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a b s t r a c t

Large, wide-ranging carnivores face greater threats and more persistent declines than most other mam-
mal species. An important conservation tool for these carnivores has been range-wide priority-setting
exercises that have helped identify critical threats and key populations. However, such exercises often
fail to identify functional movement corridors or account for genetic connectivity. We present a new
model for jaguar (Panthera onca) conservation that uses a geographic information system (GIS) and expert
input to create a dispersal cost surface and identify least-cost corridors connecting the 90 known popu-
lations across the jaguar’s range. Results indicate 78% of historic jaguar range, an area of approximately
14.9 million km2, still holds potential for jaguar movement and dispersal. We identified 182 potential
corridors between populations, ranging from 3 to 1607 km in length; 44 of these corridors are character-
ized as being of immediate concern due to their limited width, and thus their high potential for being
severed. Resultant maps, displaying priority populations and corridors, are used to direct field-based
research and conservation efforts. Field assessment and refinement of the corridors is ongoing. This is
the first attempt to create and implement such a holistic model of range-wide conservation for a large
carnivore species.

� 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Over the past century, species extinction has accelerated an
estimated 1000 times more rapidly than expected background
rates (Pimm et al., 1995; Millennium Ecosystem Assessment,
2005). The acknowledged causes of such extinction rates include
the extensive loss of wild habitats and the deterioration of genetic
diversity within increasingly small, isolated populations. Larger,
wide-ranging carnivore species have historically shown periods
of extensive range collapse and high extinction rates (Purvis
et al., 2001) and are, at present, in persistent and continuing de-
cline (Ginsberg, 2001).

Range-wide priority-setting exercises for large carnivores have
been important tools for shifting the traditional conservation par-
adigm from a focus on discrete populations or geographic regions
to a consideration of how aggregate populations or metapopula-
tions contribute to the biology, conservation, and extinction poten-
tial of a species as a whole (Wikramanayake et al., 1998, 2004;
Sanderson et al., 2002, 2006; Thorbjarnarson et al., 2005). Such
exercises also necessitate conservation thinking beyond protected
areas, in regions of heaviest carnivore mortality (Woodroffe and
Ginsberg, 1998). Unfortunately, most range-wide priority-setting

exercises have fallen short on addressing corridors and connectiv-
ity. Corridors can provide one of the most basic requirements for
species persistence–genetic exchange. Reduction or loss of genetic
exchange leads to smaller effective population sizes (Frankham,
1996), increased levels of genetic drift and inbreeding (Soulé and
Mills, 1998; Young and Clarke, 2000; Stockwell et al., 2003), and
potential deleterious effects on sperm production, mating ability,
female fecundity, and juvenile survival (Frankham et al., 2002).
Such effects eventually compromise adaptive potential (Saccheri
et al., 1998; Lehmann and Perrin, 2006), reduce fitness, and con-
tribute to extinction risk for a population and, ultimately, for the
species (Frankham, 2005). Finally, corridors may increase the
chances of persistence in small populations by providing opportu-
nities for ameliorating the negative effects of demographic and
environmental stochasticity (Brown and Kodric-Brown, 1977; Hilty
et al., 2006).

We present an approach that moves beyond the traditional
range-wide species conservation models by identifying, assessing,
and implementing potential travel corridors between core popula-
tions of the jaguar (Panthera onca). The jaguar, a near-threatened
species (IUCN, 2009) and the largest cat in the New World, histor-
ically occupied a continuous range from the southern United States
to central Argentina (Swank and Teer, 1989). By the end of the 20th
century, hunting for the fur trade, persecution for livestock depre-
dation, and habitat loss caused an estimated 54% reduction in the
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historic range of the jaguar, with high levels of habitat fragmenta-
tion (Sanderson et al., 2002). Yet studies of genetic variation among
jaguars using mitochondrial DNA from fecal samples showed little
evidence of significant geographical partitions and barriers to gene
flow range-wide (Eizirik et al., 2001; Johnson et al., 2002; Ruiz-
Garcia et al., 2006). The genetic data supported earlier morphomet-
ric analyses (Larson, 1997) indicating a single taxon, counter to the
division of jaguars into any of the eight subspecies accepted at the
time (Pocock, 1939).

