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Historically, jaguars lived from southern Argentina to the southwestern United States, but due to anthropogenic pres-
sure, their range has been reduced to less than 46% of its original size. As almost half of this area is within Brazilian 
territory, the country is key to future jaguar conservation. Knowledge of geographic distribution has been recognized 
as an important issue to support conservation plans, and recently, climatic change has been shown to influence species 
distribution. This study estimated potential jaguar distribution using ecological niche modeling. We accumulated 1,049 
jaguar occurrence points and used climate and topographic data as predictive variables. We employed the Mahalanobis 
Distance Method to produce a historical and future distribution map, considering values for current and future climate, 
respectively. To estimate current jaguar distribution, we restricted the historical distribution according to the jaguar’s 
preferred habitat classes. While range of distribution changed little from current to future climate, the extent of more 
suitable areas was reduced. Areas with high predicted future suitability are currently under habitat conversion. Compa-
rison of these maps enables the identification of important areas for jaguar conservation in Brazil.  

On a global scale, the biggest threats 
to biodiversity result from human oc-
cupation of natural landscapes (Ehr-
lich 1997). The conversion of natural 
habitat and its fragmentation are direct 
consequences of this trend (Wilcox & 
Murphy 1985). Recently, global climate 
change has been cited as responsible for 
relevant alterations of species’ geogra-
phic distributions (Burns et al. 2003). 
The species’ response to past and cur-
rent climate modifications suggests that 
human climate change can act as a si-
gnificant cause for extinction in the near 
future (Thomas et al. 2004). 

The jaguar Panthera onca is the lar-
gest feline of the Americas, with a histo-
rical distribution ranging from southern 
Argentina to the southwestern United 
States (Seymour 1989). However, under 
hunting pressure and natural habitat con-
version (Fig. 1), the jaguar’s geographi-
cal distribution has reduced significant-
ly. It is considered regionally extinct in 
El Salvador and Uruguay (IUCN 2007), 
and is presently estimated to occupy less 
than 46% of its original range (Sander-
son et al. 2002a). Approximately 50% of 
the remaining distribution area is within 
Brazilian territory, making this country 
extremely important to guarantee long 
term jaguar conservation. Habitat varia-
bles, mostly related to vegetation cover, 
are important to determine jaguar dis-
tribution and possibly local abundance. 
Therefore, there is an increased concern 
about the loss of their habitats both due 
to direct human conversion and the pos-

sible alteration due to long-term clima-
tic change.

At the present time, one of the main 
goals of conservation is to quickly and 
inexpensively identify the most im-
portant areas for biodiversity conser-
vation. But species distribution data at 
precise scales are scarce and expensive 
to obtain in sufficient quantities to im-
plement this kind of analysis based on 
species occurrences only (Williams & 
Gaston 1994). Therefore, it is important 
to adopt different approaches. Range-
wide conservation plans should rely on 
the knowledge of a species’ past and 
present geographic distribution, as well 
as on distribution of the known impacts 
affecting its populations. This would 
enable a more precise assessment of its 
conservation status based on remaining 
habitat and estimated population size 
yielding better design of conservation 
efforts at a landscape scale (Sanderson 
et al. 2002a,b, Wikramanayake et al. 
2002). 

A common method long used to stu-
dy species geographic distribution con-
sists of projecting available presence 
records on a map and defining the area 
between them as a qualitative estimati-
on of the species’ range. However, this 
“dot map”–based estimation excessively 
simplifies biotic and abiotic distinctions 
of the covered area such as geographic 
variables, climatic differences and ha-
bitat types (Lim et al. 2002). More re-
cently, Species Distribution Modeling 
(SDM) based on Geographical Infor-

mation System (GIS) methods has been 
widely used as an alternative. This in-
novative method produces maps that in-
dicate where species are likely to occur 
(Fuller et al. 2007, Pearson et al. 2007) 
by a measure related to the probability 
of occurrence. This modeling approach 
has been favored as large scale climatic 
and ecological datasets have become 
available. Consequently, the efficiency 
and options to model and map complex 
relationships between species and envi-
ronment have increased (Rushton et al. 
2004, Johnson & Gillingham 2005). 

