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ABSTRACT

The aim of this work is to update the scientific knowledge of Uruguayan amphibians. We address the
trends of studies since the beginning of the 19" century until today, describing the transition from
descriptive studies focused on natural history to modern evolutionary and ecological perspectives. In
order to assess the inventory completeness of the Uruguayan amphibians, we compiled 13,711 records
from the main scientific collections in the country. Geographic distributions were derived from georeferenced
records overlaid on a grid of 302 quadrants. We generated a cumulative species curve (quadrants as
sampling units), which showed an asymptotic pattern with a maximum estimated value of 48 species
(95%-confidence interval: 46-60), very close to the actual number of known species (50 species). The
upper bound of the confidence interval reaches 60 species suggesting that 14 species could still remain
unknown in the worst scenario. The data are heterogeneously distributed across the country: 43% of
quadrants have no information, 50% are sub-sampled, and only 8% can be considered as well known.
The extent of information gaps seriously challenges assessments of geographic distributions of the
amphibian diversity at the quadrant resolution scale. Only the coastline borders of the Rio de la Plata, the
Atlantic coast, regions in the northern basaltic hills, and in the northwestern littoral zone, are relatively well
known at this scale. We conclude that important sampling effort, mainly in the detected geographic
information gaps, is needed to complete our knowledge about Uruguayan amphibian diversity.
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RESUMEN

Diversidad de anfibios del Uruguay: estado de conocimiento, completitud del inventario y
cobertura de muestreo. La meta de este trabajo es poner en perspectiva el conocimiento cientifico
de los anfibios uruguayos. Analizamos las tendencias en el estudio de los anfibios desde principios
el siglo XIX hasta nuestros dias, describiendo la transicién desde estudios descriptivos enfocados
en la historia natural a modernos estudios evolutivos y ecolégicos. A los efectos de evaluar la
completitud de inventario de los anfibios de Uruguay, compilamos 13711 registros depositados en
las principales colecciones cientificas del pais. La distribucion geogréafica de cada registro fue
georeferenciado en una cuadricula de 302 cuadrantes. Generamos una curva acumulada de
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especies (los cuadrantes como unidades de muestreo) que mostrd un patrén asintético, con un
maximo estimado de 48 especies (Intervalo de Confianza: 46-60). Considerando el limite superior
del intervalo de confianza del estimador (60 especies), 14 especies podrian permanecer desconoci-
das en el peor escenario. El grado de conocimiento se distribuye heterogéneamente en el pais: 43%
de los cuadrantes carecen de informacion, 50% estan submuestreados y solo 8% puede ser
considerado como bien conocido. La magnitud de los vacios de informacion limita la capacidad de
conocer apropiadamente la diversidad de anfibios a la resolucién de cuadrante. Soélo el litoral del Rio
de la Plata, la costa atlantica, parte de la cuesta basaltica y el litoral Noroeste, estan relativamente
bien conocidos a esta escala. En tal sentido, aun resta un importante esfuerzo de muestreo,
principalmente en los vacios geograficos de informacion detectados, para completar nuestro conoci-
miento acerca de la diversidad de anfibios de Uruguay.

Palabras clave: Anfibios, Conservacion Bioldgica, Distribucion Geogréfica, Diversidad Uru-
guaya.

INTRODUCTION

Conservation of biodiversity has to be based on a good knowledge of the taxonomy and
distribution of the fauna and flora (Lomolino & Heaney, 2004). This knowledge is compiled in two
basic forms: scientific publications and voucher specimens deposited in scientific collections
(see Langone (2007) for Uruguayan amphibians). To assess the scientific knowledge of Uruguayan
amphibians, (1) we reviewed the scientific publications to summarize a historical perspective of
the study of Uruguayan amphibians, and (2) we assessed the inventory completeness of this
threatened group of vertebrates (Blauustein & Wake 1995).