These studies highlight the fact that the jaguar has maintained
relatively high levels of gene flow throughout its range in the re-
cent past. Given this, and the demographic benefits of corridors,
we recognized that identifying connectivity between jaguar breed-
ing areas is a vital component in conservation planning for the spe-
cies. This paper describes our process for indentifying potential
jaguar corridors between the 90 known populations of jaguars, or
Jaguar Conservation Units (JCUs), identified in earlier range-wide
priority-setting exercises (Sanderson et al., 2002; Zeller, 2007).

2. Methods

We chose a least-cost functional connectivity model (Adriaen-
sen et al., 2003; Epps et al., 2007) to analyze jaguar range for cor-
ridors. Because functional connectivity requires accounting for
both landscape structure and species’ responses to the landscape
(Pither and Taylor, 1998), we used a grid-based model in which
movement costs were assigned to each landscape element in the
intervening matrix (Ray et al., 2002). We sought to quantify the po-
tential difficulty, or ease, with which jaguars could move across
any given landscape within jaguar range in a permeability matrix
(Bélisle, 2005; McRae, 2006). Using such a matrix allows us to ex-
pand beyond the simple notion of habitat connectivity, where two
patches are connected by a swath of similar habitat type, by quan-
tifying different landscape features that a large carnivore such as a
jaguar might use (Singleton et al., 2002). With such a landscape
matrix in place, we could then perform a least-cost-corridor anal-
ysis between known jaguar populations in order to delineate po-
tential movement corridors across the matrix.

2.1. Geographic information system (GIS) layer compilation

Using ArcGIS v9 software, we chose six GIS-based landscape
characteristics considered to most affect jaguar movement and
survival: land cover type, percent tree and shrub cover, elevation,
distance from roads, distance from settlements, and human popu-
lation density (Table 1). Land cover type, percent tree and shrub
cover, and elevation are closely related to movement behavior in

many large mammal species (Carroll et al., 2003; Naves et al.,
2003; Dickson et al., 2005), whereas distance from roads, distance
from settlements, and human population density are considered to
be correlated with human persecution of jaguars, including direct
mortality (Naves et al., 2003; Rabinowitz, 2005; Woodroffe et al.,
2005). Layers were standardized to the same projection and re-
sampled to a 1 km2 grid. The roads and settlements vector layers
were converted into distance grids using the Spatial Analyst
Euclidean Distance function.

2.2. Creation of cost surface or permeability matrix

Least-cost path analyses and individual-based movement mod-
els for wide-ranging animals depend on an understanding of how
individuals move (Dickson et al., 2005). Since scientific data on jag-
uar dispersal was not available, we asked 15 jaguar experts
throughout jaguar range to assign cost values to the attributes of
the individual landscape layers based on how costly a particular
attribute would be to jaguar movement. Cost values ranged from
0 (no cost to jaguar movement) to 10 (a high cost for jaguar move-
ment). Attributes could be assigned an N/A if the physical charac-
teristics of that cell would prevent a jaguar from moving through
it. Experts also provided a value representing the cumulative cost
of all the layers beyond which a jaguar would not likely travel.
We averaged the values across the jaguar’s range to obtain an over-
all movement cost for the attributes of each landscape layer (Ta-
ble 2). Movement costs were then applied to each cell of the six
grids and the grids were combined into one layer by adding them
in Raster Calculator. To create the final cost surface or permeability
matrix, we reclassified the output from the Raster Calculator so
that all the pixels whose sums were above 25 (the average cumu-
lative score indicating a barrier to movement) represented a break
in the matrix.

2.3. Corridor delineation

To determine optimal routes of travel across the permeability
matrix, we used the Cost-Distance function in Spatial Analyst to
create movement cost grids from each of the 90 JCUs. This tool
accumulates costs as it moves away from a population, taking into
account distance and direction. These cost-distance grids were
used as inputs for the Corridor function in Spatial Analyst. We used
the Corridor function between all proximate pairs of jaguar popu-
lations to derive least-cost corridors between these populations. To
combine all overlapping corridors and display the best routes for
jaguar movement, we used the minimum mosaic method and then
extracted the lowest 0.1% of grid cell values. While no empirical

Table 1
Geographic data bases used for creating the jaguar permeability matrix.

