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Abstract. Currently amphibians are more threatened than birds and mammals with more than one-third of all
amphibians facing extinction. In Chile, Darwin’s frog (Rhinoderma rufum) is classified as Critically
Endangered by IUCN, and no individuals have been found since the 80’s. Herein, a species distribution
model (SDM) was generated to identify the most likely areas were remaining R. rufum populations might be
detected as a first step to help to rediscover this lost frog. The SDM was based on bioclimatic and land cover
information with a comprehensive collection of 19 species records compiled from literature, museum records
and personal communications. The SDM suggests a potential distribution of R. rufum, which differs slightly
from the one previously proposed. However, it shows an overlap with cultivation and artificial areas in Chile.
Therefore, it seems likely that the major factor leading to R. rufum declines and possible extinction was
anthropogenic habitat destruction.
Key words: potential habitat, species distribution modelling, habitat loss.

Introduction
In the last years, amphibians have declined dramatically in many areas of the world and as many
as one-third (32%) of amphibian species are
known to be threatened or extinct, and almost half
(42%) are declining (IUCN 2011). The declines
have various likely causes: habitat destruction,
environmental pollution, UV-B irradiation, diseases, global change and introduced species (e.g.
Gardner 2001, Collins & Storfer 2003, Beebee &
Griffiths 2005). Once recognized current biodiversity loss, amphibian conservation action plans
were initiated (Gascon et al. 2007), suggesting
mitigation measurements such as lost frogs surveys (Conservation International 2011) and amphibian captive breeding programs (Gascon et al.
2007). However, for any conservation action, a
critical and difficult initial step is to determine the
target species’ distribution (Rachlow & Svancara
2006, Gaston & Fuller 2009). Especially rare species, or those which are difficult to detect, pose
unique challenges to conservationists when assessing their spatial distribution (Rachlow & Svancara
2006). This is frequently the case since many amphibians species are not well studied (Karl et al.
1999, Doherty & Harcourt 2004, Edwards et al.
2005). As a result, surveying for rare animals can
be a resource-intensive activity that diverts energy
and funds away from other conservation efforts
(Rachlow & Svancara 2006). In spite of this, thanks

to many lost frogs searching initiatives, dozens of
species have been rediscovered worldwide (i.e. at
the Ivory coast, Democratic Republic of Congo,
Ecuador, Haiti and Mexico) even after more than
two decades (Conservation International 2011).
In Chile, Darwin’s frog populations have recently declined (Young et al. 2001) and are
thought to be highly endangered (Glade 1998,
Díaz-Páez & Ortiz 2003, IUCN 2011). Rhinoderma
rufum is listed as number 45 on the evolutionarily
distinct and globally endangered amphibian list
(EDGE 2011), and it is also classified as critically
endangered by IUCN (2011). Formerly, this species was distributed in small, isolated populations,
and was fairly regularly seen until approximately
1978 (Baillie et al. 2004, Veloso et al. 2010). In 1980
Penna & Veloso (1990) recorded for the last time
R. rufum in the Concepción province. Subsequently, there have been no confirmed reports despite several attempts to relocate the species, giving rise to fears that it might have become extinct
in the meanwhile (Busse 2002, Baillie et al. 2004,
Veloso et al. 2008).
The genus Rhinoderma is endemic to the Valdivian forest, a temperate rain forest, situated in
the central south of Chile bordering Argentina.
These frogs are unique, due to their reproductive
parental care, where males brood their tadpoles
inside their vocal pouch (Called Neomelia). Rhinoderma was described for the first time by Duméril
and Bibron (1841) based on specimens collected by
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Charles Darwin during his voyage around the
world on the “Beagle”. In his honour this species
was named Rhinoderma darwinii. On the other
hand, its sister species Rhinoderma rufum was described in 1902 by Philippi, as Heminectus rufus.
However, this new species was neither recognized
by Cei (1958, 1962) nor by Donoso-Barros (1970),
due to the loss of the type specimen, its confusing
original description, and physical similarities
shared by both species. It was only revalidated by
Formas (1975) after Jorquera et al. (1972, 1974)
conducted an embryological and developmental
study and detected differences in egg and larval
development. While larvae of R. darwinii develop
in the vocal pouch until the metamorphosis is
completed, R. rufum larvae have only a short stay
in the vocal pouch and pass through a long lasting
free living tadpole stage before metamorphosis.
Furthermore, unique morphological characteristics
are present in R. rufum, such as different tympanum morphology, obtuse fingers with a bearing
under (Philippi 1902, Formas et al. 1975), and
more conspicuously webbed toes, different colour
pattern on the ventral side of the feet, more pronounced heel appendices, and less developed
metatarsal tubercles (Formas et al. 1975). Based on
these developmental and morphological differences, Formas et al. (1975) concluded that they actually are two different species. As a consequence
of this systematic confusion, R. rufum was not well
studied and scarce scientific material is available.
The few existing studies have described its taxonomy (Phillipi 1902, Formas et al. 1975), distribution (Barros 1918, Torres & Castillo 1973, Formas
et al. 1975), development (Jorquera et al. 1974,
1981, Jorquera 1986), digestive track development
(Jorquera et al. 1982, Jorquera 1986) and karyology
(Formas 1976).
Once, R. rufum could be found between Zapallar (Moreno in Formas et al. 1975) and Concepción
(Jorquera et al. 1974) in coastal areas, ravines and
high hills next to small water seep protected by
shady leafy trees (Barros 1918). It has been documented in leaf-litter in temperate mixed forests,
and also in bogs surrounded by forests (Veloso et
al. 2008). Barros (1918) stated that R. rufum swims
with agility, but normally stays quite by the water
shore, or hiding in some hole by the shore under
the dead leaves that float in some eddy. Under this
last shelter it is almost always floating vertical,
touching the leaves with the snout. When the running water disappears, they hide themselves under stones where humidity is conserved and they