Fig. 1. Deforestation for extensive cattle 
ranching in the Brazilian Amazon biome 
(Photo Jaguar Conservation Fund/Instituto 
Onça-Pintada).
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The use of SDM to predict the po-
tential distribution of a species based on 
its ecological requirements, extrapola-
ting the data to unknown areas, can be 
useful for several objectives, including, 
among others, the prediction of effects 
of climatic change or estimating the 
real distribution of threatened and rare 
species (Peterson et al. 2002, Johnson 
& Gillingham 2005, Ortega-Huerta & 
Peterson 2005). However, as a species’ 
distribution is also constrained by biotic 
interactions, anthropogenic effects, sto-
chastic events and other factors that are 
not incorporated into the presence-only 
methods, results must be considered as 
potential distributions and not necessa-
rily as realized ones (Hortal et al. 2008, 
Jiménez-Valverde et al. 2008). Further, 
extending a regression beyond the li-
mits of the data from which it is deri-
ved bears uncertainty as it is impossible 
to know if the described relationship 
will persist in the same way (Kearney 
2006). 

Here, we estimate potential past, 
present and future jaguar distribution 
in Brazil using predictive modeling 
approaches. Considering the high dis-
persal abilities of this species (Quigley 
& Crawshaw 2002), small-scale con-
servation efforts that focus on narrowly 
defined areas may not be sufficient to 
guarantee its conservation (Sanderson 
et al. 2002a), and species distribution 
models may be an important tool to es-
tablish efficient conservation strategies 
for the jaguar. 

Methods
Modeling methods
There is a wide array of SDM tech-
niques and a number of reviews of their 
performance (e.g., Elith et al. 2006). It 
is recommended that biologists evaluate 
the performance of several methods to 
determine which one presents the best 
estimation for the species of interest 
(McNyset & Blackburn 2006, Stock-
man et al. 2006a,b). We chose mode-
ling techniques based on the constraint 
of using presence-only data, as absence 
data are rarely available (collections ty-
pically have no information about fai-
lure to observe the species at any given 
location, and true absence can usually 
not be distinguished from failure of de-
tection). Thus, we evaluated three mo-
deling procedures: the Genetic Algo-

rithm for Rule Set Production (GARP) 
(Stockwell & Peters 1999); the Maxi-
mum Entropy (Maxent) (Phillips et al. 
2006) and the Mahalanobis Distance 
Method (Mahalanobis 1936). Available 
techniques to evaluate model perfor-
mance based on the Receiver Operating 
Characteristics (ROC) curve (Manel et 
al. 2001) show very similar results for 
the three methods that varied from 0.910 
to 0.952, and reveal a good predictive 
value. However, Mahalanobis Distance 
method (MD) was the most consistent 
predictor of jaguar distribution at the 
majority of areas where its presence is 
known, so we present results under this 
model only.

Mahalanobis Distance is a method 
that ranks potential sites by their Maha-
lanobis distance to a vector that expres-
ses the mean environmental conditions 
of all the records in the environmental 
space. For each cell in the grid, the di-
stance from this mean is projected and 
represents a quantitative variable that is 
expected to be monotonic inversely cor-
related to the cell habitat suitability for 
the species. It is possible to define a di-
stance threshold based on the ROC pro-
cedure that is considered the boundary 
of the ecological niche (Farber & Kad-
mon 2003). This methodology provides 
a robust way of measuring how similar 
a set of conditions is to an optimum set, 
and can be useful for identifying which 
regions in a landscape are most simi-
lar to an optimum landscape (Jenness 
2003). Besides, MD is based on both the 
mean and variance of the predictive va-
riables, as well as the covariance matrix 
of them, and thus makes use of the co-
variance between the considered varia-
bles (Jenness 2003). Among the various 
methods designed to produce species 
range distribution based on a niche mo-

deling approach, MD was considered 
one of the most efficient methods in re-
cent reviews (Farber & Kadmon 2003, 
Nogués-Bravo et al. 2008).

