the journal of

v’

Check List

LISTS OF SPECIES

Check List 12(6): 1998, 19 November 2016  doi: http://dx.doi.org/10.15560/12.6.1998
ISSN 1809-127X ©2016 Check List and Authors

Amphibians of northwestern Buenos Aires province, Argentina:
checklist, range extensions and comments on conservation

Maria G. Agostini”**, Pablo E. Saibene?, Ignacio Roesler® and David Bilenca'

1 Grupo de Estudios sobre Biodiversidad en Agroecosistemas. Instituto de Ecologia, Genética y Evolucién de Buenos Aires. Universidad de
Buenos Aires/Consejo Nacional de Investigaciones Cientificas y Tecnoldgicas. Departamento de Biodiversidad y Biologia Experimental,
Facultad de Ciencias Exactas y Naturales, Pabell6n II, Ciudad Universitaria (C1428EHA), Buenos Aires, Argentina

2 Conservacién de Anfibios en Agroecosistemas. Calle 50 442, La Plata (1900), Buenos Aires, Argentina

3 Laboratorio de Ecologia y Comportamiento Animal. Instituto de Ecologia, Genética y Evolucién de Buenos Aires. Universidad de Buenos
Aires/Consejo Nacional de Investigaciones Cientificas y Tecnol6gicas. Facultad de Ciencias Exactas y Naturales, Pabell6n II, Ciudad

Universitaria (C1428EHA), Buenos Aires, Argentina
Corresponding author. E-mail: gabrielaagostinil8@gmail.com

Abstract: Northwestern BuenosAiresprovinceislocated
within the Pampas region of Argentina. Agricultural
practices have extensively modified native grasslands in
arelatively short period, leaving no intact pristine areas.
Based on data collected between 2006 and 2015 at 153
ponds in agricultural landscapes, we compiled an anno-
tated list of the amphibians of northwestern Buenos
Aires province. We report 13 extant species of amphib-
ians, which represent 43% of the known amphibian
diversity in Buenos Aires province, and extend the
ranges of three species. Three species found only in her-
petological collections extend the list to 16 species. Our
study is the first long-term survey of amphibians con-
ducted in this part of Argentina and provides valuable
information for future conservation actions across agri-
cultural landscapes.

Key words: Pampean region; Inland Pampas;
agricultural landscapes; long-term survey

INTRODUCTION

Northwestern Buenos Aires province lies within the
Inland Pampa, one of the ecological units of the Pam-
pas (Ledn et al. 1984). The Pampas region, with an area
of ca. 540,000 km? occupies the center of Argentina
and includes Buenos Aires, La Pampa, Cérdoba, San
Luis, Santa Fe and Entre Rios provinces (Soriano et al.
1992). The continuing replacement of natural grassland
by agro-ecosystems has created a complex mixture of
agricultural landscapes dominated by pastures and crop-
lands, leaving no intact pristine areas (Ledn et al. 1984).
The last remaining patches of semi-natural habitats
are small, isolated, and frequently found in unproduc-
tive or marginal places such as roadsides, railway lines,
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or around lakes (Leén and Burkart 1998; Bilenca and
Minarro 2004). Studies have shown that agricultural
practices cause loss of biodiversity and ecosystem ser-
vices, as well as negative impacts on the quality of soil
and the general quality of wetlands (Medan et al. 2011;
Caride et al. 2012; Brandolin and Blendinger 2016). The
homogenization of landscapes and contamination pro-
duced by pesticides and fertilizers are the main threats
affecting biodiversity in the Pampas region (Herrera et
al. 2013).

Inland Pampa is characterized by sandy soils with
scattered ground elevations and grass-covered dunes.
There are no natural streams or rivers in the region and
the only wetlands are temporary ponds and permanent,
mostly saline lakes (Soriano et al. 1992). The fauna of
Inland Pampa is poorly known compared to other parts
of the Buenos Aires province; this is true not only for
amphibians, but also for other groups such as birds and
mammals (Narosky and Di Giacomo 1993; Teta et al.
2010; Gonzalez-Fischer et al. 2012; Abba et al. 2015).
Available information on the amphibian communities of
northwestern Buenos Aires province is scarce and decades
old (Barrio 1964, 1965; Gallardo 1965, 1970, 1974), all
of it before major agriculturization began in the 1990s
(Bilenca et al. 2009). Recently, detailed information on
one species (Agostini and Roesler 2011) and a taxonomic
list of all amphibians from Buenos Aires province have
been published (Williams 1991). Excluding these two
publications, most of the information for Buenos Aires
province comes from comprehensive amphibian inven-
tories conducted in protected areas (Pereyra and Haene
2003; Williams and Kacoliris 2009; Agostini et al. 2012)
and other sites in the northeastern and eastern areas
of the province (Kacoliris et al. 2006; Agostini 2012), at
least 450 km away from our study area.
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Amphibians are highly sensitive to any habitat modi-
fication and represent the prime example of the modern
biodiversity crisis because they are one of the most threat-
ened and rapidly declining vertebrate groups (Pounds
et al. 2006). Habitat loss and pesticide contamination,
both related to agricultural practices, are mentioned as
some of the major threats causing amphibian decline
worldwide (Blaustein et al. 2011). Studies focusing on
biodiversity are essential to our understanding of both
the current effects of agricultural activities and possible
future impacts (Weyland et al. 2014).

Here, we present a comprehensive list of the amphib-
ians of northwestern Buenos Aires province, based on
both field data and scientific collections. We also report
range extensions for three species.

MATERIALS AND METHODS
Study site

The study area is located within the Inland Pampa
and includes 12 departments of northwestern Buenos
Aires province: Carlos Tejedor, Daireaux, Florentino
Ameghino, General Villegas, Guamini, Lincoln, Pehuajo,
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Leptodactylus gracilis

Leptodactylus latinasus Physalaemus biligonigerus

Pseudopaludicola falcipes

Scinax granulatus Elachistocleis bicolor

Figure 1. Maps of the study area, localities of species distribution limits in the study area and range extensions. A. Study area. Darker grey area repre-

sents the departments (=Carlos Tejedor, Daireaux, Florentino Ameghino, General Villegas, Guamini, Lincoln, Pehuajé, Pellegrini, Rivadavia, Salliqueld,

Trenque Lauquen and Tres Lomas) in Buenos Aires province (light grey area) where the amphibian surveys were conducted between 2006 and 2015.