group and shelter together. They are never present
in sunny and open areas of the ravine, but rather
in shaded areas protected by foliage, where direct
sunbeam filters through only occasionally. Specimens at “Barranca alta” were collected during
summer in shadowed ravines skirted by Aristotelia
chilensis (Torres & Castillo in Formas (1975)).
Specimens from Vichuquén were collected during
summer in humid ravines that were covered by
vegetation (Barros 1918). The animals from Chiguayante were collected during winter and spring
under stones and between humid vegetation next
to the water in a Nothofagus forest, which was relatively disturbed by people (Barros 1918).
Based on all available information on habitat
preferences and the spatial distribution of R. rufum
compiled through extensive literature surveys,
museum specimens and personal communications, we herein develop a quantitative spatially
explicit species distribution model (SDM) to assess
its potential distribution by comparing environmental features at species record sites with those
within its general area of occurrence (O’Connor
2002). Such models have been described to serve
as useful tools for evaluating potential distributions and habitat suitability over large areas and
also for guiding survey efforts to those areas with
higher probabilities of species occurrence (Edwards et al. 2005, Peterson et al. 2005, Le Lay et al.
2010). Our results highlight areas where further
field surveys may have the highest chance to detect further (last?) populations of R. rufum.

Materials and Methods
Species records and climate data
A total of 19 Rhinoderma rufum records (Table 1) were
compiled from literature and material collections data.
Geo-referencing was conducted when necessary with
Google Earth (http://www.google.com/earth/index
.html). All data was checked in the DIVA-GIS 7.4 software for possible errors (Hijmans et al. 2005a).
Current climate conditions for Chile was obtained
from
the
WorldClim
database,
version
1.4
(www.worldclim.org, Hijmans et al. 2005b). This weather
conditions were recorded between 1950 and 2000 interpolated to a grid cell resolution of 30 arcsec (equivalent to
ca. 1 x 1 km). Bioclimate variables were calculated with
DIVA-GIS, which are suitable for the SDM application
(Beaumont et al. 2005, Busby 1991). As temperature is a
key factor for ectothermic species, we selected the “annual mean temperature” and “temperature annual range
(BIO5-BIO6)” as important variables related to energetic
balances and digestive turnover rates (Rödder 2010).
Humidity is the key factor limiting the distributions for
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Table 1. Location of Rhinoderma rufum populations included in this study. Museum collections: Instituto de Zoología
de Universidad Austral, Chile (IZUA); Museo de Zoología de la Universidad de Concepción, Chile
(MZUC=IZUC=ICBUC); Museo de Historia Natural de Santiago, Chile (MNHN); Zoologisches Museum der ChristianAlbrechts-Universität, Kiel, Germany (ZMK); Zoologisches Forschungsmuseum Alexander Koenig, Germany (ZFMK);
National Museum of Natural History, Smitsonian Institute, USA (USNM=NMNH).a collection material lost (According
to Cei (1958) in Formas et al. 1975),b collection material lost by fire 2008, c collection material not found.
Locality

Description

Zapallar

Zapallar creek
(Prov. Petorca)