Data Base Dataset name and scale Year of data Source

Elevation Global 30 arc-second elevation data set
1 km resolution

1996 Center for earth resources observation and science (EROS)

Land cover type Global land cover 2000
1 km resolution

1999–2000 Global land cover 2000

Percent tree and shrub
cover

Continuous vegetation fields
500 m resolution

2000 Global land cover facility

Population settlements Vector map level 0 population settlements
1:1,000,000 scale

1960s–1990s National imagery and mapping agency (NIMA)

Human population density Gridded population of the world v3
2.5 min resolution

2000 Center for international earth science information network
(CIESIN)

Roads Vector map level 0 roads
1:1,000,000 scale

1960s–1990s National imagery and mapping agency (NIMA)
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data exist on the width at which corridors fully lose their function-
ality, corridor width likely becomes more important as the corridor
length increases. Beier (1993) suggested cougar corridors to be at
least 400 m wide, while Florida panthers disperse through areas
3–7 km wide (Kautz et al., 2006). In this model, we made special
demarcation of corridors less than 10 km in width at any
point along their length; these were designated corridors of
concern due their potential to be severed or become genetic
bottlenecks.

2.4. Field-based corridor assessment and corridor refinement

While the least-cost corridors focus our efforts on areas with
potential connections between jaguar populations, these analyses
do not account for jaguar prey availability, inherent errors with
GIS data, changes to the landscape since the GIS data were col-
lected, and the error associated with subjective expert opinion of
resistance values (Beier et al., 2008). Therefore, we are currently
assessing the GIS-based corridors in the field. Using detailed land
cover classifications developed from recent satellite imagery for
areas between JCUs, we examine the landscape for habitat that
may have been erroneously excluded from the least-cost corridor
analysis. We then apply a grid-based data collection protocol using
standardized interview techniques with local people about jaguars
and prey species (Zeller et al., unpublished results) as an indirect
index to create presence–absence data for an occupancy analysis
(MacKenzie et al., 2002; Stanley and Royle, 2005). Only first-hand
sightings of jaguars or jaguar sign by the interviewees are re-
corded. We check the reliability of responses using photographs
of target species. We also include sightings or sign of jaguar col-
lected by the field teams in the presence–absence data. The resul-
tant probability of habitat use of jaguars and prey are used to
identify the most functional corridors between JCUs. Where appro-
priate, corridor boundaries are adjusted based on these field
assessment data.

3. Results

The final permeability matrix from this analysis (Fig. 1), repre-
sents areas that could potentially be used by a dispersing jaguar.
The results indicate that 78% of the jaguar’s historic range still al-
lows for potential jaguar movement. The least-cost corridor analy-
sis resulted in corridors connecting all JCUs except two, between
the Sierra de las Minas JCU in southern Guatemala and the Pico Bo-
nito/Texiguat JCU in north central Honduras. Fig. 2 portrays the
182 resultant corridors. These corridors represent areas with both
the shortest distance and least dispersal cost between jaguar pop-
ulations. The total area of all 90 JCU’s is 1.9 million km2 (Zeller,
2007), while the total area of the corridors connecting these JCUs
is 2,562,378 km2. For Mexico and Central America, the average cor-
ridor length between known jaguar populations is 174.42 km
(range: 3–1102 km) compared to South America with an average
corridor length of 489.14 km (range: 12–1607 km). Including the
Guatemala/Honduras connection, the model indicates five corridors
of concern in Central America and Mexico and 39 corridors of con-
cern in South America (Fig. 2).

Of the 32 JCUs that were ranked as having the highest priority
for jaguar conservation (Zeller, 2007), 17 are linked to other JCUs
by corridors of concern. Clusters of the highest priority JCUs and cor-
ridors of concern are found in the extreme northern and southern
parts of jaguar range as well as in Colombia, a critical link for jag-
uar connectivity between Central and South America (Fig. 2). These
clusters point to areas where efforts would significantly contribute
to a range-wide jaguar conservation strategy.Ta
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4. Discussion

The negative effects of habitat loss and fragmentation, particu-
larly on large-bodied, wide-ranging, solitary carnivores is well doc-
umented (Crooks, 2002). Conservation biology theory suggests that
corridors between isolated habitat patches may maintain levels of
genetic exchange through inter-population dispersal (Hanski and
Ovaskainen, 2000; Mech and Hallett, 2001) and may contribute
positively to demographic factors and metapopulation dynamics
(Gilpin and Hanski, 1991; Hanski, 1998). While corridor cost and
functionality can be questioned (Simberloff and Cox, 1987; Sim-
berloff et al., 1992; Horskins et al., 2006), a growing body of liter-
ature supports corridors as valuable conservation tools (Beier and
Noss, 1998) that can help preserve the viability of a species (Gilpin

and Soulé, 1986; Noss, 1987; Lidicker and Koenig, 1996; Mech and
Hallett, 2001; Coulon et al., 2004; Wikramanayake et al., 2004; Hil-
ty et al., 2006).