B-D: Maps showing the species with distribution limits in the study area (orange border). E-G: Maps showing distributional extensions (blue border).

New localities records are shown with black circles and nearest previous records are shown with grey circles.
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Pellegrini, Rivadavia, Salliquel6, Trenque Lauquen,
and Tres Lomas (Figure 1A). The climate is sub-humid,
with an annual rainfall gradient ranging from 900
to 600 mm, decreasing east to west. Mean annual
temperature is ca. 16°C with a slight decrease in the
same direction, and a large disparity between summer
and winter temperatures, ranging from ca. 24°C to 8°C,
respectively (Bilenca and Miflarro 2004). The soil has a
sandy composition that facilitates excessive drainage,
although during extremely wet periods floods are
frequent (Viglizzo and Frank 2006).

Data collection

We monitored amphibians from 2006 to 2015. In each
year, we surveyed at least three times per season in both
spring (October to December) and summer (December
to February), totaling 173 survey days per year. Because
natural grasslands in the area are extremely scarce,
we sampled 153 ponds in with agricultural areas (61
pastures, 82 soybean fields, and 10 rural roadways).
Sampling was restricted to breeding sites, at which
we employed auditory and visual methods for species
detection (Heyer et al. 1994) during the night (between
approximately 2200 hrs and 0200 hrs). We conducted
surveys primarily during favorable wet periods, spe-
cifically before heavy rainfall that is coincident with
high amphibian activity (Canavero and Arim 2009). To
complement these auditory and visual surveys, we also
sampled anuran tadpoles in 67 ponds using a quantita-
tive method, utilizing 20 cm diameter hand nets with
1-mm mesh and 1-m passing rates for tadpole capture
(Heyer et al. 1994).

Adult specimens were identified using general
literature (Cei 1980) and specific descriptions for Scinax
granulatus and S. nasicus (Kwet 2001). To identify
reproductive calls, we used both Straneck (1993) and
our own recordings. For larvae identification, we
followed Kehr and Williams (1990) and Kehr and Duré
(1995). We also relied on expert verification through
the Herpetological Collection of the La Plata Museum
(La Plata, Argentina). Specimens were deposited at the
Herpetological Collection of the La Plata Museum, with
collection authorized by Direccién de Flora y Fauna,
Ministerio de Asuntos Agrarios Provincia de Buenos
Aires (Expedient number 225500-11319/10).

To assess the efficiency and completeness of our
inventory within the study area, we fit two asymptotic
species accumulation models to our species accumula-
tion data, the linear dependence model and the Clench
model (Soberon and Llorente 1993). The species accu-
mulation curve was obtained by taking the number of
survey nights as sampling effort and the number of spe-
cies recorded. To eliminate the influence of the order in
which nights were added to the total, sample order was
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randomized 100 times using EstimateS software V 9.1.0
(Colwell 2000). For both models, we used a non-linear
regression (Sigma Stat; Jandel Corporation 1995).

To complement our species list, we visited the three
major Argentine herpetological collections, at Museo
Argentino de Ciencias Naturales (MACN), La Plata
Museum (MLP), and Centro Nacional Patagénico
(CENPAT). We followed the systematic arrangement
proposed by Frost (2015); species listed as sp., gr. (group
of species), cf. (confer) or aff. (affinis) were excluded.

RESULTS

The amphibian list of northwestern Buenos Aires
province includes 16 species (Table 1), 13 species was
confirmed by 10 years of amphibian surveys (Figure 2)
and three from herpetological collections.

Class Amphibia
Subclass Lissamphibia
Order Anura

Family Bufonidae

Rhinella arenarum (Hensel, 1867), Common Toad
(Figure 2A)

Rhinella arenarum was commonly found in modi-
fied areas, mostly suburban places and around human
settlements. We also recorded reproductive chorus and
tadpoles in artificial ponds and roadside ditches during
October and November.

Table 1. Species account. S: species found in our surveys. HC: species from
herpetological collections.

Species Voucher S HC
Bufonidae

Rhinella arenarum (Hensel, 1867) MLP A5745 X X
Rhinella fernandezae (Gallardo, 1957) X X
Ceratophrydae

Ceratoprhys ornata (Bell, 1843) X X
Hylidae

Hypsiboas pulchellus (Duméril & Bibron, 1841) MLP A5159; X X

A5744; A5746

Scinax granulatus (Peters, 1871) X X
Scinax nasicus (Cope, 1862) MLP A5781 X
Pseudis minuta Gunter, 1858 X

Leptodactylidae

MLP A5782 X
MLP A5157 X
MLP A5158 X

Leptodactylus gracilis (Duméril & Bibron, 1840)
Leptodactylus latinasus Jiménez de la Espada, 1875
Leptodactylus latrans (Steffen, 1815)

Leptodactylus mystacinus (Burmeister, 1861)

Physalaemus biligonigerus (Cope, 1861) MLP A5161 X

X X X X X X

Physalaemus fernandezae (Mller, 1926)

Pseudopaludicola falcipes (Hensel, 1867) MLP A5754-55 X

Microhylidae

Elachistocleis bicolor (Guérin-Méneville, 1838) MLP A5783-84 X

Odontophrynidae

Odontophrynus americanus (Duméril & Bibron, 1841)  MLP A5160 X X
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Figure 2. Species of amphibians recorded in field surveys. A) Rhinella arenarum; B) Rhinella fernandezae; C) Ceratophrys ornata; D) Odontophrynus ameri-
canus; E) Leptodactylus gracilis; F) Leptodactylus latinasus; G) Leptodactylus latrans; H) Physalaemus biligonigerus; 1) Pseudopaludicola falcipes; J) Hypsiboas
pulchellus; K) Scinax granulatus; L) Scinax nasicus; M) Elachistocleis bicolor.

