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Abstract. Agriculture can modify natural systems through habitat loss and fragmentation, as well as through the
effect of agrochemicals on biological traits such as reproduction. We studied anuran diversity and reproduction of
assemblages from 3 sites with different degrees of agricultural activities (an agroecosystem, a transitional area, and
a natural forest) located in Entre Rios province (Argentina). We conducted several field surveys during 2 soybean-
cropping periods from November 2006 to April 2008. A total of 23 anuran species were identified. Richness, evenness
and diversity differed among sites. No range-abundance models were statistically adequate to describe the distribution
of abundances within the agroecosystem, whereas the anuran species from the other 2 sites fitted the normal logarithmic
model. The location and substrates used for nuptial calling in ponds, as well as the reproductive periods of anuran
species varied among sites. These findings might respond to a combination of factors, such as anuran composition,
species abundances, availability of reproductive microhabitats, and variation of microclimatic characteristics among
sites, the agroecosystem being the most different anuran reproductive community. Finally, our results suggest that
agricultural land use have adverse effects on the reproduction of anurans in central-eastern Argentina.

Key words: breeding activity, amphibians, agroecosystem, Entre Rios, Argentina.

Resumen. La agricultura puede modificar los sistemas naturales mediante la fragmentacion y pérdida de habitat,
como también debido al efecto de los agroquimicos sobre rasgos bioldgicos tales como la reproduccion. Se estudio
la diversidad y la reproduccion en 3 comunidades de anuros provenientes de sitios con distintos grados de actividad
agricola (un agroecosistema, una area de transicion y un bosque natural) de la provincia de Entre Rios (Argentina). Se
realizaron inspecciones a campo durante 2 periodos entre la siembra y la cosecha de soja, desde noviembre de 2006
hasta abril de 2008. Se identificaron 23 especies de anuros. La riqueza, la equitatividad y la diversidad difirieron entre
sitios. La distribucion de abundancias dentro del agroecosistema no se ajustoé a ningun modelo rango-abundancia. La
ubicacion y los sustratos utilizados para vocalizar por las especies como también sus periodos reproductivos variaron
entre sitios. Estos resultados podrian responder a una combinacion de factores tales como composicion de anuros,
abundancia de las especies, disponibilidad de microhabitats reproductivos y variaciones microclimaticas entre sitios,
siendo el agroecosistema la comunidad reproductiva mas diferente. Finalmente, se sugiere que el uso de la tierra para
la agricultura tendria efectos adversos sobre la reproduccion de los anuros en el centro-este de Argentina.

Palabras clave: periodos reproductivos, anfibios, agroecosistema, Entre Rios, Argentina.

Introduction

Agricultural intensification has led to a drastic
transformation of the landscape, soil depletion and the
acceleration of irreversible erosion processes (Sans, 2007).

Recibido: 23 agosto 2012; aceptado: 06 marzo 2013

Agriculture can alter natural systems basically in 2 ways:
a) through direct effects on biological diversity in general
(e.g., Fahrig, 2003; Firbank et al., 2008) and amphibian
diversity in particular (e.g., Hecnar and M’Closkey, 1998;
Peltzer et al., 2006), such as habitat loss and creation of
isolated fragments by conversion of natural habitats to
arable land (e.g., Joly et al., 2001; Grau et al., 2005), and
b) through indirect effects, particularily the deleterious



Revista Mexicana de Biodiversidad 84: 912-926, 2013
DOI: 10.7550/rmb.32842

impact of the use of agrochemicals on wildlife (e.g., Smith
et al., 2000; Khan and Law, 2005). We still lack a solid
understanding of the consequences of the many forms of
structural habitat change for amphibians, as well as the
effect of more indirect factors (Gardner et al., 2007).

Agricultural activities have been associated with
declines of amphibian populations (Sparling et al., 2001;
Davidson and Knapp, 2007). Several species breed within
or around agricultural areas that are usually exposed to
pesticides, and consequently, their larvae may come in
contact with these contaminants at some point in time
during their development (Peltzer et al., 2003, 2006).
Accordingly, adults exposed to xenobiotics with endocrine
disruptive activity have shown evidence of reproductive
dysfunction, such as testicular dysgenesis in males (sex
reversal, skewed sex ratios, hermaphrodites, intersex
gonads, disrupted spermatogenesis, altered testicular
morphology and gonadal development) (e.g., Edwards et
al., 2006; Hayes et al., 2010), and delayed oviposition,
increased egg size and decreased egg fertility in females
(Pickford and Morris, 2003).

Despite the need to know if amphibian breeding biology
is affected in areas exposed to pesticides, little is known
about breeding activity in agricultural landscapes (Knutson
et al.,, 2004). In central-eastern Argentina, glyphosate-
tolerant-soybean (Glycine max L.) is the dominant crop,
with pesticides generally applied in spring and summer,
during the amphibian breeding period (Peltzer and
Lajmanovich, 2007). Field evidence indicates that runoff
and pesticide drift alter temporary and permanent ponds
adjacent to agroecosystems, which are essential sites for
anuran reproduction (Peltzer et al., 2008).

The aim of this study was to provide baseline data
on the diversity and reproduction of anuran assemblages
in sites with different degrees of agricultural activity in
Argentina: an agroecosystem, a transitional area without
agriculture but adjacent to monoculture zones, and a
natural forest site.