Taxonomy and Geographic Distributions

The first reference about the natural history of amphibians in Uruguay appeared at the
beginning of the 19" century (see Klappenbach & Langone, 1992). The priest and naturalist
Damaso Antonio Larrafiaga made the first descriptions of Uruguayan amphibians based on
drawings and field notes of several native species (Pseudis minuta, Hypsiboas pulchellus,
Limnomedusa macroglossa) that were published more than a century later (Larrafiaga, 1823;
Mané Garzén, 2000; Mané Garzon & Islas, 2000). After Larrafiaga’s pioneering work, several
famous European naturalists, like A. d’Orbigny and C. Darwin, visited Uruguay in the mid-19t"
century. In the second half of the 19" century, several descriptive works included taxonomic
classifications (Gunther, 1859; Burmeister, 1861; Cope, 1862; Jiménez de la Espada, 1875;
Boulenger, 1885; Berg, 1896). The first anuran species described from specimens collected in
Uruguay (Montevideo) was Pleurodema bibroni (Tschudi, 1838). Subsequently, Duméril and
Bibron (1841) described Rhinella dorbignyi, Hypsiboas pulchellus, Leptodactylus gracilis, and
Limnomedusa macroglossa (also based on specimens from Montevideo). Several years later,
Gunther (1859) described Pseudis minuta from southern Uruguay and Jiménez de la Espada
(1875) described Leptodactylus latinatus, again using specimens from Montevideo. At the
beginning of the 20" century, Philippi (1902) described Melanophryniscus montevidensis with
specimens from Montevideo and four decades later, this time with specimens from inland
Uruguay, Schmidt (1944) described Dendropsophus sanborni (Departamento de Maldonado)
and Scinax uruguayus (Quebrada de los Cuervos, Departamento de Treinta y Tres). A more
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complete historical perspective of the growth in the knowledge of amphibians from Uruguay can
be found in Klappenbach and Langone (1992) and Maneyro and Carreira (2006).

The first species lists of amphibians from Uruguay are those of Langguth (1976, 34 species),
de Sa (1986, 35 species), and Achaval (1989, 38 species) who recounted. These lists were
based on the information from specimens deposited in collections as well as from publications
reporting the discovery of new species for Uruguay (Vaz-Ferreira et al., 1984), new species
descriptions (Prigioni & Langone, 1986), and detailed accounts of geographic distributions
(Prigioni, 1978; Prigioni, 1979; Prigioni & Langone, 1983; Langone & Basso, 1987). Another
important source were the field surveys reported in Sierra et al. (1977), Achaval et al. (1979),
and Prigioni and Langone (1984). Finally, Klappenbach and Langone (1992) reported 39
species and made an exhaustive compilation of the information available for each of these
species.

In the last decade of the 20" century, several field surveys were published from eastern
(Maneyro et al., 1995; Forni et al., 1995; Langone 1997), western (Cayssials et al., 2002), and
northern Uruguay (Achaval, 1998). An important series of reports referred to as “Relevamientos
de Biodiversidad”, was published since 1998. This series contains species lists with remarks on
the amphibians from Paso Baltasar, Departamento de Tacuarembo (Gonzalez et al., 1998),
Laguna de Castillos and Aguas Dulces, Departamento de Rocha (Gambarotta, 1999; Gonzalez
& Gambarotta, 2001), and Aguas Corrientes, Departamento de Canelones (Langone, 1999). All
these studies constituted the baseline information for an updated species list of amphibians in
Uruguay that reported a total of 43 species (Langone, 2003).

An intensification of field work, especially in northern and northwestern Uruguay (Departa-
mentos de Artigas, Cerro Largo, Rivera, Tacuarembé y Treinta y Tres), has resulted in the
discovery and/or description of 18.8% of all known amphibians from Uruguay in the last 11
years. Within this unprecedented boom of previously unknown biodiversity are included: Rhinella
achavali, Dendropsophus minutus, Hypsiboas albopunctatus, Leptodactylus furnarius,
Melanophryniscus pachyrhynus, Odontophrynus maisuma, Physalaemus cuvieri, Scinax
aromothyella, S. fuscovarius, Melanophryniscus langonei (Olmos et al., 1997; Arrieta & Maneyro,
1999; Canavero et al., 2001; Kwet et al., 2002; Maneyro et al., 2004a; Borteiro et al., 2005;
Prigioni et al., 2005; Maneyro & Beheregaray, 2007; Maneyro et al., 2008a; Rosset, 2008). In
addition to these recently discovered species, we also include Lithobates catesbeianus, which
is an exotic species introduced for commercial purposes and accidentally released to the wild
with the consequential risk of negative interactions with the native amphibians, other vertebrates,
and the ecosystem in general (Maneyro et al., 2005; Laufer et al., 2008).