@ Check List | www.biotaxa.org/cl 4 Volume 12 | Number 6 | Article 1998



Agostini et al. | Amphibians of northwestern Buenos Aires province

Rhinella fernandezae (Gallardo, 1957), Bella Vista Toad
(Figure 2B)

Rhinella fernandezae was abundant in croplands and
pastures. We recorded adults and tadpoles at every
survey throughout the study area.

Family Ceratophrydae

Ceratoprhys ornata (Bell, 1843), Horned Frog (Figure 2C)

Ceratoprhys ornata was recorded in flooded grasslands
and shallow artificial wetlands. We recorded tadpoles
in a pond from General Villegas department during
February.

Family Hylidae

Hypsiboas pulchellus (Duméril and Bibron, 1841),
Common Treefrog (Figure 2J)

Hypsiboas pulchellus was recorded frequently (most
of sampling events). Adults and tadpoles were found in
semi-permanent ponds, artificial wetlands and roadside
ditches, always when deep water (more than 1 meter)
and emergent vegetation was present.

Scinax granulatus (Peters, 1871), unnamed treefrog
(Figure 2K)

Scinax granulatus was found only at implanted forest
patches. We recorded two males vocalizing in a pine
patch in a rural area of Pehuaj6é department (vocaliza-
tions were recorded, but no specimens collected) and
also several individuals were located at vegetated ponds
of General Villegas, Trenque Lauquen, Lincoln and Tres
Lomas departments.

Scinax nasicus (Cope, 1862), Lesser Snouted Treefrog
(Figure 2L)

Scinax nasicus was uncommon within the study area.
We only recorded tadpoles once (November 2015)
in a pond located within a soybean field in Lincoln
department.

Pseudis minuta Ginter, 1858 Lesser Swimming Frog

Pseudis minuta was only mentioned based on speci-
mens held at herpetological collections. This species was
not recorded during our surveys.

Family Leptodactylidae

Leptodactylus gracilis (Duméril and Bibron, 1840),
Dumeril’s Striped Frog (Figure 2E)

Leptodactylus gracilis was an abundant species during
our studies. We recorded adults, juveniles, reproductive
chorus and tadpoles throughout the study area from
October to February. This species mostly occurs in
croplands and it reproduces principally in shallow ponds
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related to crops.

Leptodactylus latinasus Jiménez de la Espada, 1875,
Oven Frog (Figure 2F)

Leptodactylus gracilis was an abundant species during
our studies. We recorded adults, juveniles, reproductive
chorus and tadpoles throughout the study area from
October to February. This species mostly occurs in
croplands and it reproduce mainly in shallow ponds
related to crops.

Leptodactylus latrans (Steffen, 1815), Criolla Frog
(Figure 2G)

Leptodactylus latrans was a common species during
our studies. We recorded adults, juveniles, reproductive
chorus and tadpoles in all the sampled departments
of the study area. Although it often occurs in ponds
in pastures, we also recorded reproductive chorus in
artificial roadside ditches.

Leptodactylus mystacinus (Burmeister, 1861),
Moustached Frog

Leptodactylus mystacinus was only represented in the
study area by specimens held at herpetological collections.
We did not record this species during our surveys.

Physalaemus fernandezae (Miiller, 1926),
Whistling Dwarf Frog

Leptodactylus fernandezae was only present by
specimens held at herpetological collections. We did not
record this species during our surveys.

Physalaemus biligonigerus (Cope, 1861),
Weeping Frog (Figure 2H)

Physalaemus biligonigerus was the most common
species in our study area occurring in sites whit dif-
ferent degrees of agricultural modification. We found
reproductive chorus in all types of wetlands (temporal,
permanents, natural and artificial ponds), flooded areas
and deep canals from October to February.

Pseudopaludicola falcipes (Hensel, 1867),
Hensel’s Swamp Frog (Figure 21)

Pseudopaludicola falcipes was an uncommon species
(two males detected) during our studies, and it was
found only in a shallow pond in a pasture plot in Pehuajé
department.

Family Microhylidae

Elachistocleis bicolor (Guérin-Méneville, 1838),
Two-colored Oval Frog (Figure 2I)

Elachistocleis bicolor was found in small ponds located in
pastures and croplands. We recorded two juveniles and one
female in Lincoln department during February 2015.
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Figure 3. Original and predicted amphibian species accumulation curves (Clench model and Linear dependece model). Results only for visual and

acoustic adult surveys (between 2006 and 2015) conducted in the northwestern Buenos Aires province.

Family Odontophrynidae

Odontophrynus americanus (Duméril and Bibron,
1841), Common Lesser Escuerzo (Figure 2D)

Odontophrynus americanus was a common species
that inhabits crops and pastures. We recorded tadpoles
and reproductive chorus in small ponds, flooded areas
and artificial wetlands next to the roads within October
to February.

Speciesaccumulation curvesand fitted modelsreached
an asymptote (Figure 3). Both species accumulation
models, the linear dependence model (a=4.68; b= 0.41;
r’= 0.92) and the Clench model (a=7.58; b= 0.59; r’=
0.99), fit the data very well. According to the lower
limits of both models, our amphibian inventory reached
a satisfactory level of completeness. At the level of
effort invested (nights surveyed), the linear dependence
model and the Clench model showed 98.3% and 100%
completeness respectively. Because we did not find
adults of Scinax nasicus, this species was not included
in our models and the total number of species observed
was 12 (Figure 3).