Ours is the first attempt to identify and implement functional
corridors throughout the entire range of a large carnivore species.
In our model, we used a permeability matrix to identify potential
dispersal corridors between known jaguar breeding populations.
In conjunction with data from previous analyses (Sanderson
et al., 2002; Zeller, 2007), our results help to prioritize not only
individual jaguar populations, but corridors between populations
for a truly range-wide framework for jaguar conservation and
planning.

The jaguar situation is unique. While most landscape analyses
detect genetic discontinuities of a species after the fact (McRae

Fig. 1. Jaguar dispersal permeability matrix. The lower the value the more permeable a pixel is to jaguar movement.

942 A. Rabinowitz, K.A. Zeller / Biological Conservation 143 (2010) 939–945
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and Beier, 2007), preliminary genetic data on jaguars indicate po-
tential linkages between jaguar populations that were not previ-
ously considered. This allows us to examine how landscape
features might be allowing, rather than preventing, jaguar dis-
persal and movements between seemingly disparate populations.

For the jaguar, the permeability matrix can be defined by the
landscape characteristics that appear to still facilitate movement
and gene flow between separated populations (Harris and Scheck,
1991). With 78% of the jaguar’s historic range still potentially
allowing movement through the landscape, we have the opportu-
nity to identify specific routes of travel that can be used by jaguars.
While we recognize this may no longer be possible for most other
large-bodied, wide-ranging carnivore species, potential dispersal
pathways that can enhance effective population sizes, or create

metapopulations, should always be considered in any comprehen-
sive species conservation plan.

While scientific data on jaguar dispersal or long range move-
ments are lacking, de Almeida (1990) cites jaguars moving 15 km
or more in a single night on hunting patrols in the Brazilian Pant-
anal. Crawshaw and Quigley (1991) and Crawshaw (1995) docu-
mented dispersal distances of 30 and 64 km respectively for male
jaguars in different areas of Brazil. One jaguar dispersed for three
months, a second for eight months before being killed. Leopold
(1959) speculated that a jaguar killed in California in the 1950s
had traveled more than 800 km from its point of origin.

Clearly, the occasional jaguar traversing corridors ranging from
3 to 1607 km in length throughout their range is not unlikely.
However, as distances between core jaguar populations increase,

Fig. 2. Jaguar Conservation Units, Least-Cost Jaguar Corridors and Corridors of Concern. Jaguar Conservation Units and their level of prioritization from the latest range-wide
priority-setting exercise (Zeller, 2007) are displayed along with the least-cost jaguar corridors and corridors of concern from our jaguar connectivity model.

A. Rabinowitz, K.A. Zeller / Biological Conservation 143 (2010) 939–945 943
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relatively small patches of habitat that might not normally support
even a single resident jaguar take on greater importance. Such
stepping stone islands, where a jaguar might rest and/or feed,
greatly increase the ability of individuals to disperse (Sondgerath
and Schroder, 2001) and thus become important landscape fea-
tures for possible connectivity (Harris, 1984). The identification
and maintenance of these stepping stones will be an integral ele-
ment in corridor conservation and planning.

The fact that many dispersing carnivores are killed once they
travel outside of protected areas is balanced by the fact that very
few individuals need to succeed in their trek to other populations.
Mills and Allendorf (1996) suggested that populations needed at
least one migrant but not above 10 migrants per generation to pre-
serve genetic vigor. Recent data indicate that isolated jaguar popu-
lations that have shown divergent genetic patterns are eventually
‘‘rescued” by the occasional immigrant that disperses into these
populations (E. Eizirik, personal communication). Computer simu-
lations also indicate that subdivided populations typically preserve
more alleles and maintain more heterozygotes over the long term
than do intact populations with the same total numbers of individ-
uals (Boecklen, 1986) – suggesting that smaller populations con-
nected by occasional migrants may have genetic advantages. To
account for demographic and environmental stochasticity and
markedly increase the probability of population persistence, it
was found that as few as one to four cougars per decade are needed
to immigrate into a small population (�20 animals) (Beier, 1993).