Pichilemu
Paredones
La rufina
Vichuquén

Curicó

(O’higgins region)

32°34’S/71°25’W
34°20’S/71°52’W
34°39´S/71°53’W
34°44’S/70°45’W
34°49’S/72°01’W

Coast
Nilahue valley
Ranguilí canyon
Cutemu/Catemo
(spelling correction by Torres &
Castillo 1973)
Hualañé

San Fernando Five league to the
east of san Fernando in “Los
Quillayes” (Prov.
Colchagua)
Barranca Alta Four km North
from Bucalemu
beach and two km
from South
Boyeruca beach
(Prov. Colchagua)
Constitución Coastal lagoons
Concepción

Mocha island
Ramadilla
Nahuelbuta

Coordinates

34°34’S/71°47’W
34°39’S/71°57’W
34°48’S/71°53’W

34°55’S/71°46’W
34°35’S/71°45’W

Source

Museum material
(Collector, Museum (year))
Moreno, IZUA (1966)b;
ZFMK (1926)

Moreno in Formas et al.
(1975)
Parra (2003) pers. comm.
Penna (1978) pers. comm.
Perez (2000) pers. comm.
Philippi (1902), Donoso BaPhilippi, MNHSa; Timmerrros 1972 in Torres & Castillo mann, ZMK (1926); Timmermann, ZFMK (1926);
(1973)
Morán & Tapia, IZUA-A
(1969)b Neotype
Barros (1918), Donoso-Barros
(1970), Formas et al. 1975
Barros (1918)
Barros (1918)
Barros (1918)

Barros (1918), Donoso Barros
(1970), Formas et al. 1975
Barros (1918)

34°40’S/72°01’W

Wilhelm (1927), Torres & Cas- Torres, IZUA-A (1972)b
tillo (1973)

35°19´S/72°24’W

English avenue

36°50’S/73°02’W

Barros in Krieg (1924)
Jorquera et al. (1974, 1981),
Penna & Veloso (1980)
Ortiz (2010) pers. comm.

Chiguayante

36°55’S/73°01’W

Formas et al. (1976)

Caracol hill
Nonguén

36°37’S/72°56’W
36°51’S/72°59’W

Formas et al. (1975)
Gobierno de Chile, comision
nacional del medio ambiente,
región Bio-bío (2008)
Ibarra-Vidal (1989)
Formas (1995)
Ortiz & Ibarra-Vidal (2005)

38°28’S/74°18’W
37°18’S/73°15’W
37°47’S/73°09’W

amphibians (Wells 2007), hence we included “annual precipitation”, “precipitation of warmest quarter” and “precipitation of coldest quarter” as important predictor variables for the potential distribution of R. rufum.

Formas, IZUA (1974)b
Donoso Barros, MZUC
(1962)
Pugin, IZUAb; Cekalovic,
MH (1974); USNM (1973)
ICBUC 1964c

Species Distribution Models
The Maxent software for species habitat modelling, version 3.3.3e (www.cs.princeton.edu/~shapire/maxent)
(Phillips et al. 2004, Phillips & Dudík 2008) was applied to
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assess the potential distribution of Darwin’s frog. In the
past, Maxent has been proposed to be one of the best algorithms when the number of species records is rather
low (Hernandez et al. 2006, Wisz et al. 2008). Its capacity
to predict novel presence localities for poorly known species has been previously confirmed (Pearson et al. 2007).
SDMs developed herein were computed using the default
Maxent settings using the logistic output format (Phillips
& Dudík 2008), whereby Maxent automatically selected
10.000 randomly chosen background points within an
area defined by a 150 km radius enclosing all known records. The predictive performance of the SDM was assessed with the Area under the Curve (AUC), referring to
the ROC (Receiver Operation Characteristic) curve assessing the SDM’s ability to distinguish background points
from training points (Hanley & McNeil 1982, Phillips et
al. 2006). Therefore, we used 70% of the species records as
training points to train the model and the remaining 30%
for testing it. Re-sampling was replicated 100 times and
the average predictions per grid cell were used for further
processing. Values of AUC ranged from 0.5 (prediction is
not better than random) to 1.0 for models giving perfect
discrimination between presence and pseudo-absence records. Maxent internally allows for an assessment of the
relative contribution of variables to the final model. Possible uncertainties due to extrapolation onto climatic conditions exceeding the training range of the SDM were assessed using multivariate environmental similarity surfaces (MESS; Elith et al. 2010).
Integration of land cover and human footprint data
The potential distribution of R. rufum as proposed by
Maxent based on bioclimatic conditions include areas
with apparently unsuitable micro-habitats, which can be
incorporated by clipping the potential distribution derived from climate information, i.e. with land cover types
available though the Global Land Cover Information Facility (GLC2000, available through http://bioval.jrc.
ec.europa.eu/products/glc2000/glc2000.php).
According to literature data, the altitude where R.
rufum can be found ranges between 0-500 m a.s.l. (Veloso
et al. 2008) or between 50-500 m a.s.l. (Díaz-Páez & Ortiz
2003). Based on all available information on micro-habitat
preferences (see introduction), we considered tree cover
(broadleaf and needle leaf, mixed leaf type, evergreen and
deciduous, open and closed, regularly flooded by fresh
water) corresponding to the GLC2000 classes 1 to 7; mosaic tree cover and other natural vegetation (class 9);
shrub cover (closed and open, evergreen and deciduous)
corresponding to GLC200 classes 11 and 12) as potentially
suitable. The following land cover classes were categorized as unsuitable for R. rufum: tree cover regularly
flooded by saline water (class 8), tree cover burnt (10),
herbaceous closed open (13), spare herbaceous or shrub
cover (14), regularly flooded shrub land or herbaceous
coverage (15), bare areas (19), water bodies (20), snow and
ice (21), and all anthropogenically modified areas comprising cultivated and managed areas (16), mosaic cropland/tree cover/other natural vegetation (17), mosaic
cropland/shrub and /or grass cover (18), and artificial
surface and associated areas (22).