We found three species (L. gracilis, L. latinasus and
P biligonigerus) that reach their southern limit of
their ranges within our study area (Figure 1B-D); the
southernmost locality at which we found them was
near 30 de Agosto (36°19'57.9" S, 062°36'58.8" W). We
also found range extensions for three species (Figure
1E-G). We recorded P. falcipes in Pehuajé department
(36°17'05.5" S, 062°32'51.7" W) and S. granulatus males
in a nearby area of Pehuaj6 department (35°01'03.8" S,
061°56'24.9" W). Additionally, we recorded E. bicolor in
Lincoln department (34°53'23.53" S, 061°33'32.2" W).
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DISCUSSION

The species detected during our fieldwork represent
43% of the amphibian species previously recorded
in Buenos Aires province (Vaira et al. 2012). This low
species richness in the Inland Pampa has already been
mentioned for other groups of vertebrates (Pardifias
et al. 2010; Gonzalez Fischer et al. 2012). It has been
suggested that low species richness stems from the
natural retraction of the Brazilian fauna during the
Neopliocene (Ringuelet 1961). Another possible
explanation is that low richness is caused by human
activities (mostly agriculture) which have modified
the natural grasslands for 400 years (Rapoport 1996).
Regarding amphibians, several authors have noted that
low species richness is undoubtedly a consequence of the
climatic gradient between the Subtropical Domain and
the Pampasic Domain, characterized by the decreasing
levels of humidity and precipitation from east to west
(Gallardo 1974; Cei 1980; Ringuelet 1981). Additionally,
it is likely that the region’s long dry periods, as well as
the complete absence of natural streams and rivers,
may make difficult the dispersion of frogs and toads.
The lack of natural watercourses tends to be an obstacle
for organisms with low dispersion capacity (Vitt and
Caldwell 2014). However, we cannot dismiss the fact
that the agricultural practices taking place in the Inland
Pampas (causing habitatloss and aquatic contamination)
may have influenced amphibian diversity in recent
years. Several studies have reported that agricultural
impacts can lead to the impoverishment of biological
communities, reflected by the loss of the most sensitive
species (Peltzer et al. 2006; Agostini et al. 2013; Moreira
et al. 2016). In this regard, it is important to highlight
that species richness is higher in eastern Buenos
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Aires province at the same latitude as our study area
(Williams 1991; Agostini 2012), even though this area
is currently the most affected by agricultural activities
in Argentina (Viglizzo and Frank 2006). However,
annual precipitation there usually exceeds 1,000 mm
(Soriano 1992) and favors a higher amphibian species
richness compared to the Inland Pampa. We argue that
the climatic, hydrological, and edaphic characteristics of
the Inland Pampa could be the most important factors
for explaining its low amphibian diversity. Nonetheless,
studies involving biodiversity attributes besides species
composition are necessary to determine agricultural
impacts on amphibians in the Inland Pampa.

Species distribution limits in the study area

Several species reach the southern limits of their
distribution within our study area in concordance
with the maximum annual rainfall isohyets (600 and
700 mm) (Gallardo 1974; Cei 1980). This decrease in
precipitation may determine the southern limits of L.
gracilis and L. latinasus, because both species are typical
of flooded grasslands (Maneyro and Carrerira 2012). We
recorded L. gracilis and L. latinasus in the 30 de Agosto
area (Trenque Lauquen department); the closest known
records for L. gracilis are in Carlos Tejedor (MACN
HE 25249) and Tapalqué (MACN HE 2646). For L.
latinasus, there are museum specimens from Tapalqué
(MACN HE 28088), and also from Maracd, La Pampa
province (MACN HE 31676-31680). Thus, 30 de Agosto
becomes the southwesternmost distributional limit of
these species, while Tapalqué is the southernmost limit
(Figure 1B-C).

The distributional situation of P. biligonigerus is com-
plex and not easily summarized. The southernmost
museum record is Henderson, in Buenos Aires province
(MACN HE 35465-35472). In La Pampa province, this
species has been collected as far south as General Pico
(MACN HE 7098-7099), Catrilé (CNP.A 1454), and it has
been mentioned even further south in General Acha (Bar-
rio 1965). We found it in 30 de Agosto, which represents
its southernmost distributional limit (Figure 1D). We
found high numbers of reproductive choruses of P. bili-
gonigerus in the 30 de Agosto area, which suggests that
the southernmost limit is probably even further south.

Range extensions

The reproductive choruses of P. falcipes recorded
in Guanaco (Pehuaj6é department) represent a range
extension of approximately 153 km westward from
the previous known records (Figure 1E) in Buenos
Aires province in Bragado (MACN 9190, 9247, 9257),
Chivilcoy (MACN 9240), and Junin departments
(MACN 25752). Gallardo (1974) recorded this species
from 9 de Julio department, and although there are no
voucher specimens to support this, we believe that its
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presence there is likely.

The presence of S. granulatus in the Inland Pampa has
been confirmed recently (Agostini and Roesler 2011) and
we occasionally recorded it during strong summer rains
around General Villegas city. Furthermore, we recorded
calling males in a rural area of Pehuajé department. This
find represents a range extension of 140 km south from
General Villegas, the nearest previous locality (Figure
1F). The infrequency of detection in the area may suggest
recent colonization by this species, as already suggested
(Agostini and Roesler 2011).

Withregards to E. bicolor found in Lincoln department,
the closest known localities are Salto (MLP A3965-
GA36), Otamendi (MACN 39188), and San Nicolas
(MACN 5535-36). This represents a distributional range
extension of 135 km westward (Figure 1G).

Species present in herpetological collections but
not recorded during surveys

There are museum specimens of L. mystacinus
collected within the study area (MACN He25250, 30
de Agosto Town). Furthermore, there are specimens
collected in General Pico (MACN 18316, 19273, 19440-
41, 20995) and Santa Rosa (MACN 1268, 1319), both in
La Pampa province. Additionally, there are specimens of
P. fernandezae (MACN 29035-40) and P. minuta (MACN
20989-91) from 9 de Julio and Lincoln departments,
respectively. Both L. mystacinus and P. minuta have
broad distributional ranges and occur in varied habitats
associated with flooded grasslands, even in agricultural
lands (Cei 1980; Peltzer et al. 2006; Agostini et al. 2012;
Maneyro and Carreira 2012). Both, P. minuta and P.
fernandezae, occur in areas influenced by the Rio de La
Plata River and the Flooding Pampa in eastern Buenos
Aires province (Barrio 1965; Cei 1980; Williams 1991),
where maximum annual rainfall exceeds 1,000 mm
and the grasslands are frequently flooded (Soriano et
al. 1992). It is likely that the climatic and hydrological
characteristics of the Inland Pampa restrict the
occurrence of both species. After 10 years surveying the
area without new records of these species, we suspect
that the old records may represent vagrant individuals
associated with exceptional flooding (Viglizzo and
Frank 2006; Kuppel et al. 2015), and that these species
may have not have maintained permanent populations
in the area.