Materials and Methods

Study area. The study area selected is one of the most
important agricultural systems in Argentina. It is located
in the central-eastern part of the country, to the south-west
of the Entre Rios province. Three different sampling sites
were chosen: an agroecosystem, a transitional area, and a
natural forest (Fig. 1). The agroecosystem site (AG) is a
field cultivated with soybean (Glycine max (L.) Merril)
situated in Diamante department (23 ha; 32°06’12.3” S,
60°37°17.5” W). The soybean field is under direct seeding
(soybean in spring-summer, and wheat in autumn-winter),
with at least 5 years of activity. Soybean is sown in

913

November/December and harvested in March/April. A
natural water course crossing the soybean field forms a
small wetland (0.5 ha).

The transitional area (TA; 32°07°17.6” S, 60°38°02.2”
W) is located between the agroecosystem and the natural
forest site; because of its slope, this site is directly
exposed to the pluvial runoff from the soybean fields. The
transitional area selected was located in the continental
zone of the Pre-Delta National Park (PDNP). The PDNP is
a wetland reserve (2 458 ha), belonging to the Parana River
floodplain, close to the mouth of Parana Delta, which
includes a continental zone as well as several islands
(Acefiolaza et al., 2004). This reserve is 2 km away from
the agroecosystem.

The natural forest site selected (NF; 32°07°30.7” S,
60°38°11.6” W), the most pristine area within the PDNP,
was located in the island region of PDNP. This sector is
preserved from human impact and no exposure to direct
runoff of agrochemicals is expected. The lower zones in
NF site showed a typical vegetation of flooding areas
(Acefiolaza et al., 2004).

Field survey periods. We conducted field surveys during
the anuran breeding season in the study region (Peltzer
and Lajmanovich, 2007). Surveys comprised 2 sampling
periods: @) first period: from November 2006 to May
2007, and b) second period: from December 2007 to April
2008. These 2 periods also coincided with the soybean
sowing and harvest periods (Quintana and Lopez Anido,
2010). The methodology used for each study objective is
explained below.

Composition and diversity of anuran communities. We used
3 methods to record amphibian activities at each sampling
site: /) dry pitfall traps (Greenberg et al., 1994), which were
distributed in 2 transects separated by 50 m and consisted
of 5 plastic traps spaced at 10 m intervals. Each trap
was a 20-L plastic bucket and the bottom was maintained
wet with a sponge to prevent desiccation (Greenberg
et al., 1994); 2) nocturnal searches, which consisted in
simultaneous visual encounter surveys (Crump and Scott,
1994) and audio strip transects (Zimmerman, 1994). We
conducted 4 searches per month, inspecting all sites at
the same night and spending at least 1.5 hour-person per
site, and 3) searches of tadpoles with the use of net-mesh
(U.S. EPA, 2002). A minimum of 1.5 person hour was
spent searching each site and all surveys were conducted
by one only person (L.C. Sanchez). We carried out at
least 2 searches for tadpoles per month, always during
the day, using the dip net sweep sampling method, with a
randomized walk design that involved a sequential series
of compass directions (U.S. EPA, 2002). For amphibian
nomenclature we followed Frost et al. (2006), Lavilla et
al. (2010a, 2010b), and Pyron and Wiens (2011).



914

Sanchez et al. - Anuran breeding activity in agroecosystems

Figure 1. Location of study sites in Diamante, south-western Entre Rios province, central-eastern Argentina, southern South
America. A), agroecosystem (back) and wetland formed by the natural water course (front). B), pond of the transitional area, with
the agroecosystem at the back, on the hill. C), water body in the natural forest site, in the island region, and at the bottom, the ridges
with remnant riparian forest. AG, agroecosystem; TA, transitional area; NF, natural forest.

Breeding activity of anuran species. Three aquatic
habitats, 1 per site, were studied. The AG water body was
a permanent pond formed by a natural water course that
crosses the field. The TA water body was a permanent
pond, and the NF water body was a semi permanent pond
(Table 1). In all cases, the vegetation of flooded areas was
the typical vegetation of aquatic ecosystems (Acefiolaza
et al., 2004).

To record calling activities, 4 searches were made per
month across all ponds between twilight (19:00 h) and
midnight (24:00 h), spending at least 1.5 hour at each site.
A scoring criterion (calling index) was established for the
types of male calling per species: 1= individual calls are not
overlapping; 2= calls are overlapping, but individuals are
still distinguishable; 3=numerous individuals can be heard,
chorus is constant and overlapping (U.S. EPA, 2002). The
calling activity of those species that did not vocalize at the
selected sites was monitored in a qualitative way, according

Table 1. Characteristics of the aquatic sites studied (mean +
standard deviation) in agroecosystem (AG), transitional area
(TA) and natural forest (NF) sites

Location of  Length (m) Width (m) Maximum
water body depth (cm)
AG 15340 £ 5.77 38.80 £4.58  32.20 + 6.09
TA 80.80 £ 14.66 5420 +10.92 36.80 £ 6.58
NF 78.60 £43.61 8.90+4.03 26.00+13.85

to Bertoluci and Rodrigues (2002). For each anuran male
detected in calling activity, we recorded the following
variables: location in the pond (centre, edge, flooded land
periphery, land periphery), type of substrate (e.g., grasses,
caves, marsh plants, trees, bare soil), and height in the
vegetation (measured with a stick in cm). Moreover, to
analyze the influence of environmental variables over
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calling activity of males, we considered 3 environmental
variables: /) mean monthly river level (obtained from
Prefectura Naval Argentina Sede Diamante, 3 km from
the studied sites), 2) mean monthly air temperature, and 3)
mean monthly rainfall (both obtained from the automatic
meteorological station of CICY TTP-CONICET, Diamante
City, 6 km from the study area). During these nocturnal
surveys, a visual category was also established (visual
index): 1= 1 to 3 individuals can be seen; 2= 4 to 10
individuals can be seen; 3= more than 10 individuals can
be seen.