Jaguar occurrence data
We compiled information (geogra-
phic coordinates) on known jaguar oc-
currence (from 1998 to 2008) from: 
1) scientific books and papers; 
2) online data bases: Global Biodiver-
sity Information Facility  GBIF - http://
www.gbif.org/; SpeciesLink - http://
splink.cria.org.br; Museum of Verte-
brate Zoology - http://www.mip.berke-
ley.edu/mvz/index.html); 
3) field records from the NGO Jaguar 
Conservation Fund, which were ob-
tained through camera trapping and in-
terviews with locals; and 
4) unpublished records from partner re-
searchers that kindly authorized the use 
of this information. 

We accumulated 1,053 occurrence 
points that were standardized to deci-
mal degrees. A detailed list of references 
and locations is available from the main 
author upon request.

We used a cell precision of 0.0417 
degrees (nearly 4 km precision in cells 
near the Equator Line).  Under this cons-
train there were 795 spatially unique re-
cords to use in the modeling process. 

Predictive variables
The predictive data for past and current 
distribution modeling consisted of six 
climatic variables (precipitation of war-
mest quarter, precipitation seasonality 
(coefficient of variation), annual pre-
cipitation, mean temperature of driest 
quarter, temperature seasonality (stan-
dard deviation *100) and annual mean 
temperature) derived from the WORD-
CLIM (http://www.worldclim.org/) and 

Table 1. Land cover classes preferred by Jaguars, selected from a Vegetation Map 
of South America (Eva et al. 2002).
Land cover classes selected
Closed evergreen tropical forest Semi deciduous transition forest
Open evergreen tropical forest Fresh water flooded forests
Bamboo dominated forest Permanent swamp forests
Closed semi-humid forest Grass savannah
Open semi-humid forest Shrub savannah
Closed deciduous forest Periodically flooded savannah
Open deciduous forest Closed shrublands
Closed semi deciduous forest Open shrublands
Open semi deciduous forest Periodically flooded shrublands
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two topographic variables (altitude and 
slope) derived from the Hydro-1K glo-
bal digital elevation model (http://edcd-
aac.usgs.gov/gtopo30/hydro/). All vari-
ables were converted to a grid resolution 
of 0.0417 degrees. To model future 
jaguar distribution, the same variables 
were used considering the Community 
Climate System Model – CCSM 3 (Ver-
tenstein et al. 2004). Composed of four 
separate models simultaneously simula-
ting the earth’s atmosphere, ocean, land 
surface and sea-ice, and one central 
coupler component, it allows evaluati-
on of future climate states (Vertenstein 
et al. 2004). 

To obtain a reliable prediction of 
the current jaguar distribution, we re-
stricted our past distribution model to 
areas of currently remaining natural 
vegetation classes preferred by jaguars, 
derived from a vegetation map of South 
America from 2000 (Eva et al. 2002), 
as vegetation types are not directly mo-
deled under our approach. This was not 
possible for future predictions as infor-
mation on natural vegetation changes is 
not available. 

Results
Modeling results for past jaguar distri-
bution were similar to historical maps 
from the literature (Seymour 1989), 
showing its distribution throughout 

most of Brazil, with the majority of the 
country’s area being highly suitable for 
the jaguar, except most of the Pampas 
biome (Fig. 2). 