Conservation

We recorded Ceratophrys ornata several times during
wetter periods. We detected individuals in all life
cycle stages, including adult individuals dispersing,
vocalizing, and in amplexus as well as tadpoles and
juveniles. The frequency of detection in the area
was noticeably higher than at other sites in Buenos
Aires province, even compared to localities with high
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amphibian diversity (Pereyra and Haene 2003; Kacoliris
et al. 2006; Williams and Kacoliris 2009; Agostini et al.
2012). In addition to the population from northwestern
Buenos Aires province, we recently found several
populations inhabiting psammophil grasslands near
the Buenos Aires sea coast (M.G. Agostini, unpublished
data). This may suggest a preference for grasslands
on sandy soils, as reported in Uruguay (Maneyro and
Carreira 2012). Ceratophrys ornata is considered to be
nationally Vulnerable (Vaira et al. 2012) and globally
Near Threatened (Kwet et al. 2004). Habitat loss and
pesticide contamination caused by agricultural practices
are the main factors driving population declines (Vaira
et al. 2012). Because all of our records were made in
ponds in agricultural lands, we suggest that more
accurate studies are necessary to assess the contribution
of agricultural practices to population declines.

Recently, the construction of drainage channels that
draw water away from low-lying areas and conversion of
these areas into cropland has become new and important
threats to the local fauna. This practice is causing the loss
of large wetlands, as well as negatively changing natural
watersheds (Viglizzo and Frank 2006; Kuppel etal. 2015).
The lack of wetland connectivity can cause isolation
among populations, which tends to increase endogamy
processes, and may lead to possible local extinctions of
species (Storfer et al. 2014). However, these drainage
channels and other artificial wetlands hold water even
during dry periods when natural temporary ponds dried
out. Artificial wetlands in the Inland Pampa could act as
reservoirs for a high diversity of amphibians (Knutson
et al. 2004; Casas et al. 2011) as mentioned for other
arid regions where natural wetlands are scare or have
been modified through agriculture (Dahl 2011). Further
studies are needed to determine if the artificial wetlands
are suitable habitats for amphibian populations.

Since the 1980s, agriculture has become the main
economic activity of Buenos Aires province (Bilenca et
al. 2009). The switch from extensive cattle pastures to
intensive agriculture has generated a major change in
habitat complexity, with the complete loss of the last
patches of natural environment, mostly remnants of
the Pampean grasslands. It is now almost impossible
to assess the real effects of these environmental
changes on amphibian populations, mostly because
of the absolute lack of baseline data such as species’
abundances, seasonality, and reproductive behavior.
We believe our study will fill an important gap in the
knowledge of amphibians of Buenos Aires province and
will serve as the basis for further studies that are needed
to understand how amphibians respond to habitat loss
and fragmentation by the reduction of wetlands, and
to contamination by pesticides. This information is
essential for conservation planning and management.

@ Check List | www.biotaxa.org/cl

ACKNOWLEDGEMENTS

We would like to thank Idea Wild, The Neotropical
Grassland Conservancy, and CREOI for financial
support for fieldwork. Financial support was also
provided by Universidad de Buenos Aires (UBACyT,
GC 20020120100018) and CONICET (PIP 2014-2016
11220130100163 CO). Leandro Alcalde, Diego Barrasso,
Julidn Faivovich and Santiago Nenda provided
information from the herpetological collections at MLP,
CENPAT and MACN, respectively. We thank Nice Enrietti
for providing the photo of S. nasicus. We give special
thanks to the owners and workers of the agricultural
establishments that allowed access to their property,
particularly to Carlos Roesler, Viviana Rodriguez Robles,
Santiago Vignale, Jorge Buchanan, Secondary School 17
Juan José Paso, Ea. San Juan, and Nicolds Duhalde. Inés
Pereda (Aves Argentinas), Mea Trenor (EDGE Fellow,
ZSL), Bob Taylor and Rikki Gumbs (ZSL-EDGE) helped
us with the English version of the manuscript. Finally,
we thank to the two anonymous reviewers.

LITERATURE CITED

Abba A., M.E. Zufiaurre, M. Codesido and D.N. Bilenca. 2015. Bur-
rowing activity by armadillos in agroecosystems of central
Argentina: biogeography, land use, and rainfall effects. Agricul-
ture, Ecosystems and Environment 200: 54-61. doi: 10.1016/j.
agee.2014.11.001

Agostini, M.G. 2012. Las ranas y los sapos del fondo de tu casa.
Anfibios de agroecosistemas de La Plata y Alrededores. La Plata:
EDULP. 48 pp.

Agostini, M.G. and I. Roesler. 2011. Amphibia, Anura, Hylidae,
Scinax granulatus (Peters, 1871): distribution extension in central
Argentina. Check List 7: 112-113. doi: 10.15560/7.2.112

Agostini, M.G., PE. Saibene and D.A. Barrasso. 2012. Anfibios de la
Reserva Natural Punta Lara; pp. 63-75, in: I. Roesler and M.G.
Agostini (eds.). Inventario de los vertebrados de la Reserva
Natural Punta Lara, provincia de Buenos Aires, Argentina.
Buenos Aires: Aves Argentinas/AOP.

Agostini. M.G., E Kacoliris, P. Demetrio, G. Natale and A.E. Ronco.
2013. Abnormalities in amphibian populations inhabiting agro-
ecosystems in northeastern of Buenos Aires province, Argentina.
Diseases Aquatic Organisms 104: 163-171. doi: 10.3354/dao
02592

Barrio, A. 1964. Caracteres eto-ecoldgicos diferenciales entre Odon-
tophrynus americanus (Dumeril et Bibron) y Odontophrynus
occidentalis (Berg) (Anura Leptodactylidae). Physis 68: 385-390.

Barrio, A. 1965. El género Physalaemus (Anura, Leptodactylidae) en
la Argentina. Physis 70: 421-448.

Bell, T. 1843. Reptiles. In: C. Darwin (ed.). The zoology of the voyage
of the H.M.S. Beagle, under the command of Captain Fitzroy,
R.N., during the years 1832 to 1836. Volume 5. London: Smith,
Elder and Co.