The information generated by investigators associated to the Coleccion de Zoologia
Vertebrados of Facultad de Ciencias and the Museo Nacional de Historia Natural has been
synthesized in the “Lista de los vertebrados del Uruguay” (Achaval, 2009), which allows its
immediate update and easy access for a general public in an internet website. We also should
add the records of new localities that provide useful data for more accurate estimates of
geographic distributions within Uruguay (Prigioni & Langone, 1983; Naya & Maneyro, 2001;
Borteiro & Kolenc, 2007). Lastly, we highlight the publications “Distribucion geogréfica de la
fauna de anfibios del Uruguay” (Nunez et al., 2004) and the synthesis by Maneyro and Kwet
(2008) about bufonids from the border region between Uruguay and Brazil that summarized all
the information available up to the moment, which represent the baseline data for the preparation
of this work.
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Natural History

The larval stage of anurans, the tadpole, is mostly aquatic and therefore the study of the
terrestrial adult stage alone is insufficient to understand the life history of amphibians (McDiarmid
& Altig, 1999). In contrast to the adult stage, the progress in the knowledge of the larval life
history of Uruguayan amphibians is still incipient. In spite of few examples, studies of larval
biology are of major importance due to the unique reproductive biology of some species such as
the tadpoles of Leptodactylus ocellatus, which aggregate to form schools and receive their
mother’s parental care (Vaz-Ferreira & Gerhau, 1975, 1986; Laufer & Maneyro, 2008). There
has been a considerable surge in the study of anuran larvae in recent years in Uruguay, which is
reflected in the description and re-description of the tadpoles of several species: Hypsiboas
pulchellus, Leptodactylus gracilis, L. latinasus, L. mystacinus, Melanophryniscus montevidensis,
M. orejasmirandai, M. sanmartini, Physalaemus biligonigerus, P. riograndensis, P. fernandezae,
P. gracilis, P. henselii, P. riograndensis, Pleurodema bibroni, Pseudopaludicola falcipes, Rhinella
dorbignyi, Scinax aromothyella, S. uruguayus (Garrido-Yrigaray, 1989; Langone, 1989; Prigioni
& Langone, 1990; Prigioni & Arrieta, 1992; Prigioni & Garcia Sanchez, 2002; Kolenc et al., 2003;
Langone & de S4, 2005; Alcalde et al., 2006; Borteiro et al., 2006; Kolenc et al., 2006; Borteiro
& Kolenc, 2007; Borteiro et al., 2007; Kolenc et al., 2008; Laufer & Barreneche, 2008; Kolenc et
al., 2009). We highlight a series of studies that described larval anatomical features and
generated evolutionary inferences upon their descriptive work (Lavilla & Langone, 1995; de S&
& Lavilla, 1997; Langone & Cardoso, 1997; Larson & de S4&, 1998; Lavilla & de S4, 1999; Kolenc
etal., 2003; Larson et al., 2003). The discovery of albino larva of Melanophryniscus montevidensis
(Maneyro and Achaval, 2004), and the confirmation of chytridiomycosis in frogs from Uruguay
represent relevant reports with conservation implications. Borteiro et al. (2009) reported this
fungal disease caused by Batrachochytrium dendrobatidis for the first time in histological
analyses of larval Hypsiboas pulchellus, Odontophrynus maisuma, Physalaemus henselii, and
Scinax squalirostris (Borteiro et al., 2009). Moreover, Mazzoni et al., (2003) reported
chytridiomycosis in Uruguay in farms of Lithobates catesbeianus).