An important goal of our work was to create a valid framework
for practical conservation actions on the ground. The least-cost
corridor model provides that framework, given a quantifiable set
of limits on physical and biological features important to jaguars.
The scale of the analysis, the fact that animals don’t always act
the way we predict, and the limitations of least-cost corridors
(see McRae (2006) and Theobald (2006)), means that this model
output should be regarded as a first step and not a substitute for
actual field surveys. Field assessment and the incorporation of data
on the actual use of a corridor by jaguars and their prey is neces-
sary before corridor boundaries are finalized and presented to gov-
ernments, local communities, and conservation planners. The field
data also allow us to integrate the presence of prey species into the
identification of the corridors, making these connections important
not only for jaguars, but for a suite of species, thereby increasing
their contribution to biological conservation throughout jaguar
range.

The maps and analyses presented here represent a practical
range-wide conservation strategy for the jaguar as well as a plat-
form for regional and site-based actions for the species. We also
believe that this model provides important insight for conservation
planning initiatives for other species. Implementation of the jaguar
corridor, including additional research and conservation in the
JCUs, is ongoing and will need continuous monitoring. While the
corridors of concern are our first priority, other factors such as man-
power, politics, and funding, play a role in where, when, and how
we implement the jaguar corridor. Field surveys by our teams and
other scientists in Mexico, Central America, Colombia and Brazil
have already indicated jaguar presence in predicted corridor areas.
One recent data point of note includes the photograph of a jaguar
in a corridor of concern in central Mexico where jaguars had been
thought long extirpated (Monroy-Vilchis et al., 2008).

For a corridor of any significant scale to have a chance at success
and sustainability, conservation practitioners must negotiate a
maze of land tenure, land use, jurisdiction issues, and legal issues
before deciding upon strategies and approaches. Each corridor
has its own unique set of circumstances, threats, and opportunities
that need to be addressed for implementation to occur. Long-term
financial and political commitments are a key component of the
process.

Acknowledgements

We would like to thank the following jaguar experts for their in-
put on the dispersal parameters used in this analysis: M. Aranda, S.
Cavalcanti, A. Gonzalez-Fernandez, B. Harmsen, M. Kelly, A. Kuroi-
wa, R. McNab, B. Miller, R. Moreno, A. Noss, J. Polisar, O. Rosas Ro-
sas, S. Silver, and R. Wallace. We are grateful to the Liz Claiborne
and Art Ortenberg Foundation, the Wildlife Conservation Society,
and the United States Department of State for the funding and sup-
port of this work. We wish to thank H. Quigley, L. Hunter, and the
journal reviewers for critical review of the manuscript.

References

Adriaensen, F., Chardon, J.P., De Blust, G., Swinnen, E., Villalba, S., Gulinck, H.,
Matthysen, E., 2003. The application of ‘least-cost’ modeling as a functional
landscape model. Landscape and Urban Planning 64, 233–247.

Beier, P., 1993. Determining minimum habitat areas and habitat corridors for
cougars. Conservation Biology 7, 94–108.

Beier, P., Noss, R., 1998. Do habitat corridors provide connectivity? Conservation
Biology 12, 1241–1252.

Beier, P., Majka, D., Spencer, W.D., 2008. Forks in the road: choices in procedures for
designing wildland linkages. Conservation Biology 22, 836–851.

Bélisle, M., 2005. Measuring landscape connectivity: the challenge of behavioural
landscape ecology. Ecology 86, 1988–1995.

Boecklen, W.J., 1986. Optimal design of nature reserves: consequences of genetic
drift. Biological Conservation 38, 323–338.

Brown, J.H., Kodric-Brown, A., 1977. Turnover rates in insular biogeography: effect
of immigration on extinction. Ecology 58, 445–449.

Carroll, C., Noss, R.F., Paquet, P.C., Schumaker, N.H., 2003. Use of population viability
analysis and reserve selection algorithms in regional conservation plans.
Ecological Applications 13, 1773–1789.

Coulon, A., Cosson, J.F., Angibault, J.M., Cargnelutti, B., Galan, M., Morellet, N., Petit,
E., Aulangnier, S., Hewison, J.M., 2004. Landscape connectivity influences gene
flow in a roe deer population inhabiting a fragmented landscape: an individual-
based approach. Molecular Ecology 13, 2841–2850.