Information on the degree of anthropogenic disturbances was integrated using the human footprint index
developed by Sanderson et al. (2002) (“Atlas of the human
footprint”
available
at
www.wcs.org/
humanfootprint). This index was developed based on
data gathered from 1960 to 1995 on the land surface comprising geographic data describing human population
density, land transformation, access, and electrical power
infrastructure. It was normalized to reflect the continuum
of human influence across each terrestrial biome defined
within biogeographic realms (Sanderson et al. 2002).

Results
We obtained a good SDM with an AUC value of
0.8017 although the number of available species
records was rather low. The potential distribution
suggested by our SDM covers well the IUCN
(Veloso et al. 2008) estimate, wherein the latter is
situated within higher Maxent classes (<0.422),
also confirming the predicting power of the
model. The lowest observed Maxent value at the
presence point used for the model training was
0.3578. Analyses of variable contributions in the
SDM revealed that “temperature annual range”
with 39.5% had the highest explanative power, followed by “annual mean temperature” (31.2%),
“precipitation of the coldest quarter” (19.2%),
“precipitation of warmest quarter” (9.9%) and
“annual precipitation” (0.2%).
Comparing the land cover classes wherein the
species records are situated also increases the
available information about R. rufum habitat preferences. The species records are situated in the
forest areas comprising in the northern parts
shrub and sclerophyll forests and deciduous forests in the south. The shrub and sclerophyll forest
is characterized by Mediterranean climate with
cold and rainy winter and warm and dry summer.
The deciduous forest has a temperate weather
with droughts during the summer, which decreases from North to South. In this area the main
characteristic is the presence of deciduous species
such as Nothofagus, which in the north are mixed
with sclerophyll vegetation and in the south with
laurels (Gajardo 1994).
The SMD appears to be consistent with the
natural history of R. rufum (Fig. 1). Our map suggests that R. rufum can find climatically suitable
habitats under current conditions in the coastal
area between political region IV and northern part
of region IX (Fig. 2). However, no R. rufum specimens have been found in the IX region, probably
due to interspecific competition with R. darwinii
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occupying this area. Climatically suitable areas
(Fig. 2a) are much larger than those providing
suitable microhabitats (Fig. 2b) due to a pronounced impact of anthropogenic habitat modification (Fig. 2c and 2d).

Figure 1. Distribution of Rhinoderma rufum. In grey solid
area, the distribution of R. rufum as suggested by Veloso
et al. (2008); dashed lines, regional borders; black circles,
analyzed localities based on literature data, museums
records and personal communications (see Table 1).