Additionally, to complete the analysis of breeding
activity of anuran species, we considered the results of
the searches of tadpoles previously described as evidence
of reproduction. The number of sample points during the
search of tadpoles and the number of record points in the
audio-visual nocturnal surveys were determined according
to pond length. For this purpose, we developed our own
formula:

Number of points= (MTL + ecotone x 2)/ point diameter

where MTL value is maximum total length of the water
body; the ecotone considered was 10 m; and the point
diameter was 10 m to avoid recording the same individual
twice. Transitional zones between terrestrial and aquatic
ecosystems (ecotones) are areas through which surface
and subsurface hydrology connects water bodies with their
adjacent uplands (Zaimes et al., 2010). These typically
exhibit characteristics quite different from the adjacent
vegetation types (Clary and Medin, 1999). In our study,
the ecotone considered was 10 m, according to the width
of the terrestrial-aquatic transition occupied by distinctive
vegetation.

The tadpoles that could not be identified in the field were
collected and reared in the laboratory until metamorphosis.
Then, tadpoles were euthanized and fixed according to the
guidelines of ASIH et al. (2004) for further identification.
The remaining tadpoles were released at the collection
site.

Data analysis. Anurans captured in pitfall traps were
standardized according to trapping effort (i.e., anurans/
trap), following the criterion of Fitzgerald et al. (1999).
Diversity (H) was calculated by Shannon-Weaver
diversity index (Shannon and Weaver, 1949), using natural
logarithms. Evenness (E) was calculated using Magurran’s
equation (Magurran, 1988). Richness (S) was estimated
as the number of species that occurred in each site
(Moreno, 2001). To compare species richness, diversity
and evenness among sites, regardless of the sample size,
the rarefaction model proposed by Sanders (1968) and
corrected by Hurlbert (1971) and Simberloff (1972) was
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used. The samples were rarefied to the smallest sample
size. The richness, diversity and evenness values were
obtained for 13 abundance classes (50, 100, 150, 200, 250,
300, 350, 400, 450, 500, 550, 600, and 649 individuals).
Subsequently, the values were compared among sites with
the non-parametric Kruskall-Wallis test (Hgy, following
Duré et al., 2008), and multiple comparisons (in pairs),
which are based on differences between the means of the
ranges, as described in Conover (1999).

To assess anuran abundance, adults, juveniles and
tadpoles recorded with the 3 field methods were considered
(pitfall traps, nocturnal searches, and searches of tadpoles).
For the case of anuran abundance recorded during nocturnal
searches, we estimated the calling rank and visual rank by
summing the calling and visual indices recorded for each
species at each site (following Pope et al., 2000).

Community composition for each site was characterized
by means of the rank-abundance models. These models
have been used to assess the degree of habitat disturbance
and to determine the successional stage (Aguirre Calderon
et al., 2008). For each site, we investigated which of the
most common models (geometric, logarithmic, normal
logarithmic, and broken stick) presented the best fit to the
observational data by means of the Chi-square test (Duré
et al., 2008) using PAST software (Hammer et al., 2001).
A p> 0.05 value was used as a criterion for accepting the
null hypothesis, i.e., that the distribution is consistent with
the tested model (Magurran, 1988).

To classify the reproductive modes, we used Lavilla
classification (2004) for Argentine anurans, and the
generalized reproductive modes according to Duellman
and Trueb (1986) and Haddad and Prado (2005).

We calculated the microhabitat breadth (Bj) with
regard to call substrates according to Levins (1968) and
Heyer (1976), using the following formula: Bj= XPij 2,
where Bj is the amplitude of the microhabitat of species
j- The smaller values indicate greater niche breadth. Pij is
the proportion of the species j that was observed calling
in microhabitat i, i.e., the proportion of calling individuals
recorded in each microhabitat used by the species with
respect to all of the observations (Pij= nij/Nj). Likewise,
we considered the location of each species in the pond;
type of substrate and height in the vegetation to calculate
the frequency distribution of anuran vocalization sites,
according to Rossa-Feres and Jim (2001).

Temporal breeding activity of anurans was assessed
using a principal coordinate analysis (PCoA). At each site
(AG, TA and NF), the original data matrix considered all
reproduction evidences across the period studied (presence
of vocalizations, amplectant pairs, spawning, and tadpoles
in each month). First, we calculated the Jaccard similarity
index (Magurran, 1988) between each pair of species with



916

the formula: C=j /(a + b - j), where j are the reproduction
evidences shared by the 2 species considered, a are the
reproduction evidences found in species A, and b are the
reproduction evidences in species B. Then, we calculated
the associated distance index as 1-C;. Finally, the distance
matrix was employed to run the PCoA with InfoStat demo/
Profesional (Infostat, 2006) using Euclidean distances.