Other aspects of the biology of amphibians from Uruguay, beyond their morphology and
geographic distribution, started with the first behavioral studies of Vaz-Ferreira and Gerhau
(1974, 1975, 1986). The research of foreign herpetologists (e.g. Barrio, 1964; Gallardo, 1964)
contributed extensively to the knowledge of the Uruguayan anuran fauna because their work
included many species present in Uruguay. More recently, a number of studies were published
about the biology of Phyllomedusa iheringii and Limnomedusa macroglossa (Gudynas &
Gerhau, 1981; de S&a & Gerhau, 1983; Langone et al., 1985; Langone, 1993), the gametogenesis
in Chthonerpeton indistinctum (de Sa & Berois, 1985, 1986), the pelvic osteology in the genera
Bufo (actually Rhinella) and Elachistocleis (Prigioni & Langone, 1992), and the ecology of
herpetological communities including analyses of resource partitioning (Gudynas, 1985; Gudynas
& Rudolf, 1987). Rinderknecht (1998) is probably the more relevant reference from the
paleontological perspective.

In the beginning of the 21¢ century, a remarkable increase in functional’ studies of amphibians
included analyses of adult’s diets (da Rosa et al., 2002; Maneyro & da Rosa, 2004; Maneyro et
al., 2004b; Berazategui et al., 2007), ecophysiology (Naya et al., 2002; Naya et al., 2003), and
reproductive biology (Camargo et al., 2005; Kwet et al., 2005; Maneyro et al., 2008b; Camargo
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et al., 2008) of several anurans of Uruguay. More recently, there are numerous anatomical and
chemical analyses of skin gland secretions of several bufonids (Naya et al., 2004; Mebs et al.,
2005; Mebs et al., 2007a; Mebs et al., 2007b), karyotype descriptions of species in the P.
henselii group (Tomatis et al., 2009), the spatio-temporal structure of assemblages (Canavero et
al., 2008; Canavero & Arim, 2009; Canavero et al., 2009; Maneyro, 2008), and a synthetic work
of population and community ecology in a well studied frog community in Espinas Creek,
Departamento de Maldonado (da Rosa et al., 2006). Among the most comprehensive, relevant
publications are those of Cei (1980, 1987), Lavilla and Cei (2001), and the species accounts of
the “Catalogue of American Amphibians and Reptiles” made for Chthonerpeton indistinctum
(Gudynas & Williams, 1992), Hypsiboas albopunctatus (de Sa, 1995), Leptodactylus mystacinus
(Heyer et al., 2003), and Leptodactylus furnarius (Heyer & Heyer, 2004). One of the first books
for the general public that reviewed and summarized all information about the Uruguayan
herpetofauna is Klappenbach and Orejas-Miranda (1969), followed by another book with more
scientific rigor that provided a necessary update of the systematics and biology of anurans
(Langone, 1995). Two years later, a photographic field guide for amphibians and reptiles of
Uruguay with two subsequent editions (Achaval & Olmos, 1997, 2003, 2007) became a source
of basic information, identification, and conservation for the general public. The first key of
amphibians of Uruguay was Prigioni & Achaval (1992), which served as the basis for a recent
updated version (Ziegler & Maneyro, 2008).

Conservation

Several methodologies have been used for evaluating the conservation status of Uruguayan
amphibians. An example is the method proposed by Langone (1995) and Achaval and Olmos
(2007), but the analyses of Maneyro and Langone (1999, 2001) have broader interest because
they used the standardized SUMIN index Reca et al. ,1994), which was calculated for all 42
species known at that moment. At the present, all amphibian species from Uruguay are
categorized using IUCN criteria via the “Global Amphibian Assessment” (GAA) (IUCN 2010)
and there has been a recent summary of the conservation status in Uruguay published by the
“Declining Amphibian Population Task Force” (Langone, in press). More recently and based on
the application of IUCN criteria (IUCN 2003) within the Uruguayan territory, Canavero et al.
(2010) published the Red List of Amphibians (and also Reptiles) of Uruguay.

Synthesis

In general terms, the progress of the study of amphibians has followed the trends of the
zoological studies in Uruguay where the discipline went from an idiographic phase (dominated
by descriptive studies of taxonomy and natural history) to a nomothetic phase with an emphasis
in the search for general patterns and processes (Hess, 1997). This focal change does not imply
a rejection of the taxonomy and natural history since the advances in the nomothetic phase lead
necessarily to the description of new species, revision of existing species, and progress in the
study of their natural history (Davyt et al., 2006).