Discussion
This paper provides the first map of the potential
distribution of Rhinoderma rufum derived from
bioclimatic data combined with land cover information and summarized species records compiled
from specimens kept in zoological collections,
publications and personal communications. Environmentally suitable areas suggested by the model
were situated close to the coast whereas its distribution, suggested by the Veloso et al. (2010), covers larger parts of the central valley. However, this
is the area in Chile where most of the larger cities
are conglomerated. The original landscape has
been mostly anthropogenically modified making it
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difficult to find patches of unmodified vegetation
(Gajardo 1994). At the same time, the distribution
of R. rufum suggested by Veloso et al. (2010) is
very similar to the Chilean cultivation areas during the 90’s (Gajardo 1994). The land cover information gathered between 1999 and 2001 indicates
also a high degree of anthropogenic disturbance in
these areas, well mirrored by high human footprint scores. All of these former land impacts are
probably currently extended in most parts of the
former distribution range of R. rufum. Therefore,
the most likely cause of population decline and
possible extinction of R. rufum is anthropogenic
habitat destruction.
Previously, Veloso et al. (2010) suggested that
the possible reasons that were promoting the decline of R. rufum were “the destruction of the native
vegetation through the planting of pine plantations and
building of second homes. However, this is unlikely to
fully explain its apparent disappearance. Declines that
may have taken place within environmentally suitable
habitats might be the result of threats such as climate
change or emerging infectious disease (possibly chytridiomycosis, although this has not previously been reported from Chile)”. In spite of this, the chytrid fungus may find suitable environmental conditions
within the ranges of both Rhinoderma species
(Rödder et al. 2009). In the meanwhile, chytridiomycosis has been recorded in Chile in an introduced species (Xenopus laevis by Solis et al. 2010)
and in three native species including the only sister species of R. rufum, R. darwinii (Bourke et al.
2010, 2011). Previously, Bourke et al. (2010) examined histologically 115 R. rufum specimens (from
Chiguayante collected in 1975 and Zapallar in
1926) to detect chytrid zoospores. These authors
did not find chytrid-infected specimens of R.
rufum, but further examinations were suggested to
comprise more individuals, localities and a wider
year range, including the most recent possible
samples to establish when this disease was introduced in Chile.
Up to now, habitat destruction due to increased land use for cultivation and artificial areas
are the most plausible reason for the declines of R.
rufum and its possible local extinction. In spite of
this, the potential distribution of R. rufum and the
data presented in this paper may guide further R.
rufum surveys helping to focus on areas where the
species is likely to be rediscovered. More specifically, our model provides a valuable baseline for
further analyses of R. rufum habitat preferences in
Chile.

Bourke, J. et al.

104

Figure 2. The potential distribution of Rhinoderma rufum based on bioclimatic information (A); R. rufum potential distribution based on bioclimatic and land use information (B; see material and methods); R. rufum
potential distribution and human footprint (C; Sanderson et al. 2002, “Atlas of the human footprint”
available at www.wcs.org/humanfootprint); R. rufum potential distribution and anthropogenic habitat
modifications in terms of cultivated and artificial areas (D; source: Global Land Cover Information Facility
2000, GLC2000).

Hoping that in the future this frog will be
found as has been the case of many other lost or
thought to be extinct frogs (see introduction), it
might be possible to establish an ex situ breeding
program. Such facilities do exist already for its sister species, i.e. the Concepción’s Rhinoderma darwinii breeding facility (Bourke 2010). The knowledge gathered from this species could be used to
help to preserve R. rufum and try to save it from
extinction.

References

Acknowledgments: We thank H. Werning, M. Solé, P.
Ulmer and A. Charrier for their fruitful collaboration in

Baillie, J.E.M., Hilton-Taylor, C., Stuart, S.N. (eds) (2004): 2004
IUCN Red List of Threatened Species. A Global Species
Assessment. IUCN, Gland, Switzerland and Cambridge, UK.
217 pp.

the project, D. Rödder for his help in methodology and
paper development, M. Bourke for English review, F.
Ahmadzadeh for his help, and F. Glaw for his review.
The research was funded by Chester Zoo/North of
England Zoological Society in collaboration with Leipzig
Zoo, ZGAP and Reptilia. J. Bourke acknowledges a grant
from DAAD-CONICYT.