To test the association among environmental variables
and number of species with calling males per month, we
performed Spearman correlation (rs), because data were
not normal (following Afonso and Eterovick, 2007). A
non-parametric Friedman test was used to compare the
mean monthly calling activity (average calling indices
recorded per month) among sites (AG, AT, AP), for
each species. When necessary, we performed a posteriori
multiple comparisons with a significance level of 0.05
(Conover, 1999).

Finally, to assess the similarity of reproductive anuran
assemblages, a cluster analysis was performed. The original
matrix considered all evidences of reproduction across the
studied sites (AG, TA and NF). We used the unweighted
pair group method (Upgma) based on Jaccard similarity
index. The software used was InfoStat demo/Profesional
(Infostat, 2006).

Results

Composition and diversity of anuran communities. A
total of 23 anuran species belonging to 11 genera of 5
families were found at the study sites. Some species were
exclusively recorded in AG (Pseudopaludicola falcipes)
or NF (Hypsiboas raniceps). Two species were detected
both in AG and TA (Bufo arenarum and Odontophrynus
americanus) and other 6 species occurred in both TA and
NF (B. schneideri, H. punctatus, Pseudis limellum, Scinax
acuminatus, S. berthae, and Trachycephalus typhonius).
The remaining 13 species were present in all the sites
(Tables 2, 3).

In each of the 3 sites studied, Hylidae and
Leptodactylidae were the main families present (Table 3).
Hylidae showed the greatest variation in species occurrence
among sites, with 5 species recorded in AG (31.25%), 10
in TA (47.62%) and 11 in NF (55.00%). Seven species
of the family Leptodactylidae were recorded in AG and
6 in TA and NF, which accounted for 43.75% of those
species recorded in AG, 28.57% in TA, and 30% in NF.
On the other hand, 2 species of Bufonidae were present
in AG (12.50%), 3 in TA (14.29%), and 2 in NF (10%).
The families Microhylidae and Odontophrynidae had the
lowest representation, each one with a single species. The
former family was present in the 3 sites, and the latter, in
only AG and TA (Fig. 2).

Sanchez et al. - Anuran breeding activity in agroecosystems

Table 2. Summary of anurans’ total estimated abundance (N),
richness (R), evenness (E) and diversity (H) in agroecosystem
(AQG), transitional area (TA) and natural forest (NF) sites, south-
western Entre Rios province, Argentina

AG T4 NF
N 809 649 657
R 16 21 20
E 0.87 0.78 0.79
H 241 2.39 2.35

A ) 6.25% 12.50%
31.25%
43.75%
B
4.76% 14.28%
28.57%
Cc

£ Bufonidae B Hylidae O Leptodactylidas B Microhylidae ll Odontophrynidae

Figure 2. Percentage relative frequencies of anuran families
recorded in the study sites. A), agroecosystem. B), transitional
area. C), natural forest.

The number of species was significantly different
among sites (Table 2; Hgw= 14.70, p= 0.0006). Richness
was significantly lower in AG than in TA and NF sites
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Table 3. Anuran breeding characteristics according to reproductive modes, and spatial and temporal distribution in south-western
Entre Rios province, Argentina. Sites: agroecosystem in black, transitional area in grey, natural forest in white. Numbers are the
vocalizations shown by the sum of monthly values of auditory categories. A, amplectant pair; S, spawning; T, tadpoles; C, calling
activity not-quantified outside the study sites. Comparison of mean monthly calling activity among sites by means of Friedman test.
Letters in bold indicate statistically significant values (p< 0.05)

Abundance Reproductive modes Reproductive period Friedman test
per site
Species AG TA NF Argentinian Generalized NOV DEC JAN FEB MAR APR MAY X° P
anurans modes
Bufonidae i ) o
Not recorded in breeding activity
Bufo arenarum 1 3 —
B. fernandezae 45 130 76 7 1 AST2 1 T 3.20 0.2019
T AST3 T S
B. schneideri — 9 1 7 1 2.00 0.3679
1
Hylidae

Dendropsophus nanus 13 111 80 6 1 T22 AT25 T7 8.36 0.0153
AT6 T19 2 7
1 1 22 8 1

D. sanborni 66 95 65 6 1 4 14 T32 T9 7 7.71 0.0211
ATIO T16 4
1 2 T1 C 15 AT30
Hypsiboas pulchellus 113 72 94 6 1 C 6 6 20 2 229 03176
1 8 19 7 14
H. punctatus — 19 5 6 1 C 4 2 4 4 6.50 0.0388
2
H. raniceps — — 19 6 1 8.00 0.0183
12 1 1 1
Pseudis limellum — 6 2 2 1 2 T1 1 C 6.00 0.0498
T T
Scinax acuminatus — 1 16 6 1 1 8.86 0.0119
3 T T2 1 2
S. berthae — 1 1 6 1 C 1 2.00 0.3679
T
3 T4 3
S. nasicus 26 30 19 6 1 TT T3 T9 T 0.35 0.8382
T3 TI T2 T
S. squalirostris 20 32 36 6 1 2 6 T8 T3 4 0.07 0.9672
1 Al2 T1 T5 1 1
Trachycephalus typhonius — 3 7 3 1 1 1 3.00 0.2232
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Table 3. Continues