Bilenca, D. and E. Mifiarro. 2004. Identificacién de Areas Valiosas de
Pastizal (AVPs) en las Pampas y Campos de Argentina, Uruguay y
sur de Brasil. Buenos Aires: Fundacién Vida Silvestre Argentina.
323 pp.

Bilenca, D., M. Codesido, C. Gonzalez Fischer and L. Pérez Carusi.
2009. Impactos de la actividad agropecuaria sobre la biodivers-
idad en la ecorregién pampeana. Buenos Aires: INTA. 42 pp.

Blaustein, A.R., B. Han, R.A. Relyea, PT.J. Johnson, J.C. Buck,
S.S. Gervasi and L.B. Kats. 2011. The complexity of amphibian

Volume 12 | Number 6 | Article 1998


http://dx.doi.org/10.1016/j.agee.2014.11.001
http://dx.doi.org/10.1016/j.agee.2014.11.001
http://dx.doi.org/10.15560/7.2.112
http://dx.doi.org/10.3354/dao02592
http://dx.doi.org/10.3354/dao02592

Agostini et al. | Amphibians of northwestern Buenos Aires province

population declines: understanding the role of cofactors in
driving amphibian losses. Annals of the New York Academy of
Sciences 1223: 108-119. doi: 10.1111/§.1749-6632.2010.05909.x

Brandolin, P.G. and P.G. Blendinger. 2016. Effect of habitat and
landscape structure on waterbird abundance in wetlands of
central Argentina. Wetlands Ecology and Management 24(1):
93-105. doi: 10.1007/s11273-015-9454-y

Burmeister, H. 1861. Reise durch die La Plata-Staaten mit besonderer
Riicksicht auf die Physische Beschaffenheit und den Cultur-
zustand der Argentinische Republik. Ausgefuhrt in den Jahren
1857,1858, 1859 un 1860. Volume 2. Halle: H. W. Schmidt.

Canavero, A. and M. Arim. 2009. Clues supporting photoperiod
as the main determinant of seasonal variation in amphibian
activity. Journal of Natural History 43(47-48): 2975-2984. doi:
10.1080/00222930903377539

Caride, C., G. Pineiro and M. Paruelo. 2012. How does agricultural
management modify ecosystem services in the argentine Pam-
pas? The effects on soil C dynamics. Agriculture, Ecosystems and
Environment 154: 23-33. doi: 10.1016/j.agee.2011.05.031

Casas, J., J. Toja, S. Bonachela, F. Fuentes, I. Gallego, J. Melchor, D.
Leon, P Penalver, C. Pérez and P. Sanchez. 2011. Artificial ponds
in a Mediterranean region (Andalusia, southern Spain): agricul-
tural and environmental issues. Water Environmental Journal
25(3): 308-317. doi: 10.1111/j.1747-6593.2010.00221.x

Cei, JM. 1980. Amphibians of Argentina. Monitore Zoologico
Italiano. Nuova Serie Firenze 2: 1-609.

Colwell, R.K. [2000]. EstimateS: Statistical estimation of species
richness. Version 9.1.0. Accessed at http://viceroy.eeb.uconn.
edu/estimates, May 2016.

Cope, E. D. 1861. Descriptions of new species of the reptilian genera
Hyperolius, Liuperus and Tropidodipsas. Proceedings of the Acad-
emy of Natural Sciences of Philadelphia 12: 517-518.

Cope, E.D. 1862. Catalogues of the reptiles obtained during the
explorations of the Parana, Paraguay, Vermejo and Uraguay
rivers, by Capt. Thos. J. Page, U.S.N.; and of those procured by
Lieut. N. Michler, U.S. Top. Eng., commander of the expedition
conducting the survey of the Atrato River. Proceedings of the
Academy of Natural Sciences of Philadelphia 14: 346-359.

Dahl, T. 2011. Status and trends of wetlands in the conterminous
United States 2004-2009. Washington, DC: US Department of
the Interior, Fish and Wildlife Service. 126 pp.

Duméril, A.M.C. and G. Bibron. 1840. Plate 13. d’Orbigny, A., and
G. Bibron eds., preprint of plate from “Voyage dans 'Amérique
Meéridionale (Le Brésil, La République Orientale de I'Uruguay,
La République Argentine, La Patagonie, La Republique du Chili,
La Republique de Bolivia, La République du Pérou), exécuté
pendant las annees 1826, 1827, 1828, 1829, 1830, 1831, 1832 et
1833. volume 5, Part 1”: Paris and Strasbourg, M. le Ministre de
I'Instruction Publique.

Duméril, A.M.C. and G. Bibron. 1841. Erpétologie genérale ou his-
toire naturelle compléte des reptiles. Volume 8. Paris: Librarie
Enclyclopedique de Roret.

Duméril, A.M.C. and G. Bibron. 1841. Erpétologie genérale ou
histoire naturelle compléte des reptiles. Volume 8. Paris: Librarie
Enclyclopedique de Roret.

Frost, D. [2015]. Amphibian species of the world, an online refer-
ence. Version 6.0. New York: American Museum of Natural
History. Accessed at http://research.amnh.org/vz/herpetology,
19 November 2015.

Gallardo, J.M. 1957. Las subespecies argentinas de Bufo granulosus
Spix. Revista del Museo Argentino de Ciencias Naturales Ber-
nardino Rivadavia. Zoologia 3: 337-374.

Gallardo, J.M. 1965. Consideraciones zoogeograficas y ecolégicas
sobre anfibios de la provincia de La Pampa, Argentina. Revista
del Museo Argentino de Ciencias Naturales. Ecologia 1: 57-77.

Gallardo, J.M. 1970. Estudio ecolégico sobre los anfibios y reptiles

@ Check List | www.biotaxa.org/cl

del sudoeste de la provincia de Buenos Aires, Argentina. Revista
del Museo Argentino de Ciencias Naturales. Zoologia 10: 27-63.

Gallardo, J.M. 1974. Anfibios de los alrededores de Buenos Aires.
Buenos Aires: EUDEBA. 231 pp.