A model restricted to the species’ 
preferred habitat (Fig. 3) to estimate 
current distribution shows areas that 
currently have the climatic conditions 
for potential occurrence of the jaguar 
and still present native vegetation co-
ver, considering information from 2000 
(Eva et al. 2002). It shows large suita-
ble vegetation blocks in the Amazon 
and Pantanal biomes, some parts of the 
central Cerrado (especially the Cerra-
do-Amazon ecotone) and the Caatinga 
biome. For the Atlantic Forest biome, 
however, the potential for jaguar oc-
currence is predicted only in extremely 
fragmented and isolated areas. 

The results based on climate change 
models shows that the main areas for 
jaguar persistence with suitable condi-
tions for its occurrence in the future will 
be concentrated in the Amazon, Cerrado 
and Atlantic Forest biomes (Fig. 4). 

Comparing historical and future dis-
tributions (Fig. 2 and 4), the overall area 
of distribution is not expected to change 
based on climate changes, but a decre-
ase in the most suitable areas is obvious. 
This prediction seems to be more seri-
ous if comparing with current distribu-
tion (Fig. 3) as many areas predicted to 

be suitable in the future actually suffer 
from deforestation. 

Discussion
Studies on conservation biology have 
confirmed the importance of increasing 
the scale of conservation planning, es-
pecially adopting methodologies that 
emphasize entities other than populati-
ons or the species as a target for conser-
vation effort. Thus, species distribution 
models are increasingly being used to 
inform conservation strategies, provi-
ding insights into the broad-scale envi-
ronmental niche of a species and its po-
tential distribution (Soberón & Peterson 
2005, Araújo & Guisan 2006, Soberón 
2007).

The apparent success of the MD 
method in describing jaguar distribution 
in Brazil may be due to the broad envi-
ronmental and geographic range of the 
jaguar occurrence dataset and the use of 
predictor variables that closely reflect 
known limits to its environmental distri-
bution. Some other studies have conclu-
ded that MD is an efficient technique for 
SDM (Farber & Kadmon 2003, Hell-
gren et al. 2007, Tsoar et al. 2007).

The use of a vegetation map to re-
strict potential distribution makes the 
estimation more consistent, and our re-
sults can be considered a reliable map 
of current jaguar distribution in Brazil. 

Fig. 2. Map of historical jaguar distribution in Brazil based on habitat 
modeling using Mahalanobis Distance. Progressively lower MD va-
lues (darker red) indicate progressively higher habitat suitability for the 
jaguars, while higher MD scores (grey) indicate unsuitable areas.

Fig. 3. Current jaguar distribution (shown in red), as predicted 
by the Mahalanobis Distance Method constrained by remaining 
native vegetation cover in Brazil.
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The areas indicated in this map must 
be considered as primary targets for 
jaguar conservation, especially if we 
consider the future distribution map, 
which shows that some areas predicted 
as highly suitable in the future are pre-
sently suffering severe human impact 
by deforestation.

Recently, modeling has been used to 
estimate distributions of species under 
future climatic scenarios, as the climatic 
global changes are apparently responsi-
ble for significant alterations in species’ 
geographic distributions (Burns et al. 
2003, Thomas et al. 2004, Broenniman 
et al. 2006). Nevertheless, these analy-
ses are based on complex climatic chan-
ge scenarios and should consider varia-
tion in land use, which may change as a 
response to climate change. Especially 
for jaguars, which present a broad bio-
climatic envelope, the potential negati-
ve effects of climatic changes might not 
be too dramatic generally. The potential 
overall jaguar distribution in Brazil does 
not seem to change when present or fu-
ture climate variables are examined, but 
a considerable difference is observed in 
the most suitable areas. However, in-
corporating changes in land use might 
provide different results.