Rhinoderma rufum potential habitats
Barros, R. (1918): Notas sobre el sapito vaquero (Rhinoderma
darwinii). Revista Chilena de Historia Natural 22: 71–75.
Beaumont, L.J., Hughes, L., Poulsen, M. (2005): Predicting species
distributions: use of climatic parameters in BIOCLIM and its
impact on predictions of species current and future
distributions. Ecological Modeling 186: 250–269.
Beebee, T.J.C., Griffiths, R.A. 2005. The amphibians decline crisis: a
watershed fro conservation biology? Biological Conservation
125: 271–285.
Bourke, J. (2010): Rhinoderma darwinii captive rearing facility in
Chile. Froglog 94: 2-6.
Bourke, J., Ulmer, P., Mutschmann, F., Busse, K., Werning, H.,
Böhme, W. (2010): Batrachochytrium dendrobatidis in Darwin´s
frog (Rhinoderma darwinii), Chile. Diseases of Aquatic Organisms, Special 4, 92 (2-3): 217–221.
Bourke, J., Ohst, T., Gräser, Y., Böhme, W., Plötner, J. (2011): New
records of Batrachochytrium dendrobatidis in Chilean frogs.
Diseases of Aquatic Organisms 95: 259–261.
Busby, J.R. (1991): BIOCLIM - a bioclimatic analysis and prediction
system, pp. 64–68. In: Margules, C.R., Austin, M.P. (eds) Nature
conservation: cost effective biological surveys and data analysis.
Melbourne: CSIRO.
Busse, K. (2002): Darwin's Frogs in Danger; Rhinoderma, are there
any Rhinoderma rufum left in Chile? Reptilia 25: 63–67.
Cei, J.M. (1958): Las láminas originales del suplemento a los
Batraquios chilenos de Phillipi: primera impresión y
comentarios. I. Investigaciones Zoológicas Chilenas 4: 245.
Cei, J.M. (1962): Batracios de Chile. Editorial Universidad de Chile.
Santiago. Chile, 236 pp.
Conservation International (2011): Search for lost amphibians,
<www.conservation.org/campaigns/lost_frogs/Pages/search_f
or_lost_amphibians.aspx>, accessed at: 2011.05.17.
Collins, J.P., Storfer, A. (2003): Global amphibian declines: sorting
the hypotheses. Diversity and Distributions 9: 89–98.
Díaz-Páez, H., Ortiz, J.C. (2003): Evaluación del estado de
conservación de los anfibios en Chile. Revista Chilena de
Historia Natural 76: 509–525.
Doherty, D.A., Harcourt, A.H. (2004): Are rare primate taxa
specialists or simply less studied? Journal of Biogeography 31:
57–61.
Donoso-Barros, R. (1970): Catálogo Herpetológico Chileno. Boletín
del Museo de Historia Natural Santiago Chile 31: 46.
Duméril, A.M., Bibron, G. (1841): Erpétologie Générale, Paris 8:
657–659.
EDGE (2011): Evolutionary distinct and globally endangered. ZSL
living conservation, <www.edgeofexistence.org>, accessed at:
2011.10.04.
Edwards, T.C.J., Cutler, R., Zimmermann, N.E., Geiser, L., Alegria,
J. (2005): Model-based stratifications for enhancing the detection
of rare ecological events: lichens as a case study. Ecology 86:
1081–1090.
Elith, J., Kearney, M., Phillips, S.J. (2010): The art of modelling
range-shifting species. Methods in Ecology and Evolution 1:
330–342.
Formas, R. (1976): New karyological data of Rhinoderma: the
chromosomes of Rhinoderma rufum. Experientia 32(8): 1000–1002.
Formas, R. (1995): Anfibios, pp. 314–325. In: Simonetti, J.A., Arroyo,
M.T., Spotorno, A.E., Lozada, E. (eds), Diversidad biológica en
Chile. Comisión Nacional de Ciencia y Tecnología, Santiago,
Chile.
Formas, R., Pugin, E., Jorquera, B. (1975): La identidad del batracio
Chileno Heminectes rufus Philippi, 1902. Physis, Section C 89:
147–157.
Gajardo, R. (1994): La Vegetación Natural de Chile. Clasificación y
Distribución Geográfica. Editorial Universitaria, Santiago, 166
pp.
Gardner, T. (2001): Declining amphibians populations: a global
phenomenon in conservation biology. Animal Biodiversity and
Conservation 24(2): 25–44.
Gascon, C., Collins, J.P., Moore, R.D., Church, D.R., McKay, J.E.,
Mendelson, III, J.R. (2007): Amphibian Conservation Action