Leptodactylidae

Leptodactylus chaquensis 17 9 8 8 8
L. gracilis 102 15 13 13 21
L. latinasus 140 21 1 13 21
L. latrans 26 58 153 8 8
L. mystacinus 110 7 9 13 21
Physalaemus albonotatus 7 1 4 8 8
Pseudopaludicola falcipes 27 — — 6 1
Microhylidae

Elachistocleis bicolor 19 24 48 3 1
Odontophrynidae

Odontophrynus americanus 77 2 — 1 1

Sanchez et al. - Anuran breeding activity in agroecosystems

1 1 4.00 0.1354
2 6 1 7.30 0.0260
2 7 1 1
1 1 5 2 12.25 0.0022
1
? 1 - 0.00 1.0000
TC 1 1
1 T3 T7 T7 T1 T
C 4 C 9.33 0.0094
2 4 2
2 T1
C 3.00 0.2232
2
4.00 0.1354
1 6 T1
T AT7 3.20 0.2019
S T
T T T2 T1 T1
6.00 0.0498

(Conover multiple comparisons: p= 0.0002 and p= 0.01
respectively). On the other hand, both evenness and
diversity showed significant differences among sites
(Hgw= 25.35, p= 0.00005; Hgw= 16.62, p= 0.0002,
respectively). Evenness in AG was significantly higher
than in TA and NF sites (Conover multiple comparisons:
p= 0.00001 and p= 0.00002 respectively), and species
diversity was significantly higher in AG than in TA and
NF groups (Conover multiple comparisons: p= 0.04 and
p= 0.00005 respectively). Furthermore, diversity in TA
was greater than in NF (p= 0.04).

Estimated abundance of anurans was 2 115 individuals
(adults, juveniles and tadpoles), with 809 individuals
recorded in AG, 649 in TA, and 657 in NF (Table 2).
The more abundant species in AG were H. pulchellus,
Leptodactylus gracilis, L. latinasus, L. mystacinus and O.
americanus. The dominant species both in TA and NF
were B. fernandezae, Dendropsophus nanus, D. sanborni,

H. pulchellus, and L. latrans (Table 3).

No model turned out statistically adequate to describe

the distribution of abundances in AG; however, data were
closest to normal logarithmic series (X*=7.391, p=0.025).
The best fit, both in TA and NF sites, was obtained with
the normal logarithmic model (TA: X?= 1.507, p= 0.825;
NF: X%= 1.200, p= 0.753), followed by the geometric
model (TA: X?= 9.691, p= 0.8822; NF: X°= 16.61, p=
0.3429).
Breeding activity of anuran species. Evidence of
reproduction by 22 anuran species was found at the 3
study sites. The lowest number of taxa observed with
evidence of reproduction was recorded in AG (N= 14). In
TA and NF N= 18 and N= 19 species, respectively, with
reproductive activity were found (Table 3).

Most species were recorded reproducing in the 3 sites,
suchas B. fernandezae, D. nanus, D. sanborni, H. pulchellus,
S. nasicus, S. squalirostris, L. gracilis, L. latinasus, L.
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latrans, L. mystacinus, Physalaemus albonotatus, and
Elachistocleis bicolor. Scinax acuminatus, S. berthae,
H. punctatus, P. limellum, and T. typhonius were found
reproducing both in NF and TA sites. On the other hand,
some species were recorded in breeding activity only in
1 site, such as P. falcipes and O. americanus in AG, L.
chaquensis in TA, and B. schneideri and H. raniceps in
NF (Table 3).

From the 16 reproductive modes (RM) described by
Lavilla (2004), 7 were observed in this study (Table 3):
RM 2, eggs are individually laid, adhered to submerged
vegetation; RM 3, eggs are scatter-deposited in a continuous
layer on water surface; RM 6, eggs are deposited in
spherical gelatinous clusters attached to submerged plants
or objects; RM 7, eggs are deposited in a jelly-like strand
at the bottom of the water body; RM 8§, eggs are deposited
in a floating foam nest; RM 13, eggs are deposited in
terrestrial foam nests, in depressions, cracks or structures
specially built in the mud, and generally in flooded areas
or near water. RM 6 was the most prevalent in all sites
(AG= 42.9%, TA= 44.4%, NF= 47.4%). Reproductive
modes in which eggs are laid inside foam nests (8 and
13) were ranked second in terms of the proportion of
species that used them (AG= 35.7%, TA= 33.3%, NF=
26.3%). RM 1 and RM 2 were the least common in the
anuran assemblages analyzed. RM 1 was only observed
in AG (7.14%), whereas RM 2 was absent in AG and was
represented by 5.6% in TA and 5.3% in NF. On the other
hand, of the 29 reproductive modes described by Duellman
and Trueb (1986), 3 were recorded in the study sites (RM
1, RM 8, and RM 21), RM 1 being the most abundant in
all sites (AG= 64.3%, TA= 66.7%, NF= 73.7%).