Considering that under current theo-
retical niche models, smaller Mahalano-

bis distances mean 
habitats with near 
optimum conditions, 
and assuming a direct 
relation between op-
timal conditions and 
jaguar abundance, 
the most important 
prediction of our mo-
dels is the decrease of 
overall jaguar abun-
dances under a clima-
tic change scenario. 
Even if the potential 
distribution does not 
change, a decrease in 
local abundance in 
peripheral areas may 
lead to increased lo-
cal extinction. The 
worst prediction for 
jaguar conservation 
is that those areas 
with good habitat sui-
tability in the future 
(mainly Amazon and 

Cerrado areas) are located in the ‘arc 
of deforestation’ (Nogueira et al. 2008; 
Fig. 5), currently under strong pressu-
re of habitat conversion to soybean and 
sugarcane plantations. The interaction 
of current deforestation and the poten-
tial future decrease in jaguar abundance 
may restrict the opportunities for jaguar 
conservation actions and call for urgent 
measures to maintain viable jaguar po-
pulations in these areas. Considering 
that this is the most important threat for 
jaguars, monitoring of these changes is 
needed to guarantee its conservation.

Acknowledgements
This study was partially funded by the 
Monsanto Fund and Fundação O Boticário 
de Proteção a Natureza. Work by JAFDF 
and PMJ has been continuously supported 
by CNPq productivity grants. We thank all 
researchers that provided jaguar occurrence 
information used in this study. Thanks to 
Joaquín Hortal who kindly revised this ma-
nuscript.

References
Araújo M. B. and Guisan A. 2006. Five (or 

so) challenges for species distribution 
modelling. Journal of Biogeography 33, 
1677-1688.

Broenniman O., Thuiller W., Hughes G., 
Midgley G. F, Alkemade J. M. R. and 
Guisan A. 2006. Do geographic distribu-
tion, niche property and life form explain 

plants‘ vulnerability to global change? 
Global Change Biology 12, 1079-1093.

Burns C. E., Johnston K. M. and Schmitz O. 
J. 2003. Global climate change and mam-
malian species diversity in U.S. national 
parks. PNAS 100, 11474-11477.

Ehrlich P. R. 1997. A perda da biodiversida-
de: causas e consequências. In Biodiver-
sidade. Wilson E. O. (Ed.). Nova Frontei-
ra, Rio de Janeiro, pp. 27-35.

Elith J., Graham C.H., Anderson R.P., Dudík 
M., Ferrier S., Guisan A., Hijmans R. J., 
Huettmann F., Leathwick J.R., Lehmann 
A., Li J., Lohmann L.G., Loiselle B.A., 
Manion G., Moritz C., Nakamura M., Na-
kazawa Y., Overton J.M., Peterson A.T., 
Phillips S.J., Richardson K., Scachetti-
Pereira R., Schapire R.E., Soberón J., 
Williams S., Wisz M.S. and Zimmermann 
N. E. 2006. Novel methods improve pre-
diction of species‘ distributions from oc-
currence data. Ecography 29, 129-151.

Eva H. D., de Miranda E. E., Di Bella, C. 
M., Gond V., Huber O., Sgrenzaroli 
M., Jones S., Coutinho A., Dorado A., 
Guimarães M., Elvidge C., Achard F., 
Belward A. S., Bartholomé E., Baraldi 
A., De Grandi G., Vogt P., Fritz S. and 
Hartley A. 2002. A Vegetation map of 
South America, European Commission, 
Luxembourg.

Farber O. and Kadmon R. 2003. Assessment 
of alternative approaches for bioclimatic 
modeling with special emphasis on the 
Mahalanobis distance. Ecological Mo-
delling 160, 115-130.

Fuller T., Sánchez-Corderdo V., Illoldi-Ran-
gel P., Linaje M. and Sarkar S. 2007. The 
Cost of Postponing Biodiversity Conser-
vation in Mexico. Biological Conservati-
on 134, 593-600.

Hellgren E. C., Bales S. L., Gregory M. S., 
Leslie D. M. Jr. and Clark J. D. 2007. 
Testing a Mahalanobis Distance Model 
of Black Bear Habitat Use in the Ouachi-
ta Mountains of Oklahoma. Journal of 
Wildlife Management 71, 924-928.