Crawshaw Jr., P.G., 1995. Comparative ecology of ocelot (Felis pardalis) and jaguar
(Panthera onca) in a protected subtropical forest in Brazil and Argentina.
Unpublished Thesis, University of Florida, Gainesville.

Crawshaw Jr., P.G., Quigley, H.B., 1991. Jaguar spacing, activity, and habitat use in a
seasonally flooded environment in Brazil. Journal of Zoology (London) 223,
357–370.

Crooks, K.R., 2002. Relative sensitivities of mammalian carnivores to habitat
fragmentation. Conservation Biology 16, 488–502.

De Almeida, T., 1990. Jaguar Hunting in the Mato Grosso and Bolivia. Safari Press,
Long Beach, CA.

Dickson, B.G., Jenness, J.S., Beier, P., 2005. Influence of vegetation, topography, and
roads on cougar movement in southern California. Journal of Wildlife
Management 69, 264–276.

Eizirik, E., Kim, J., Menotti-Raymond, M., Crawshaw Jr., P.G., O’Brien, S.J., Johnson,
W.E., 2001. Phylogeography, population history and conservation genetics of
jaguars (Panthera onca, Mammalia, Felidae). Molecular Ecology 10, 65–79.

Epps, C.W., Wehausen, J.D., Bleich, V.C., Torres, S.G., Brashares, J.S., 2007. Optimizing
dispersal and corridor models using landscape genetics. Journal of Applied
Ecology 44, 714–724.

Frankham, R., 1996. Relationship of genetic variation to population size in wildlife.
Conservation Biology 10, 1500–1508.

Frankham, R., 2005. Genetics and extinction. Biological Conservation 126, 131–140.
Frankham, R., Ballou, J.D., Briscoe, D.A., 2002. Introduction to Conservation Genetics.

Cambridge University Press, Cambridge.
Gilpin, M., Hanski, I., 1991. Metapopulation Dynamics: Empirical and Theoretical

Investigations. Academic Press, San Diego, California.
Gilpin, M.E., Soulé, M.E., 1986. Minimum viable populations: process of species

extinctions. In: Soulé, M.E. (Ed.), Conservation Biology: the Science of Scarcity
and Diversity. Sinauer, Sunderland, Massachusetts, pp. 19–34.

Ginsberg, J., 2001. Setting priorities for carnivore conservation: what makes
carnivores different? In: Gittleman, J.L., Funk, S.M., Macdonald, D., Wayne,
R.K. (Eds.), Carnivore Conservation. Cambridge University Press, Cambridge, pp.
498–523.

Hanski, I., 1998. Metapopulation dynamics. Nature 396, 41–49.
Hanski, I., Ovaskainen, O., 2000. The metapopulation capacity of a fragmented

landscape. Nature 404, 755–758.
Harris, L.D., 1984. The Fragmented Forest: Island Biogeography Theory and the

Preservation of Biotic Diversity. The University of Chicago Press, Chicago.
Harris, L.D., Scheck, J., 1991. From implications to applications: the dispersal

corridor principle applied to the conservation of biodiversity. In: Saunders, D.A.,
Hobbs, R.J. (Eds.), Nature Conservation 2: The Role of Corridors. Chipping
Norton, New South Wales, Australia, pp. 189–220.

Hilty, J.A., Lidicker Jr., W.Z., Merenlender, A.M., 2006. Corridor Ecology: the Science
and Practice of Linking Landscapes for Biodiversity Conservation. Island Press,
Washington DC.

944 A. Rabinowitz, K.A. Zeller / Biological Conservation 143 (2010) 939–945



Author's personal copy

Horskins, K., Mather, P.B., Wilson, J.C., 2006. Corridors and connectivity: when use
and function do not equate. Landscape Ecology 21, 641–655.

IUCN, 2009. IUCN Red List of Threatened Species, In Version 2009.1.
<www.iucnredlist.org>.

Johnson, W.E., Eizirik, E., O’Brien, S.J., 2002. Evolution and genetics of jaguar
populations: implications for future conservation efforts. In: Medellin, R.A.,
Equihua, C., Chetkiewicz, C., Crawshaw, P.G., Jr., Rabinowitz, A., Redford, K.,
Robinson, J., Sanderson, E., Taber, A. (Eds.), Jaguars in the New Millennium: A
Status Assessment, Priority Detection, and Recommendations for the
Conservation of Jaguars in the Americas. Universidad Nacional Autonoma de
Mexico and Wildlife Conservation Society, Mexico DF, pp. 519–534.