The most frequent anuran location in the reproductive
ponds was the flooded land periphery in AG (38.86%), and
the pond edge in TA (43.35%) and NF (49.22%). Males
used several substrates when calling (Table 4). The most
frequent substrates were caves (38.50%) and branches of
marsh plants over water (32.30%) in AG, and floating
plant branches (TA= 15.63%, NF= 44.83%) and marsh
plant branches over water (TA= 43.75%, NF= 23.28%) in
TA and NF. The most frequent vegetation height used for
calling was between 0 and 10 cm in all sites (Table 4).

The lowest values of Bj index (< 0.5) corresponded to
species with higher amplitude of microhabitat with respect
to substrates used during calling activity. These species
were H. pulchellus, S. nasicus, P. albonotatus, and E.
bicolor in AG, S. squalirostris and E. bicolor in TA, and
D. nanus, H. pulchellus, S. acuminatus, S. squalirostris,
and T. typhonius in NF (Fig. 3).

Considering all evidences of reproduction during the
2 breeding seasons and among the 3 sites, we recorded
reproductive activity in each month when surveys were
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Table 4. Frequency distribution of anuran vocalization sites
from the ponds studied in south-western Entre Rios province,
Argentina. Sites: AG, Agroecosystem; TA, Transitional Area;
NF, Natural Forest. Numbers in italics indicate the sample size
for each site

Frequency distribution

(%)

Calling sites AG TA NF

Location in the pond 229 173 128

Centre of pond 9.61 578  19.53
Edge of pond 26.64 4335 49.22
Flooded land periphery 38.86 2486 3.91

Land periphery 2489 26.01 27.34
Type of substrate 226 160 116

Australian tank 0.44 0.00 0.00
Floating in open water 8.85 5.00 5.17
Floating plant branches 0.00 15.62 44.83
Grass on water 9.73 6.25 0.00
Grass on ground 4.87 0.00 0.00
In caves 38.50 1375 1293
Marsh plant branches over water 3230 4375 23.28
Marsh plant branches over ground  0.44 938 11.21
Tree 1.77 5.62 1.72
Bare soil 3.10 0.62 0.86
Vegetation height (cm) 183 124 70

0-10 8525 66.94 5429
11-20 1.64 887 1143
21-30 3.28 7.26 7.14
31-40 1.09 3.23 1.43
41-50 2.19 4.03 7.14
51-60 1.64 0.00 1.43
61-70 0.00 0.81 0.00
71-80 0.00 0.00 1.43
81-90 0.00 0.00 0.00
91-100 1.09 1.61 5.71

> 100 3.83 7.26  10.00

conducted, and found a minimum of N= 1 species in
May and a maximum of N= 20 in February, followed
by December and January with N= 19 breeding species
in each one. When the reproductive period of species in
each site was analyzed, differences were observed (Table
3). Five reproductive periods were observed: /) species
with reproductive activity throughout the sampled period,
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Figure 3. Amplitude of microhabitat for types of substrate used for calling activities (Bj) in the species recorded in the agroecosystem
(black circles), transitional area (grey circles) and natural forest (white circles). BF, B. fernandezae; BS, B. schneideri; DN, D. nanus;
DS, D. sanborni; HP, H. pulchellus; HPU, H. punctatus; HR, H. raniceps; PL, P. limellum; SA, S. acuminatus; SB, S. berthae; SN,
S. nasicus; SS, S. squalirostris; TT, T. typhonius; LC, L. chaquensis; LG, L. gracilis; LL, L. latinasus; LLA, L. latrans; LM, L.
mystacinus; PA, P. albonotatus; PF, P. falcipes; EB, E. bicolor; OA, O. americanus.

from November to May; 2) in late spring and summer; 3)
in summer; 4) in summer and early fall; 5) during a short
period, for 1 or 2 months but not consecutive (Fig. 4). The
number of species with reproductive period 2 decreased
(from 5 to 2 species) and the number of species with
periods 3 and 5 increased (from 4 to 8 and from 1 to 7
species, respectively) from AG to NF sites (Fig. 4).

On the other hand, the number of species with calling
males per month was positively correlated with the mean
of monthly air temperature in the 3 sites (AG: rs= 0.903,
p= 0.0001; TA: rs= 0.804, p= 0.0016; NF: rs= 0.814,
p=0.0013), and the monthly accumulated rainfall in AG
and TA (rs= 0.702, p= 0.0109 and rs= 0.699, p= 0.0115,
respectively).

The most active species in terms of calling activity
(calling rank > 15) in AG were D. sanborni, H. pulchellus,
S. squalirostris, L. gracilis, L. latinasus, L. mystacinus,
and P. falcipes. In TA, the species with high calling
activity were D. nanus, D. sanborni, H. pulchellus, and S.
squalirostris, whereas in NF, the same 4 species and H.
raniceps had high calling activity.

The mean of monthly calling activity showed

significant differences among sites in 10 of the 22 species
found vocalizing (Table 3). Conover multiple comparisons
revealed that in AG this variable differed significantly (p
<0.05) from the other 2 sites for D. nanus, L. latinasus,
L. mystacinus and O. americanus, whereas AT exhibited
differences from AG and NF in D. sanborni and P.
limellum. Differences between NF and the remaining
sites (AG and TA) were recorded for H. raniceps and S.
acuminatus, whereas in H. punctatus and L. gracilis the
mean of monthly calling activity differed only between
AG and TA.

