic. R. arenarum larvae were
observed grouped on plant debris floating in the water
body, while larvae of H. cordobae swam through the water
column. In this sense, Duellman and Trueb (1986) stated
that partitioning of resources among anuran species may

be due to differences in their position in the water column,
a consequence of morphological adaptations for exploita-
tion of specific microhabitats.

Moreover, Rossa Feres et al. (2004) argued that the
anuran species differ in their ability to ingest particles of
different sizes, which can be another cause of partitioning
of resources. However they found that the particle size did
not explain the selection of food. Similarly, in our study
both species consumed larger proportion of small algae,
with less than 600 um? biovolume, because most consumed
genera, and also the most abundant in the environment,
corresponded to these size categories (Navicula, Nitzschia
and Achnanthidium).

The general trophic niche overlap between diets was
high, in agreement with other studies (Pavignano, 1990;
Rossa Feres et al., 2004). A high overlap could be due to
the competition between species by use of common
resources and limited, or lack of competition or a non-
selective foraging strategy, thus the most frequent items in
the environment will be the most frequent items in the diet
(Peltzer et al., 2010). Both scenarios are possible and
additional data on resource availability and species
interactions are needed for assessing trophic competence
(Peltzer et al., 2010). As to specific overlap, our results
showed that R. arenarum overlaid their diet intermediately
with H. cordobae, while H. cordobae presented a low
overlap on the diet of R. arenarum, suggesting that there is
a partitioning of the food grade. Other authors have
reported a high overlap in diets of larval amphibians;
however Lajmanovich (1997, 2000) established that space
and time can be much more important than resource
partition in organizing tadpoles’ communities. In this
sense, both species could coexist as there is a significant
temporal partition between their larval periods. The larvae
of the genus Hypsiboas that inhabiting the mountains of
central Argentina have a very long larval period, finding
larval forms during the spring, summer, fall and even
winter (Palermo, 1985). For its part R. arenarum larvae,
possess a more limited larval period, between spring and
early summer (Cei, 1980). These characteristics suggest a
significant temporal partition; however, H. cordobae
would have a greater overlap in the larval cycle of
R. arenarum than vice versa. However, further studies
could analyze the survival and development of these
larvae, and ultimately assess the success in the larval
recruitment, as well as the degree of overlap or competi-
tion between both species.

Availability of prey has proven to be one of the
most important factors determining the diet of amphi-
bians, but resources are complex to measure and generally
not included in studies of diet of anurans (Peltzer et al.,
2010). The semi-quantitative analysis of periphyton of
the sampling site, that provided us an estimate of the
availability of food in the ponds, revealed a low algal
density, dominated by a few genera of algae. This is
consistent with that recorded in the gut contents of the
larvae and, as there were no preferences for some food
items, confirms that their diets are good indicators
of abundance and species composition of the



216 F. E. Pollo et al.: Ann. Limnol. - Int. J. Lim. 51 (2015) 211-217

environment (Lajmanovich and Fernandez, 1995; Bionda
et al., 2012).

Different studies demonstrate that grazing anurans
larvae influences the periphyton, thereby acting as eco-
system engineers (Kupferberg, 1997; Mallory and
Richardson, 2005; Connelly et al., 2008, 2014). This
influence might be negative, as a result of the elimination
of algae by direct grazing causing changes to the species
composition of periphyton community, or positive, due to
an increase in the surface area available for periphyton can
colonize given the removal of detritus and adhered matter
(Baffico and Ubeda, 2006; Holomuzki et al., 2010).

In both species intestinal contents presented a pre-
dominance of microalgae characteristics of anthropic
environments, as some species from genera Navicula and
Nitzschia, indicators of environmental conditions in
various water bodies (Diaz Quiros and Rivera Rondoén,
2004; Bionda et al., 2012), are resistant to high electrical
conductivity and organic contamination (Ramirez and
Plata Diaz, 2008; Yucra and Tapia, 2008). The predomi-
nance of the genus Euglena could indicate elevated content
of organic matter in these ponds (Fabrizi, 2010). However,
taxa reported by Arana er al. (2003) in the diet of
H. cordobae of the high mountains of central Argentina
are characteristic of environments slightly modified by
human activity.

This study represents a first approach to the assessment
of food ecology in syntopic species of amphibians and
their relationship with the periphyton in the region,
therefore constitutes a significant contribution to the
theoretical framework in ecology of neotropical tadpoles.
Further research is required about the food availability
in natural and impacted environments. The importance
of using the diet of larval amphibians as indicators of
environmental quality and adaptation strategies of
species to their environment is highlighted, as well as the
overlap in diets as an indicator of the degree of competi-
tion or differentiation of trophic niches in syntopic species.
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