105
Plan. Gland, Switzerland, Cambridge, UK: IUCN, Conservation
International. 64 pp.
Gaston, K.J., Fuller, R.A. (2009): The sizes of species geographic
ranges. Journal of Applied Ecology 46: 1–9.
Glade, A. (1998): Libro rojo de los vertebrados terrestres chilenos.
Ministerio de Agricultura y Corporación Nacional Forestal,
Santiago, 69 pp.
Gobierno de Chile, comision nacional del medio ambiente, región
Bio-bío (2008): Estrategia Regional y plan de acción para la
Biodiversidad. Región Bio-bío, 42 pp.
Hanley, J.A., McNeil, B.J. (1982): The meaning and use of the area
under receiver operating characteristic (ROC) curve. Radiology
143: 29–36.
Hernandez, P.A., Graham, C.H., Master, L.L., Albert, D.L. (2006):
The effect of sample size and species characteristics on
performance of different species distribution modeling methods.
Ecography 29: 773–785.
Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G., Jarvis, A.
(2005a): Very high resolution interpolated climate surfaces for
global land areas. International Journal of Climatology 25: 1965–
1978.
Hijmans, R.J., Guarino, L., Jarvis, A., O’Brien, R., Mathur, P.,
Bussink, C., Cruz, M., Barrantes, I., Rojas, E. (2005b): DIVA-GIS
Version 5.2 Manual <www.diva-gis.org>, accessed at:
2011.10.25.
Ibarra-Vidal, H. (1989): Línia base de la reserva nacional isla
Mocha, 67 pp.
IUCN (2011): IUCN Red List of Threatened Species. Version 2011.1.
<www.iucnredlist.org>, accessed at: 2011.11.10.
Jorquera, B. (1986): Biología de la reproducción del género
Rhinoderma. Anales del Museo de Historia Natural de
Valparaíso 17: 53–62.
Jorquera, B., Pugín, E., Goicoechea, O. (1972): Tabla de desarrollo
normal de Rhinoderma darwinii. Archivos de Medicina
Veterinaria 4: 1–15.
Jorquera, B., Pugin, E., Goicoechea, O. (1974): Tabla de desarrollo
normal de Rhinoderma darwinii (Concepción). Boletín de la
Sociedad de Biología de Concepción 48: 127–146.
Jorquera, B., Pugin, E., Garrido, O., Goicoechea, O., Formas, R.
(1981): Procedimiento de desarrollo en dos especies del género
Rhinoderma. Medio Ambiente 5: 58–71.
Jorquera B., Garrido O., Pugin E. (1982): Comparative studies of the
digestive tract development between Rhinoderma darwinii and R.
rufum. Journal of Herpetology 16(3): 205–214.
Karl, J.W., Wright, N.M., Heglund, P.J., Scott, J.M. (1999): Obtaining
environmental measures to facilitate vertebrate habitat
modeling. Wildlife Society Bulletin 27: 357–365.
Krieg, H. (1924): Biologische Reisestudien in Südamerika. II.
Rhinoderma und Callyptocephalus. Zeitschrift für Morphologie
und Ökologie der Tiere 3: 150–168.
Le Lay, G., Engler, R., Franc, E., Guisan, A. (2010): Prospective
sampling based on model ensembles improves the detection of
rare species. Ecography 33: 1015–1027.
O’Conner, R.J. (2002): The conceptual basis of species distribution
modeling: time for a paradigm shift?, pp. 25–33 In: Scott J.M.,
Heglund P.J., Morrison M.L., Haufler J.B., Raphael M.G., Wall
W.A., Samson F.B. (eds), Predicting species occurrences: issues
of accuracy and scale. Island Press, Washington, D.C.
Ortiz, J.C., Ibarra-Vidal, H. (2005): Amphibians and reptilians of the
Nahuelbuta range, pp. 427–440. In: Smith-Ramirez, C., Armesto,
J.J., Valdovinos, C. (eds), Historia, biodiversidad y ecología de
los bosques costeros de Chile. Editorial Universitaria bosque
nativo, first edition, Santiago, Chile.
Pearson, R.G., Raxworthy, C.J., Nakamura, M., Peterson, A.T.
(2007): Predicting species distributions from small numbers of
occurrence records: A test case using cryptic geckos in
Madagascar. Journal of Biogeography 34: 102–117.
Penna, M., Veloso, A. (1990): Vocal diversity in frogs of the South
American temperate forest. Journal of Herpetology 24 (1): 23–32.
Peterson, C.R., Burton, S.R., Patla, D.A. (2005): Geographic
information systems and survey designs, pp. 320–326. In:

