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Figure 2 Predicted distribution of the fundamental niche of (Al the chytrid
fungus Batrachochytrium dendrobatidis, and (B) the Jambato toad, Atelopus
ignescens, in Eeuador, South America. Darker yellow and red tones indicate a
higher probabiiity of cecurrence. (G) shows areas of overlap betwsen both spe-
cigs (gray areas). Red and yellow tones show areas of no overlag. Madels were
built from nine chytrid and 76 A. lgnescens localities of known occurrence
using MAXENT (Phillips et al. 2004). A 0.5 threshold was used to transform
the probability data to presence/absence data for the chytrid fungus modal
The predicted areas for the pathogen and the host overiap widely.

published by Ron {2005). Niche modelling was used to predict the distribution
ot the chytrid fungus Batrachochytrium dendrobaticis, in the New Warld, The
predictions indicate that the regions of highest suitahility for the chytrid are
also the areas with the most diverse amphibian faunas worldwide. This study
makes recammendations for management based an the fact that regions
suitable for the establishment of the pathogen are widespread and that the
pathogen has been regularly found in the pet trade. Specifically, Ron |2005)
suggests the implementation of severe trade regulations for live amphibians
to avaid anthmpogenic spread of the pathogen,

The predictad occurrence of the chytrid fungus under a wide variaty of
enviranmental regimes and hahitat types contrasts with the fact that most
racords for the chytrid fungus in the West Indies, Cantral, and South America
are restricled to a somewhat limited portion of the predicted environmental
niche (e.0.. fram montane forests and paramos). This asymmetry probably
results from the inclusion of North American records in the process of model
building, and highlights potential biases in the application of environmental
niche modelling when the underlying locality data is not 2 representative
sample of the pathogen’s environmental niche. Ideally, the input of the model
should consist of positive localities found from uniform sampling throughout
the distribution range. In reality, the distribution of positive records is
biased by accessibility to field sites, availability of museum collections and
sconomic resources, and even by scientists’ idinsyncrasies le.q., a prior
perceptions of where the pathogen should occur), Other sources of model
arrar are false positive localities and the exclusion of niche dimensions
that are relevant to limit the pathogen niche. Comprehensible reviews of
these sources of error are provided by Guisan and Zimmerman {2000} and
Guisan and Thuiller (2005).

Predicting pathogen and host overlap

Ta exemplify the applicability of ecological niche modelling in the study of
amphibian declines, we modelled the distribution of bath the chytrid fungus
and the Jambato Toad, Atelopus ignescens (CR), In Ecuador. The Jambato
Toad was ance widespread and common (n the narthern Andes and repra-
sents a well-documented case of the disappaarance of an amphibian in the
Neotropics during the late 1980s. Actording to our predictions, the geoaraphic
distribution of chytrid in Ecuador overlaps widely with that of the Jambato
Toad {Figure 2|. The environmental envelope analysis shows that both have
very similar environmental requirements (i.e.,, low temperatures during the
coldest and driest seasons; Figure 3). These results suggest an ecological
and geographical association between both species that is consistent with
hypotheses implicating the chytrid fungus in the extinction of the Jambato
Toad and ather Andean amphibians {Ran et al 2003; Pounds et af. 2008). More
detailed studias to axplore the ovarlap between the niche space of threatened
spacies and the chytrid fungus would be valuable to help clarify the role of
this pathogen in widespread amphibian population declines.

Newly available information

Several new types of information should be used ta improve our understand-
ing of the peographic and ecological distribution of the chytrid fungus and
other pathogens of amphibians, as well as to predict how these distributions
will change as a result of anthropogenic activities. The past several years
have witnessed a tremendaus increase in the availability of information that
includes extensive databases on species occurrance (hosts and pathogens|,
high-resolution spatial data from remati-sensing platforms, comprehensive
treatments of species phylogenias, and new insights on pathogen environ-
mental physiology. Species occurrence records can be used to evaluate the
spatial overlap of amphibian species and pathogens to assess extinction
nsks in the context of their raspective evolutionary histories. Fine-grained
remotely sensed information and faster computer processors should allow us
10 huild more precise and refined predictions of amphibian disease outbreaks
using ecological niche modelling, At present, the temporal resolution of
climate maps i3 30 years, which is too gross to predict disease driven by
demographic processes. Finally, manipulative exparimentation has resulted
in new information about the physiology of chytrid fungus that can also be
used ta refine distribution modsls.,

We expect that the combination of these diverse sources of information
in the framework of ecological niche modelling will contribute significantly
1o understand disease epidemiolagy. New insights on disease distribution

Threatened Amphibians of the World

A. Chytrid distribution mode!

2
20-40
v 406D
o 500}
- F0-100

and spread would also help to develop and test hypotheses on disease
dynamics that will improve our capacity to design effective conservation
programmes for amphibians.

Pablo A. Menéndez-Guerrero, Santiago R. Ron
and Catherine H. Graham
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Figure 3. Axes [ and Il from principal components analysis based on 19
environmental variables in Ecuador. Gray circles: 2000 random focations within
the Chytrid fungus predicted niche distribution; green circles: 296 localities of
knawin occurrence of Ecuadorian endemic species of amphibians in the genera
Colostethus and Atelopus. blue squares: 9 localities of known occurrence of
Chytrid fungus Batrachochytrium dendrobatidis; red circles: 74 localities of
known occurrence of Jambato Toad Atelopus ignescens. So far, all examined
specimens of A. ignescens for chytridiomycosis have tested negative (Ron et
al. 2003) However, the overlap between chytrid fungus mode! and Jambato
toad’s occurtences in the environmental space is evident. Lacality data is
from specimens deposited in Field Museum of Natural History, Musea de
Zoologla Pontificia Universidad Catdlica del Fcuader, Museo de Historia
Natural Gustavo Orcss, Museum of Comparative Zoology Harvard University,
Museum of Zoology University of Michigan, Museum of Vertebrate Zoology
University of California, Natural History Museum University of Kansas, and
Natural History Museum of Los Angeles County.

ESSAY 11.5. ON THE ROLE OF EX-SITU MANAGEMENT IN THE CONSERVATION OF AMPHIBIANS

The best place to conserve wildlife is in the wild. Howeves, in-situ threats
sometimes cannat be mitigated quickly enough to prevent the extinction of
a species in the immediate future, with the result that ex-sitw intervention
then becomes the only option available, However, given the magnitude of the
prablem versus the currently limited resourcas of the global ex-situcommunity,
there simply is no room for most species in need of ex-situmanagement. For
example, we astimata that the global 200 community can currently manage

viable populations of -50 amphibian species. which amounts to perhaps
10% of those requiring ex-situ intervention. Much ex-sity space exists in
the private sector, but very litfie is currently utilized for conservation, with a
few notable exceptions. Other imitations of ex-situ programmes are expense
and risk of disease transmission, inbreeding and artificial selection. Ex-situ
programmes must be placed in the broader context of integrated recovery
efforts: they are one component of the global conservation response, one

that cannot stand alone, and one whose success still ultimately relies upon
mitigation of the in-situ threats.

We see five conservation rales for ex-situ populations, balancing their
potential contributions with their inherent limitations, all of which directly
or indirectly benefit wild populations:

* management for release to augment or restore wild populations
* ponservation research