6 BOL. SOC. ZOOL. URUGUAY (22 época) [2010

MATERIAL AND METHODS

In Uruguay, the Class Amphibia Gray, 1825 includes 50 known species belonging to two
orders and nine families (Table 1). In order to assess the completeness of the amphibians
inventory, we reanalyzed the data from Uruguayan scientific collections in the Museo Nacional
de Historia Natural (MUNHINA) and the Zoologia Vertebrados de la Facultad de Ciencias,
Universidad de la Republica (ZVCB), as well as from records of Uruguayan specimens stored in
the Coleccion Herpetoldgica del Instituto Nacional Malbran (now Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”), published by Nufiez et al. (2004). We also updated the
database with the new records housed at ZVCB until 2006.

To analyze the geographic distribution of this information, every record was georeferenced
on a grid of 302 quadrants of about 30x22 km each based on the National Cartographic Plan
and integrated into a Geographic Information System (GIS). The records with undefined
geographic positions were removed from the analyses. A total of 13,711 records of amphibians
were included from 46 out of the 50 species known in Uruguay. Four species were not included
in the analyses because one of them is an introduced species (Lithobates catesbeianus;
Maneyro et al., 2005; Laufer et al., 2008), and the other three species have not been described
or cited yet for Uruguay at the time the databases were analyzed for this study (Physalaemus
cuvieri, Maneyro & Beheregaray, 2007; Odontophrynus maisuma, Rosset, 2008;
Melanophryniscus langonei, Maneyro et al., 2008a).

We made species accumulation curves for the complete dataset to determine how close the
observed records account for the number of species estimated to occur in Uruguay. We used
the software ESTIMATES (Colwell, 2006) to analyze the recorded species richness per quadrant
and fit the model ‘Chao 2’ for estimating the maximum richness (with confidence interval of
95%).

To estimate the optimal sampling effort based on records per quadrant (i.e., number of
records needed to get an accurate estimate of the richness in a quadrant), we fit a moving
average smoothing (lag = 10) to the relationship between the observed richness and the
sampling effort (number of records) on each quadrant. The optimal sampling effort was defined
in the point where the curve reaches the asymptote.

RESULTS AND DISCUSSION

The curve of accumulated richness showed an asymptotic value at 46 species, and the
estimated richness curve also reached an asymptote indicating that the estimation procedure
converged (Fig. 1). The estimated maximum richness (mean) based on the model Chao2 was
48 species, which was only two species greater than the observed richness (46), meaning that
96% of the species present in Uruguay have been accounted for in scientific collections.
However, considering the upper bound of the confidence interval, the maximum species
richness could be as high as 60 species, and therefore 14 species could be still unknown, and
the degree of knowledge would be as low as 77%. It should be noted that recently two new
species of amphibians were described from Uruguay that were not included in this study:
Odontophrynus maisuma and Melanophryniscus langonei (Maneyro et al., 2008a; Rosset,
2008), and a third one Physalaemus cuvieri, was cited for the first time for the country (Maneyro
& Beheregaray, 2007).
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Table 1. Amphibian fauna of Uruguay. The list of genera is based on Achaval (2009) with the additions of Maneyro
& Beheregaray (2007), Maneyro et al. (2008a), and Rosset (2008).

Number
Order Family Genus of
species
GYMNOPHIONA Miiller, 1832 Caeciliidae Rafinesque, 1814 Chthonerpeton Peters, 1880 1
ANURA Fischer von Waldheim, 1813 Bufonidae Gray, 1825 Melanophryniscus Gallardo, 1961 7
Rhinella Fitzinger, 1826 5
Ceratophryidae Tschudi, 1838 Ceratophrys Wied, 1824 1
Cycloramphidae Bonaparte, 1850  Limnomedusa Fitzinger, 1843 1
Odontophrynus Reinhardt & Liitken,
1862 2
Hylidae Rafinesque, 1815 Argenteohyla Trueb, 1970 1
Dendropsophus Fitzinger, 1843 3
Hypsiboas Wagler, 1830 2
Lysapsus Cope, 1862 actually 1
Pseudis, Wagler 1830 1
Phyllomedusa Wagler, 1830 1
Scinax Wagler, 1830 7
Leiuperidae Bonaparte, 1850 Physalaemus Fitzinger, 1826 6
Pleurodema Tschudi, 1838 1
Pseudopaludicola Miranda-Ribeiro,
1926 1
Leptodactylidae Werner, 1896 Leptodactylus Fitzinger, 1826 7
Microhylidae Giinther, 1858 (1843) Elachistocleis Parker, 1927 1
Ranidae Rafinesque, 1814 Lithobates Fitzinger, 1814 1