Gonzalez-Fischer, C.M., G. Baldi, M. Codesido and D. Bilenca. 2012.
Seasonal variations in small mammal — landscape associations
in temperate agroecosystems: a study case in Buenos Aires
province, central Argentina. Mammalia 76(4): 399-406. doi:
10.1515/mammalia-2011-0113

Guérin-Méneville, EE. 1838. Iconographie du régne animal de G.
Cuvier ou représentation d’aprés nature de I'une des espéces les
plus remarquables et souvent non envore figurees, de chaque
genre d’animaux, avec un texte descriptiff mis au courant de la
science. Volume 3 (part—reptiles). Paris: J.B. Balliére.

Gunther, A.C.L.G. 1858. Neue Batrachier in der Sammlung des
britischen Museums. Archiv fiir Naturgeschichte. Berlin 24:
319-328.

Hensel, R.1867. Beitrage zur Kenntnis der Wirbelthiere Stidbrasilens.
Archiv fiir Naturgeschichte 33: 120-162.

Hensel, R.1867. Beitrige zur Kenntnis der Wirbelthiere Siidbrasilens.
Archiv fiir Naturgeschichte. Berlin 33: 120-162

Herrera, L.P,, JL. Panigatti, M.P. Barral and D.E. Blanco. 2013.
Biofuels in Argentina impacts of soybean production on wetlands
and water. Buenos Aires: Wetlands International. 231 pp.

Heyer, W.R., M.A. Donnelly, R.-W. McDiarmind, L.A.C. Hayer and
M.S. Foster. 1994. Measuring and monitoring biological diversity:
standard methods for amphibians. Washington, DC: Smithsonian
Institution. 349 pp.

Jiménez de la Espada, M. 1875. Vertebrados del Viaje al Pacifico
Verificado de 1862 a 1865 por una Comisién de Naturalistas Enviada
por el Gobierno Espariol. Batracios. Madrid: A. Miguel Ginesta.

Kacoliris, E, N. Horlent and J.D. Williams. 2006. Herpetofauna,
coastal dunes, Buenos Aires province, Argentina. Check List 2(3):
15-21. doi: 10.15560/2.3.15

Kehr, A.I. and J.D. Williams. 1990. Larvas de anuros de la Republica
Argentina. Monografia Asociacién Herpetologica Argentina 2:
1-44.

Kehr, A.I. and M.I. Duré. 1995. Descripcién de la larva de Scinax
nasica (Cope, 1862) (Anura, Hylidae). Facena 11: 99-103.

Knutson, M.G., W.B. Richardson, D.M. Reineke, B.R. Gray and S.E.
Weick. 2004. Agricultural ponds support amphibian populations.
Ecology Applied 14: 669-684.

Kuppel, S., S. Houspanossian, M.D. Nosetto and E.G. Jobbégy. 2015.
What does it take to flood the Pampas?: Lessons from a decade
of strong hydrological fluctuations. Water Resources Research
51(4): 2937-2950. doi: 10.1002/2015WR016966

Kwet, A. 2001. South Brazilian treefrogs of the genus Scinax and
remarks on the gender of the genus name and the taxonomic
status of Hyla granulata Peters, 1871. Salamandra 37: 211-238.

Kwet, A., G. Skuk, D. Silvano, E. Lavilla, I. di Tada and R. Lajmanovich.
2004. Ceratophrys ornata. The IUCN Red List of threatened
species. Version 2014.3. Accessed at http://www.iucnredlist.org/
details/56340/0, 1 November 2016.

Le6n, RJ.C. and S. E. Burkart. 1998. El pastizal de la Pampa
Deprimida: estados alternativos. Ecotropicos 11: 121-130. doi:
10.1127/phyto/12/1984/201

Leén, R.J.C., G.M. Rusch and M. Oesterheld. 1984. Pastizales pam-
peanos. Impacto agropecuario. Phytocoenologia 12: 201-218.
doi: 10.1127/phyto/12/1984/201

Maneyro R. and S. Carreira. 2012. Guia de anfibios de Uruguay.
Montevideo: Ediciones de la Fuga. 207 pp.

Medan, D., J. Torretta, K. Hodara, E. de la Fuente and N.H.
Montaldo. 2011. Effects of agriculture expansion and intensifica-
tion on the vertebrate and invertebrate diversity in the Pampas
of Argentina. Biodiversity Conservation 20(13): 3077-3100. doi:
10.1007/s10531-011-0118-9

Volume 12 | Number 6 | Article 1998


http://dx.doi.org/10.1111/j.1749-6632.2010.05909.x
http://dx.doi.org/10.1007/s11273-015-9454-y
http://dx.doi.org/10.1080/00222930903377539
http://dx.doi.org/10.1016/j.agee.2011.05.031
http://dx.doi.org/10.1111/j.1747-6593.2010.00221.x
http://viceroy.eeb.uconn.edu/estimates
http://viceroy.eeb.uconn.edu/estimates
http://research.amnh.org/vz/herpetology
http://dx.doi.org/10.1515/mammalia-2011-0113
http://dx.doi.org/10.15560/2.3.15
http://dx.doi.org/10.1002/2015WR016966
http://www.iucnredlist.org/details/56340/0
http://www.iucnredlist.org/details/56340/0
http://dx.doi.org/10.1127/phyto/12/1984/201
http://dx.doi.org/10.1127/phyto/12/1984/201
http://dx.doi.org/10.1007/s10531-011-0118-9

Agostini et al. | Amphibians of northwestern Buenos Aires province

Moreira, L.B, R.G Moura and L. Maltchik. 2016. Stop and ask for
directions: factors affecting anuran detection and occupancy in
Pampa farmland ponds. Ecological Research 31: 65-74.

Miller, L. 1926. Neue Reptilien und Batrachier der zoologischen
Sammlung des bayerischen Staates. Zoologischer Anzeiger 65:
193-200.

Narosky, T. and A.G. Di Giacomo. 1993. Las aves de la provincia
de Buenos Aires: distribuciéon y estatus. Buenos Aires. AOP/
Vazquez Mazzini Editores/LOLA. 203 pp.

Pardifas, U.EJ., P. Tetaand D. Bilenca. 2010. Roedores sigmodontinos
de la regién pampeana: una introduccién zoogeografica; pp.
37-57, in: J. Polop and M. Busch (eds.). Biologia y ecologia
de pequenios roedores en la regiéon pampeana de Argentina.
Coérdoba: Editorial Universidad Nacional de Cérdoba.