Hortal J., Jiménez-Valverde A., Gómez J. F., 
Lobo J. M. and Baselga A. 2008. Histo-
rical bias in biodiversity inventories af-
fects the observed realized niche of the 
species. Oikos 117, 847-858.

IUCN. 2007. 2007 IUCN Red List of Thre-
atened Species. <www.iucnredlist.org>. 
Downloaded on 03 August 2008.

Jenness J. 2003. Mahalanobis distances (ma-
halanobis.avx) extension for ArcView 
3.x, Jenness Enterprises, Flagstaff, AZ, 
USA. www.jennessent.com/arcview/ma-
halanobis.htm.

Jiménez-Valverde A., Lobo J. M. and Hortal 
J. 2008. Not as good as they seem: the 
importance of concepts in species distri-
bution modelling. Diversity and Distri-
butions.

Fig. 4. Map of future jaguar distribution in Brazil based on habitat 
modeling using Mahalanobis Distance considering climate change. 
Progressively lower MD values (darker red) indicate progressively 
higher habitat suitability for the jaguars, while higher MD scores 
(grey) indicate unsuitable areas.



�	 Autumn 2008

Johnson C. J. and Gillingham M. 2005. An 
evaluation of mapped species distribution 
models used for conservation planning. 
Environmental Conservation 32, 1-12.

Kearney M. 2006. Habitat, environment and 
niche: what are we modelling? Oikos 
115, 186-191.

Lim B. K., Peterson A. T. and Engstrom, M. 
D. 2002. Robustness of ecological niche 
modelling algorithms for mammals in 
Guyana. Biodiversity and Conservation 
11, 1237-1246.

Mahalanobis P.C. 1936. On the generalized 
distance in statistics, Proceedings Natio-
nal Institute of Science 12, 49-55.

Manel S., Williams H. C. and Ormerod S. J. 
2001. Evaluating presence-absence mo-
dels in ecology: the need to account for 
prevalence. Journal of Applied Ecology 
38, 921-931.

McNyset K. M. and Blackburn J. K. 2006. 
Does GARP really fail miserably? A re-
sponse to Stockman et al. (2006). Diver-
sity and Distributions 12, 782-786.

Nogueira E. M., Nelson B. W., Fearnside P. 
M., França M. B. and Oliveira A. C. A. 
2008. The height in Brazil’s ‘arc of de-
forestation’: Shorter trees in south and 
southwest Amazonia imply lower bio-
mass. Forest Ecology and Management 
255, 2963-2972.

Nogués-Bravo D., Rodríguez J., Hortal J., 
Batra P. and Araújo M. B. 2008. Climate 
change, humans and the extinction of the 
woolly mammoth. PLoS Biology 6, e79. 

Ortega-Huerta M. A. and Peterson A. T. 
2005. Modelling spatial patterns of bio-
diversity for conservation prioritization 
in North-eastern Mexico. Diversity and 
Distributions 10, 39-54.

Pearson R. G., Raxworthy C. J., Nakamura 
M. and 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.

Peterson A. T., Ball L. G. and Cohoon K. P. 
2002. Predicting distributions of Mexican 
birds using ecological niche modelling 
methods. Ibis 144 (online), E27-E32.

Phillips S. J., Anderson R. P. and Schapire 
R. E. 2006. Maximum entropy modeling 
of species geographic distributions. Eco-
logical Modelling 190, 231-259.

Quigley H. B. and Crawshaw P. G. Jr. 2002. 
Reproducción, crecimiento y dispersión 
del jaguar en la región del Pantanal de 
Brasil. In El jaguar en el nuevo milenio: 
una evaluación de su estado, detección 
de prioridades y recomendaciones para la 
conservación de los jaguares en América. 
Medellín R. A., Equihua C., Chetkiewicz 
C. B., Crawshaw P. G. Jr., Rabinowitz A., 
Redford K. H., Robinson J. G., Sander-
son E. W. and Taber A. B. (Eds) México, 
D. F.: Universidad Nacional Autonoma 
de México and WCS.