The high similarity in composition of breeding anurans
occurred between TA and NF (Jaccard distance= 0.78).
AG was the most different anuran reproductive community
(Jaccard distance from AG to TA and NF node= 0.98).
The cluster Cophenetic Coefficient Correlation value was
1.000.

Discussion

In this study, the results obtained for anuran species
composition, species diversity and abundance, reproductive
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Figure 4. Ordination by PCoA of the temporal distribution of
the 22 breeding anurans recorded in south-western Entre Rios
province, Argentina. A), agroecosystem. B), transitional area.
C), natural forest. Reproductive periods: period 1, double-dot-
dashed line; period 2, solid line; period 3, dotted line; period 4,
dot-dashed line; period 5, dashed line. See references of species
from Fig. 3 legend.
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microhabitat use, and temporal breeding activity in 3 types
of land use indicate that agricultural land use can alter the
structure of anuran assemblages and has an effect on the
breeding ecology of species in south-western Entre Rios
province, Argentina.
Composition and diversity of anuran communities. The
presence of Hylids was highly variable among sites,
possibly due to its arboreal habitat requirement (Gallardo,
1980). The AG site has structurally uniform elements and
reduced environmental complexity; these 2 factors can
influence the presence of some spatial guilds, particularly
arboreal anurans, which are more prone to local decline
in response to landscape changes (Peltzer et al., 2006).
Therefore, the reduced occurrence of woody vegetation in
AG could negatively influence hylid presence. Likewise,
Attademo et al. (2005) and Peltzer et al. (2005) suggest
that terrestrial and semi-aquatic species would be better
represented than arboreal and aquatic species in agricultural
areas. This might explain the presence of several species of
the families Bufonidae and Leptodactylidae in AG site.

AG site showed the lowest species richness of the 3
sites; however, the highest evenness of species recorded in
AG seems to have offset their low richness by exhibiting
a high species diversity value. Interestingly, most of the
studies conducted so far in Argentina reported a decrease in
species diversity in the area near soybean fields compared
to the pristine forest areas (e.g., Peltzer et al., 2005, 2006).
The highest diversity of anurans in AG found in our study
could be explained by the development of some natural
vegetation as a consequence of the presence of natural
water courses in the AG environment, which would provide
shelter to some species of amphibians (Bonin et al., 1997;
Weyrauch and Grubb, 2004). Another explanation for the
high diversity found in AG may be that this community is
at an intermediate successional stage (Connell, 1978).

Peltzer etal. (2006) proposed that the species commonly
found in soybean matrices are those that rapidly adjust
to non-forested open habitats. These species are able to
exploit the modified habitat and therefore can have a
stable population size or even increase their numbers in
these environments. These are called invading species by
Gascon et al. (1999). In this sense, P. falcipes was found
only in AG site, and it was defined by Peltzer et al. (2005)
(following Gascon et al., 1999) as an invading species of
modified areas with a higher abundance in these kinds of
habitats than in pristine areas. We suggest that L. gracilis,
L. latinasus, L. mystacinus and O. americanus would also
be invading species, because of their high abundance in
AG site in relation to the PDNP sites (TA and NF).

The distributions in AG site did not fit any range-
abundance model employed in the study, whereas for the
2 PDNP sites the range-abundance model was best fitted
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by the normal logarithmic series. This suggests that PDNP
sites would have communities in dynamic equilibrium
since they present environments that are not subjected to
human activities or disturbances (Moreno, 2001), in which
random variation of a great number of regulatory processes
of community ecology will result in normal distribution of
number ofindividuals perspecies (Magurran, 1988; Moreno,
2001). On the other hand, the highest species evenness
recorded in AG would indicate that AG community,
as mentioned above, is at an intermediate successional
stage, whereas TA and NF could reflect a situation
closer to climax, where competitive exclusion permits
a greater dominance of certain species (Connell, 1978).
Breeding activity of anuran species. The distribution
of breeding species among sites may respond to the
composition of the anuran community of each site (Afonso
and Eterovick, 2007). In some species no reproductive
evidences were observed, such as in B. schneideri and O.
americanus in TA, L. chaquensis in AG and NF, and B.
arenarum in AG and TA. The absence of reproductive
evidences in those sites could be a consequence of the
low local abundances of the 4 species observed, which
could reduce the encounter rate of reproductive evidences
(Boquimpani-Freitas et al., 2002; Prado and Pombal,
2005).

Of the 7 reproductive modes recorded (Lavilla, 2004),
MR 6 was the most common (45.5%); similar proportions
were recorded for the 3 sites analyzed. MR 6 seems to be
the most frequent reproductive mode in wetlands of Parana
River (Peltzer and Lajmanovich, 2007; Sanchez et al.,
2009). Hodl (1990) stated that environmental factors, like
relatively high humidity and temperature, are important
to permit the evolution of more specialized reproductive
modes, such as MR 6. Moreover, the compactness of the
outer jelly matrix that characterized this mode may also
play an important role in the protection from pathogens
(Gomez-Mestre et al., 2006), dehydration, thermal shock,
and could even help to preserve the spherical egg shape
(McDiarmid and Altig, 1999) and retain the aquatic
pollutants (Marquis et al., 2006).