Kautz, R., Kawula, R., Hoctor, T., Comiskey, J., Jansen, D., Jennings, D., Kasbohm, J.,
Mazzotti, F., McBride, R., Richardson, L., Root, K., 2006. How much is enough?
Landscape-scale conservation for the Florida panther. Biological Conservation
130, 118–133.

Larson, S.E., 1997. Taxonomic re-evaluation of the jaguar. Zoo Biology 16, 107–120.
Lehmann, L., Perrin, N., 2006. On metapopulation resistance to drift and extinction.

Ecology 87, 1844–1855.
Leopold, A.S., 1959. Wildlife of Mexico. University of California Press, Berkeley.
Lidicker Jr., W.Z., Koenig, W.D., 1996. Responses of terrestrial vertebrates to habitat

edges and corridors. In: McCullough, D.R. (Ed.), Metapopulations and Wildlife
Conservation. Island Press, Washington DC, pp. 85–109.

MacKenzie, D.I., Nichols, J.D., Lachman, G.B., Droege, S., Royle, A., Langtimm, C.A.,
2002. Estimating site occupancy rates when detection probabilities are less
than one. Ecology 83, 2248–2255.

McRae, B.H., 2006. Isolation by resistance. Evolution 60, 1551–1561.
McRae, B.H., Beier, P., 2007. Circuit theory predicts gene flow in plant and animal

populations. Proceedings National Academy of Sciences 104, 19885–19890.
Mech, S.G., Hallett, J.G., 2001. Evaluating the effectiveness of corridors: a genetic

approach. Conservation Biology 15, 467–474.
Millennium Ecosystem Assessment, 2005. Ecosystems and Human Well-Being:

Synthesis. Island Press, Washington, DC.
Mills, L.S., Allendorf, F.W., 1996. The one-migrant-per-generation rule in

conservation and management. Conservation Biology 10, 1509–1518.
Monroy-Vilchis, O., Sanchez, O., Aguilera-Reyes, U., Suarez, P., Urios, V., 2008. Jaguar

(Panthera onca) in the state of Mexico. The Southwestern Naturalist 53, 533–
537.

Naves, J., Wiegand, T., Revilla, E., Delibes, M., 2003. Endangered species constrained
by natural and human factors: the case of brown bears in northern Spain.
Conservation Biology 17, 1276–1289.

Noss, R.F., 1987. Corridors in real landscapes: a reply to Simberloff and Cox.
Conservation Biology 1, 159–164.

Pimm, S.L., Russell, G.J., Gittleman, J.L., Brooks, T.M., 1995. The future of biodiversity.
Science 269, 347–350.

Pither, J., Taylor, P.D., 1998. An experimental assessment of landscape connectivity.
Oikos 83, 242–257.

Pocock, R.I., 1939. The races of jaguar (Panthera onca). Novitates Zoologicae 41, 406–
422.

Purvis, A., Mace, G.M., Gittleman, J.L., 2001. Past and future carnivore extinctions: a
phylogenetic perspective. In: Gittleman, J.L., Funk, S.M., Macdonald, D., Wayne,
R.K. (Eds.), Carnivore Conservation. Cambridge University Press, Cambridge, pp.
11–34.

Rabinowitz, A., 2005. Saving jaguars throughout their range: from theory to
practice. In: Guynup, S. (Ed.), 2006 State of the Wild: a Global Portrait of
Wildlife, Wildlands, and Oceans. Island Press, Washington, DC, pp. 178–185.

Ray, N., Lehmann, A., Joly, P., 2002. Modeling spatial distribution of amphibian
populations: a GIS approach based on habitat matrix permeability. Biodiversity
and Conservation 11, 2143–2165.

Ruiz-Garcia, M., Payan, E., Murillo, A., Alvarez, D., 2006. DNA Microsatellite
characterization of the jaguar (Panthera onca) in Colombia. Genes & Genetic
Systems 81, 115–127.

Saccheri, I., Kuussaari, M., Kankare, M., Vikman, P., Fortelius, W., Hanski, I., 1998.
Inbreeding and extinction in a butterfly population. Nature 392, 491–494.