106
Lannoo, M.J. (ed), Amphibian declines: conservation status of
United States species. University of California Press, Berkeley.
Philippi, R.A. (1902): Suplemento a los Batracios chilenos descritos
en la Historia Física y Política de Chile de Don Claudio Gay.
Santiago de Chile, 161 pp.
Phillips, S.J., Dudík, M., Schapire, R.E. (2004): A maximum entropy
approach to species distribution modeling, pp. 655–662. In:
Proceedings of the 21st International Conference on Machine
Learning. New York: ACM Press.
Phillips, S.J., Anderson, R.P., Schapire, R.E. (2006): Maximum
entropy modelling of species geographic distributions.
Ecological Modelling 190: 231–259.
Phillips, S.J., Dudík, M. (2008): Modelling of species distributions
with Maxent: new extensions and a comprehensive evaluation.
Ecography 31: 161–175.
Rachlow, J.L., Svancara, L.K. (2006: Prioritizing habitat for surveys
of an uncommon mammal: a modeling approach applied to
pygmy rabbits. Journal of Mammalogy 87(5): 827–833.
Rödder, D., Lötters, S. (2010): Potential distribution of the alien
invasive Brown tree snake, Boiga irregularis (Reptilia:
Colubridae). Pacific Science 64(1): 11-22.
Rödder, D., Kielgast, J., Bielby, J., Schmidtlein, S., Bosch, J., Garner,
T.W.J., Veith, M., Walker, S.F., Fisher, M.C., Lötters, S. (2009):
Global Amphibian Extinction Risk Assessment for the Panzootic
Chytrid Fungus. Diversity 1(1): 52–66.
Sanderson, E.W., Jaiteh, M., Levy, M.A., Redford, K.H., Wannebo,
A.V., Woolmer, G. (2002): The human footprint and the last of
the wild. Bioscience 52: 891–904.
Sodhi, N.S., Bickford, D., Diesmos, A.C., Lee, T.M., Koh, L.P.,
Brook, B.W., Sekercioglu, C.H., Bradshaw, C.J.A. (2008):
Measuring the meltdown: drivers of global amphibian
extinction and decline. PloS One 3(2): e1636.
Solis, R., Lobos, G., Walker, S.F., Fisher, M., Bosch, J. (2010):
Presence of Batrachochytrium dendrobatidis in feral populations of
Xenopus laevis in Chile. Biological Invasions 12: 1641–1646.
Stuart, S., Chanson, J.S., Cox, N.A., Young, B.E., Rodrigues, A.S.L.,
Fishman, D.L., Waller, R.W. (2004): Status and trends of

View publication stats

Bourke, J. et al.
amphibian declines and extinctions worldwide. Science 306:
1783–1786.
Stuart, S.N., Hoffmann, M., Chanson, J., Cox, N., Berridge, R.,
Ramani, P., Young, B. (2008): Threatened Amphibians of the
World. Lynx editions, 748 pp.
Torres, D., Castillo, H. (1973): Notas sobre la distribución
geográfica del “sapito vaquero” Rhinoderma darwini Dum. &
Bibr., 1841 (Amphibia, Anura, Dendrobatidae). Noticiario
mensual del Museo Nacional de Historia Natural, Santiago,
Chile, 17 (203–204): 7–9.
Úbeda, C., Veloso, A., Núñez, H., Lavilla, E. (2010): Rhinoderma
darwinii. In: IUCN 2011. IUCN Red List of Threatened Species.
Version 2011.1. <http://www.iucnredlist.org/apps/redlist/
details/19513/0>, accessed at: 2011.10.10.
Veloso, A., Núñez, H., Díaz-Paéz, H., Formas, R. (2010): Rhinoderma
rufum. In: IUCN 2010. IUCN Red List of Threatened Species.
Version 2010.4. <www.iucnredlist.org>, accessed at: 2011.06.02.
Wells, K.D. (2007): The Ecology and Behavior of Amphibians.
Chicago University Press, 1148 pp.
Wilhelm, O. (1927): La Rhinoderma darwinii D. y B. Boletín de la
Sociedad de Biología de Concepción, Chile I: 11–39.
Wisz, M.S., Hijmans, R.J., Li, J., Peterson, A.T., Graham, C.H.,
Guisan, A. (2008): Effects of sample size on the performance of
species distribution models. Diversity and Distributions 14(5):
763–773.
Young, B.E., Lips, K.R., Reaser, J.K., Ibáñez, R., Salas, A.W.,
Cedeño, J.R., Coloma, L.A., Ron, S., La Marca, E., Meyer, J.R.,
Muñoz, A., Bolaños, F., Chaves, G., Romos, D. (2001):
Population declines and priorities for amphibian Conservation
in Latin America. Conservation Biology 15(5): 1213–1223.