The observed richness per quadrant shows an asymptotic curve but itis highly influenced by very
well surveyed quadrants with 1,000 to 3,000 records and high species richness (e.g., Departamento
de Rivera) (Fig. 2). In the range of 0-500 records, there is also an asymptotic pattern where the
observed richness increases up to 100 records and then becomes independent from the sampling
effort. This suggests that the minimal sampling effort is about 100 records per quadrant (Fig. 2).

We found that 43% of the quadrants have no information (number of records = 0) and 50% of
all quadrants can be classified as sub-sampled because they have less than 100 records (Fig.
3). Only 8% of the quadrants have more than 100 records and can be considered as well known.
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This indicates that the degree of knowledge of the amphibian diversity at the quadrant resolution,
in terms of voucher specimens stored in scientific collections, is very limited (Fig. 3).

Because only 8% of the quadrants have been well sampled, it is clear that the geographic
distribution of amphibians in most parts of the Uruguayan territory is unknown or poorly known.
The quadrants with good sampling densities are associated with the coastline border of the Rio
de la Plata (Departamentos de San José, Montevideo, Canelones and western Maldonado), the
Atlantic coast (mainly Rocha), parts of the basaltic hills (western Rivera and Tacuarembd),
northwestern littoral zone (western Artigas and Salto), and some isolated quadrants sampled in
a few intensive field surveys (e.g., Espinas Stream, in Maldonado).

CONCLUSION

The voucher specimens preserved in scientific collections, the digitized information from
collection catalogs, and the syntheses made in previous studies (Maneyro & Langone, 2001;
Nunez et al., 2004; Maneyro & Kwet, 2008) provide vast amounts of distributional data in
Uruguay and allows the generation of scientifically-informed conservation strategies. Herein,
these data allowed us to detect the existence of information gaps in a large portion of Uruguay,
which constitutes a useful guidance for planning the resources and efforts to fill these gaps in
future field work.

Based on our estimates, a high percentage of the total richness in Uruguay is known,
although new species may still remain undiscovered. However, this scenario is very different
when we assess the degree of knowledge of geographic distributions at the scale of the
quadrant. In this case, the sampling density showed considerable variation, where large regions
had a deficit or show an absolute lack of information. In general terms, we conclude that the
geographic distribution of the amphibian diversity in Uruguay has been surveyed in less than
50% at the analyzed resolution scale, especially in the central region of the country.

It is important to point out that a large portion of the information from scientific collections is
based on historical records that do not demonstrate the occurrence of the species at the
present. However, this information is critical for the analysis of long-term patterns in populations
that appear to be declining: Ceratophrys ornata (this species could be considered extinct in
future evaluations), Melanophryniscus montevidensis, and Pleurodema bibroni (Maneyro &
Langone, 2001; Canavero et al. 2010). On the other hand, this kind of historical information
might generate difficulties for inferring the present day distributions of species that can be used
in conservation planning.

We should note that, although the knowledge of Uruguayan amphibian biology is broad, it is
mostly restricted to the analysis of geographic distributions. There are far fewer studies about
population dynamics, genetic and phenotypic variability, developmental biology, and other discipli-
nes, especially in the case of the larval stage of these organisms, which in most species is virtually
unknown. Given the complexity of the study of amphibians, due to their aquatic vs. terrestrial life
histories and the lack of a complete knowledge of their geographic distributions, the generation of
conservation strategies for amphibians in Uruguay is extremely difficult. In order to develop
conservation plans, we suggest that it is essential to undertake field inventories in selected grid
quadrants to survey largely unsampled regions of the country, especially those that have been
proposed as candidate protected areas. We hope this article will become a tool for monitoring the
status of conservation of Uruguayan amphibians and will work as baseline data for the
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implementation of a national system of protected areas in Uruguay (Hilton-Taylor, 2000). Moreover,
long-term monitoring in protected areas as well as more research of the life history of most species
will be required to contribute toward the conservation of amphibians for future generations.
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