Sanderson, E.W., Redford, K.H., Chetkiewicz, C.B., Medellin, R.A., Rabinowitz, A.R.,
Robinson, J.G., Taber, A.B., 2002. Planning to save a species: the Jaguar as a
model. Conservation Biology 16, 58–71.

Sanderson, E., Forrest, J., Loucks, C., Ginsberg, J., Dinerstein, E., Seidensticker, J.,
Leimgruber, P., Songer, M., Heydlauff, A., O’Brien, T., Bryja, G., Klenzendorf, S.,
Wikramanayake, E., 2006. Setting Priorities for the Conservation and Recovery
of Wild Tigers: 2005–2015. The Technical Assessment. WCS, WWF,
Smithsonian, and NFWF-STF, New York-Washington, DC.

Simberloff, D., Cox, J., 1987. Consequences and costs of conservation corridors.
Conservation Biology 1, 63–71.

Simberloff, D., Farr, J.A., Cox, J., Mahlman, D.W., 1992. Movement corridors:
conservation bargains or poor investments? Conservation Biology 6, 493–504.

Singleton, P.H., Gaines, W., Lehmkuhl, J.F., 2002. Landscape Permeability for Large
Carnivores in Washington: A Geographic Information System Weighted
Distance and Least-Cost Corridor Assessment. In: US Forest Service
Department of Agriculture (Ed.), Research Paper. PNW-RP. U.S.F.S. Pacific
Northwest Research Station.

Sondgerath, D., Schroder, B., 2001. Population dynamics and habitat connectivity
affecting the spatial spread of populations: a simulation study. Landscape
Ecology 17, 57–70.

Soulé, M.E., Mills, L.S., 1998. No need to isolate genetics. Science 282, 1658–1659.
Stanley, T.R., Royle, J.A., 2005. Estimating site occupancy and abundance using

indirect detection indices. Journal of Wildlife Management 69, 874–883.
Stockwell, C.A., Hendry, H.P., Kinnison, M.T., 2003. Contemporary evolution meets

conservation biology. Trends in Ecology and Evolution 18, 94–101.
Swank, W.G., Teer, J., 1989. Status of the jaguar–1987. Oryx 23, 14–21.
Theobald, D.M., 2006. Exploring the functional connectivity of landscapes using

landscape networks. In: Crooks, K.R., Sanjayan, M. (Eds.), Connectivity
Conservation. Cambridge University Press, Cambridge, pp. 416–443.

Thorbjarnarson, J., Mazzotti, F., Sanderson, E., Buitrago, F., Lazcano, M., Minkowski,
K., Muniz, M., Ponce, P., Sigler, L., Soberon, R., Trlancia, A.M., Velasco, A., 2005.
Regional habitat conservation priorities for the American crocodile. Biological
Conservation 128, 25–36.

Wikramanayake, E., Dinerstein, E., Robinson, J.G., Karanth, U., Rabinowitz, A., Olson,
D., Mathew, T., Hedao, P., Conner, M., Hemley, G., Bolze, D., 1998. An ecology-
based method for defining priorities for large mammal conservation: the tiger
as case study. Conservation Biology 12, 865–878.

Wikramanayake, E., McKnight, M., Dinerstein, E., Joshi, A., Gurung, B., Smith, D.,
2004. Designing a conservation landscape for tigers in human-dominated
environments. Conservation Biology 18, 839–844.

Woodroffe, R., Ginsberg, J.R., 1998. Edge effects and the extinction of populations
inside protected areas. Science 280, 2126–2128.

Woodroffe, R., Thirgood, S., Rabinowitz, A., 2005. People and Wildlife: Conflict and
Coexistence. Cambridge University Press, Cambridge.

Young, A.G., Clarke, G.M., 2000. Conclusions and future directions: what do we
know about the genetic and demographic effects of habitat fragmentation and
where do we go from here? In: Young, A.G., Clarke, G.M. (Eds.), Genetics,
Demography and Viability of Fragmented Populations. Cambridge University
Press, Cambridge, England, pp. 361–366.

Zeller, K.A., 2007. Jaguars in the New Millennium Data Set Update: The State of the
Jaguar in 2006. Wildlife Conservation Society, Bronx, New York.

A. Rabinowitz, K.A. Zeller / Biological Conservation 143 (2010) 939–945 945