On the other hand, diverse places and types of substrates
were used for reproduction by anurans in the study sites.
Sanchez et al. (2009) found similar results and suggested
that spatial segregation would allow syntopic anurans
to coexist in a breeding pond. Besides, we observed
differences in AG from TA and NF in terms of locations
and calling substrates, which would also be a consequence
of the differential composition of species in the amphibian
communities studied. The Hylidae species (about 50%
in TA and NF) could indicate the habitat preferences
of vocalization in these 2 communities, whereas other
families, e.g. Leptodactylidae, had the highest number of
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species in AG and could influence the proportion of sites
chosen for the calling activity in this site. Accordingly,
the burrowing species of the family Leptodactylidae often
vocalize from their caves built on the land surrounding
the pond or from the edge of the water body on plants
present (e.g., Oliveira Filho and Giarreta, 2008; Sanchez
et al.,, 2009), whereas Hylidae species usually vocalize
from inside the pond or at its edge, and on branches of
vegetation (e.g., Rossa-Feres and Jim, 2001; Sanchez et
al., 2009). These results are in agreement with the trends
we observed.

The microhabitat breadth index (Bj) responds to the
substrate variety used by calls and the proportion that each
one represents in the total observations (Heyer, 1976). It
is known that microhabitat diversity used in amphibians is
influenced by their availability in the environment (Cardoso
et al., 1989; Eterovick et al., 2010), which in turn could be
affected by vegetation type and degree of anthropogenic
disturbance (Santos et al., 2008). Furthermore, the co-
existence with a different group of species (competitors,
predators, etc., not proven in this study) in each local
assemblage may also influence reproductive microhabitat
use (Eterovick etal., 2010). This would explain the different
Bj values obtained for some species (B. fernandezae, D.
nanus, S. acuminatus, T. typhonius, L. latinasus, L. latrans
and P. albonotatus) in the sites analyzed (AG, TA and
NF).

The months with the highest number of reproductive
evidences (vocalizations, amplexus, eggs and tadpoles)
were December, January and February, which is consistent
with results found by Lajmanovich (2000) in the Middle
Parana. Five reproductive periods were observed and
interestingly, the number of species with reproductive
period 2 decreased and the number of species with
periods 3 and 5 increased from AG to NF sites. These
differences among sites may respond to several interacting
factors: a) composition of anuran communities in each
site (Afonso and Eterovick, 2007); b) abundance of the
species at each site, which affects their detectability
(Prado and Pombal, 2005); for example, L. latinasus
was present at the 3 sites with highest abundance in AG;
¢) structure of plant communities, since the structurally
complex vegetation has been associated with high levels
of reproductive activity in anurans (Agiiero et al., 2010),
possibly by providing greater availability of vocalization
and oviposition sites (Vasconcelos et al., 2009; Oliveira
and Eterovick, 2010). Moreover, vegetation reduces
the risk of predation during calling activities (Martin et
al., 2006); d) variation in microclimatic characteristics
among sites, which could influence the temporal breeding
pattern in amphibian species (Arzabe, 1999; Afonso and
Eterovick, 2007). In this sense, breeding and foraging
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habitats in agricultural fields have an increased exposure
to solar radiation, which causes increases in air and soil
temperature and decreases in humidity (Saunders et al.,
1991; Karraker and Welsh, 2006). This could further affect
activity patterns in the agricultural fields. Furthermore, it is
noteworthy that the water bodies in AG and TA exhibited
a permanent hydroperiod, whereas the NF pond was semi
permanent. Arzabe (1999) emphasized the influence of
hydroperiod and water availability on the reproductive
activity of anurans. This author recorded the same species
that showed dissimilarities in calling activity patterns in 2
different sites.

From the 22 recorded species, 10 showed significant

differences among sites in mean monthly calling activity.
Theseresults mightrespond toacombination of factors, such
as composition of anuran communities, species abundance
and its effect on detectability, structural complexity of
vegetation and its influence on reproductive microhabitat
availability, and variation of microclimatic characteristics
among sites. This interaction of factors could lead to
differences among sites in terms of reproductive periods
of amphibians.
Conclusions. Functional diversity, represented by
ecological attributes of species (e.g., habitat preferences,
reproductive activity, and reproductive modes) is a better
predictor of environmental health than species diversity
by itself (Ernst et al., 2006), because species are lost from
areas subjected to anthropogenic disturbance when their
ecological requirements are no longer met (De Souza and
Eterovick,2011). Accordingly, the present study shows that
both reproductive microhabitat use and breeding periods
are modified in the agricultural site, suggesting that land
use for agriculture has an effect on the breeding ecology
of amphibians in central-eastern Argentina. Considering
the present results, and in order to protect all environments
within PDNP (continental and island areas) from negative
effects of agricultural activities conducted in nearby areas,
we recommend establishing a buffer zone or peripheral
damping area for the Park (according to Neumann, 1997)
to preserve wildlife and enhance conservation values of the
protected area. Further studies are necessary to continue
evaluating possible plasticity in reproductive strategies and
ecological responses to different environmental variables
over long periods, to incorporate other variables in the
analysis of the ecological risk for amphibians (Lajmanovich
et al., 2010) produced by conversion of native ecosystems
to soybean cropping areas.
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