Rushton S. P., Ormerod S. J. and Kerby 
G. 2004. New paradigms for modelling 
species distributions? Journal of Applied 
Ecology 41, 193-200.

Sanderson E., Redford K. H., Chetkiewicz 
C., Medellin R. A., Rabinowitz A., Ro-
binson J. G. and Taber A. 2002a. Plan-
ning to save a species: the jaguar as a 
model. Conservation Biology 16, 58-72.

Sanderson E., Redford K. H., Vedder A., 
Coppolillo P. B. and Ward S. E. 2002b. A 
conceptual model for conservation plan-
ning based on landscape species require-

ments. Landscape and urban planning 
58, 41-56.

Seymour K. L. 1989. Panthera onca. Am Soc 
Mamm Mammalian Species 340, 1-9.

Soberón J. 2007. Grinnellian and Eltonian 
niches and geographic distributions of 
species. Ecology Letters 10, 1115-1123.

Soberón J. and Peterson A.T. 2005. Interpre-
tation of models of fundamental ecologi-
cal niches and species‘ distribution areas. 
Biodiversity Informatics 2, 1-10.

Stockman A. K., Bearner D. A. and Bond 
J. E. 2006a. An evaluation of a GARP 
model as an approach to predicting the 
spatial distribution of non-vagile inverte-
brate species. Diversity and Distributions 
12, 81-89. 

Stockman A. K., Bearner D. A. and Bond J. 
E. 2006b. Predicting the distribution of 
non-vagile taxa: a response to McNyset 
and Blackburn (2006) and re-evaluation 
of Stockman et al. (2006). Diversity and 
Distributions 12, 787-792.

Stockwell D. and Peters D. 1999. The 
GARP modelling system: problems and 
solutions to automated spatial prediction. 
International Journal of Geographical In-
formation Science 13, 143-158.

Thomas C. D., Cameron A., Green R. E., 
Bakkenes M., Beaumont L. J., Colling-
ham Y. C., Erasmus B. F., De Siqueira M. 
F., Grainger A., Hannah L., Hughes L., 
Huntley B., Van Jaarsveld A. S., Midgley 
G. F., Miles L., Ortega-Huerta M. A., Pe-
terson A. T., Phillips O. L. and Williams 
S. E. 2004. Extinction risk from climate 
change. Nature 427, 145-148.

Tsoar A., Allouche O., Steinitz O., Rotem 
D. and Kadmon R. 2007. A comparative 
evaluation of presence-only methods for 
modelling species distribution. Diversity 
and Distributions 13, 397-405.

Vertenstein M., Craig T., Henderson T., 
Murphy S., Carr G. R. J. and Norton N. 
2004. CCSM3.0 User’s Guide. Commu-
nity Climate System Model. National 
Center for Atmospheric Research, Boul-
der, CO.

Wikramanayake E., Dinerstein E., Loucks 
C., Olson D., Morrison J., Lamoreux J., 
Mcknight M. and Hedao P. 2002. Eco-
regions in Ascendance: Reply to Jepson 
and Whittaker. Conservation Biology 16, 
238-245.

Wilcox B. A. and Murphy D. D. 1985. Con-
servation strategy: the effects of the frag-
mentation on extinction. The American 
Naturalist 125, 879-887.

Williams P. H. and Gaston K. J. 1994. Mea-
suring more of biodiversity: can higher-
taxon richness predict wholesale species 
richness? Biological Conservation 67, 
211-217.

Fig. 5. Areal view of a region in the state of Mato Grosso, located within the so-called Arc of 
Deforestation, one of the main areas that retain high potential suitability for jaguars when mode-
ling the species’ distribution under future climate changes, but currently threatened by extensive 
habitat conversion (Photo Jaguar Conservation Fund/Instituto Onça-Pintada).