Peltzer, PM., R.C. Lajmanovich, A.M. Attademo A.H. Beltzer. 2006.
Diversity of anurans across agricultural ponds in Argentina.
Biodiversity and Conservation 15: 3499-3513. doi: 10.1007/
s10531-004-2940-9

Pereyra, J. and E. Haene. 2003. Anfibios de la Reserva Natural
Otamendji; pp. 29-36, in: E. Haene and J. Pereyra (eds.). Fauna de
Otamendi. Inventario de los animales vertebrados de la Reserva
Natural Otamendi, Campana, Buenos Aires, Argentina Temas de
Naturaleza y Conservacién 3. Buenos Aires: Aves Argentinas/AOP.

Peters, W.C.H. 1871. Uber einige Arten der herpetologischen Sam-
mlung des Berliner zoologischen Museums. Monatsberichte der
Kéniglichen Preussische Akademie des Wissenschaften zu Berlin
1871: 644-652.

Pounds, J.A, M.R. Bustamante, L.A. Coloma, J.A. Consuegra, M.PL.
Fogden, PN. Foster, E. La Marca, K.L. Masters, A. Merino-
Viteri, R. Puschendorf, S.R. Ron, G.A. Sanchez-Azofeifa, C.J.
Still and B.E. Young. 2006. Widespread amphibian extinctions
from epidemic disease driven by global warming. Nature 439:
161-167. doi: 10.1038/nature04246

Rapoport, E.H. 1996. The flora of Buenos Aires: low richness or mass
extintion? International Journal of Ecology and Environmental
Sciences 22: 217-242.

Ringuelet, R.A. 1961. Rasgos fundamentales de la Zoogeografia de la
Argentina. Physis 22: 151-170.

Ringuelet, R.A. 1981. El ecotono faunistico subtropical-pampasico
y sus cambios histéricos. Symposia VI Jornadas Argentinas de
Zoologia 75-80.

Soberon, J.and J. Llorente.1993. The use of species accumulation func-
tions for the prediction of species richness. Conservation Biology
7(3): 480-488. doi: 10.1046/§.1523-1739.1993.07030480.x

Soriano, A., R.J.C. Le6n, O.E. Sala, R.S. Lavado, V.A. Deregibus, M.A.
Cahuepe, O.A. Scaglia, C.A. Veldzquez and J.H. Lemcoff. 1992.

@ Check List | www.biotaxa.org/cl

10

Rio de la Plata grasslands; pp. 367-407, in: R.T. Coupland (ed.).
Ecosystems of the world. Natural grasslands: introduction and
western hemisphere. New York: Elsevier.

Steffen, G.A. 1815. De Ranis nonnullis Observationes Anatomicae
quas Consensu Gratiosae Facultatis Medicae. Berlin: Joannis
Friderici Starckii.

Storfer, A, S.G. Mech, M.W. Reudink and K. Lew. 2014. Inbreeding
and strong population subdivision in an endangered salamander.
Conservation Genetics 15(1): 137-151. doi: 10.1007/s10592-013-
0526-3

Straneck, R., E. Varela de Olmedo and G. Carrizo. 1993. Catalogo de
voces de anfibios argentinos. Tomo I. Buenos Aires: LOLA.

Teta, P., C.M. Gonzalez-Fischer, M. Codesido and D. Bilenca. 2010.
A contribution from Barn Owl pellets analysis to known micro-
mammalian distributions in Buenos Aires province, Argentina.
Mammalia 74(1): 97-103. doi: 10.1515/mamm.2009.069

Vaira, M., M. Akmentis, A. Attademo, D. Baldo, D. Barrasso, et al.
2012. Categorizaci6n del estado de conservacién de los anfibios de
la Republica Argentina. Cuadernos de Herpetologia 26: 131-159.

Viglizzo, E.F. and F.C. Frank. 2006. Ecological interactions, feedbacks,
thresholds and collapses in the Argentine pampas in response to
climate and farming during the last century. Quaternary Inter-
national 158(1): 122-126. doi: 10.1016/j.quaint.2006.05.022

Vitt, L.J. and Caldwell J.P. 2014. Herpetology: An introductory biol-
ogy of amphibians and reptiles, 4 edition. New York: Academic
Press. 757 pp.

Weyland, F., EJ. Baudry and C.M. Ghersa. 2014. Rolling Pampas
agroecosystem: which landscape attributes are relevant for
determining bird distributions? Revista Chilena de Historia
Natural 87: 1. http://www.scielo.cl/pdf/rchnat/v87/01.pdf

Williams, J.D. 1991. Anfibios y reptiles; pp. 1-20, in: H. L. Lépez and
E. P. Tonni (eds.). Situacién ambiental de la provincia de Buenos
Aires recursos y rasgos naturales en la evaluacién ambiental.
Buenos Aires: Comisién de Investigaciones Cientificas.

Williams, J.D. and EP. Kacoliris. 2009. Anfibios y reptiles del Parque
Costero del Sur (Buenos Aires); pp. 247-261, in: J. Athor (ed.). Parque
Costero del Sur. Naturaleza conservacién y patrimonio cultural.
Buenos Aires: Fundacién de Historia Natural Félix de Azara.

Author contributions: MGA, PS and IR collected the data. PS
edited the figures and maps. MGA, IR and DB wrote the text.

Received: 31 December 2015
Accepted: 24 September 2016
Academic editor: Tiago Vasconcelos

Volume 12 | Number 6 | Article 1998


http://dx.doi.org/10.1007/s10531-004-2940-9
http://dx.doi.org/10.1007/s10531-004-2940-9
http://dx.doi.org/10.1038/nature04246
http://dx.doi.org/10.1046/j.1523-1739.1993.07030480.x
http://dx.doi.org/10.1007/s10592-013-0526-3
http://dx.doi.org/10.1007/s10592-013-0526-3
http://dx.doi.org/10.1016/j.quaint.2006.05.022
http://www.scielo.cl/pdf/rchnat/v87/01.pdf

