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ABSTRACT

1. Knowledge of the spatial ecology of mammalian carnivores is critical for
understanding species' biology and designing effective conservation and management
interventions. We reviewed the available information about the spatial ecology of
jaguars Panthera onca, pumas Puma concolor and ocelots Leopardus pardalis, and

examined how sex and extrinsic variables affect their spatial behaviour.



2. Sixty-one articles addressing home range, home range overlap, daily net displacement
(straight-line distance between two locations on consecutive days), and/or distance of
dispersal of the three species were included. Meta-analysis, ANOVA, ANCOVA and
beta regression tests were run to analyse differences among species and sexes and to
elucidate the influence of other variables, such as latitude and ecoregion, on spatial

behaviour.

3. Pumas had on average larger home ranges (mean + standard error: 281.87 + 35.76
km?) than jaguars (128.61 + 49.5 km?) and ocelots (12.46 + 3.39 km?). Intersexual range
overlap was higher than intrasexual range overlap in jaguars and pumas. Sex affected
the home range size of all three species, but only influenced daily net displacement in
ocelots. Ecoregion affected the home range size of all three species but did not
significantly affect either the daily net displacement or the dispersal distance of pumas.
Latitude affected the home range size of jaguars and pumas. It did not affect daily net
displacement or dispersal distance in jaguars and pumas, but did affect daily net

displacement in ocelots.

4. Although there was a lack of studies in most countries for the three species,
information was particularly lacking in the Neotropics for jaguars and pumas and in
North America for ocelots. Researchers usually presented low sample sizes, and used
different methods to examine the ecological issues considered here. Homogenization of
methods is needed to clarify the ecology of these species and to allow a better

understanding of the threats to their populations.
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INTRODUCTION

The spatial ecology of species, including carnivorous mammals, is the result of
particular tactics chosen by individuals to maximize fitness in response to intrinsic and
extrinsic factors (Erlinge & Sandell 1986). The study of spatial ecology is needed to
inform the design of management and conservation interventions, particularly for those
species that are scarce and lead secretive lives. For example, non-invasive survey tools
can be used to make robust estimates of population size, composition and dynamics, and
to evaluate the effectiveness of conservation interventions (Quigley & Crawshaw 1992,
Noss et al. 1996, Carroll et al. 2001, Balme et al. 2009, Grémillet & Boulinier 20009,
Lopez-Bao et al. 2010). Studies of spatial ecology are critical for understanding the

natural history, population dynamics, and intraspecific interactions of species.

Solitary carnivore species are characterised by the rarity of direct contact between adults
of the same sex (Kleiman & Eisenberg 1973, Ferreras et al. 1997, Lopez-Bao et al.
2014). Encounters usually only take place during the mating season (Gittleman 1989,

Caro 1994, Lépez-Bao et al. 2008). Felids, with the exception of lions Panthera leo



(Schenkel 1966, Schaller 1972), cheetahs Acinonyx jubatus (Eaton 1970), and domestic
cats Felis catus (Corbett 1979), are considered to be solitary carnivores. Comprehensive
studies of the spatial ecology of solitary carnivores are rare (Jackson & Ahlborn 1988,
Grassman Jr et al. 2005). For Neotropical felids, they are particularly lacking and
fragmented (Cavalcanti & Gese 2009), and very low sample sizes are the norm (e.g.

Schaller & Crawshaw 1980, Konecny 1989).

For mammals in general and carnivores in particular, home range size and daily
movements have been related to body weight or size, and larger ranges and movements
occur in heavier species and individuals (Harestad & Bunnell 1979, Lindstedt et al.
1986). In addition, sex is an important intrinsic factor affecting the spatial ecology of
solitary carnivores; while the spatial distribution of females is mainly modulated by the
availability of trophic resources, male distribution is also determined by female
distribution. Thus, males usually hold larger home ranges (and thus exhibit longer daily
movements) than females (Sandell 1989). Females usually hold exclusive territories
(Bailey 1974, Lopez-Bao et al. 2014), whereas males are territorial year-round and
generally include one or more female home ranges within their territories (Hahn 2001).
Nevertheless, non-territorial behaviour has been reported for some species outside the
mating period (Seidensticker et al. 1973, Logan et al. 1986, Sandell 1989, Sunquist &
Sunquist 2002). For example, when timing and spacing of available food varies, less
territorial behaviour is expected, and individuals show overlapping ranges (Sandell
1989). Although both sexes of solitary carnivores may disperse, dispersal is more
common in males than in females, and males usually move greater distances (Smith et
al. 1987, Maehr et al. 1991, Laing & Lindzey 1993, Ferreras et al. 2004). Besides sex,
other factors such as prey density (Schaller 1972, Ward & Krebs 1985, Elbroch &

Wittmer 2012), habitat productivity (Harestad & Bunnell 1979, Gomper & Gittleman



1991), and population density (Seidensticker 1976, Nagy & Haroldson 1990, Elbroch &
Wittmer 2012) have been reported as factors affecting the spatial ecology of solitary

carnivores.

Despite the existence of some studies on the spatial ecology of jaguars Panthera onca,
pumas Puma concolor, and ocelots Leopardus pardalis, there is a lack of consistent
information about their spatial behaviour. The information available about these felids
Is not conclusive due to the different techniques used (such as telemetry or camera-
trapping) or the different methods employed to estimate home ranges (such as kernel or
minimum convex polygon [MCP] methods). In addition, some areas have not been
studied at all. A review of all available information about these cryptic species is needed
to draw practical conclusions about their spatial behaviour and to identify gaps in the
available knowledge. More complete information is necessary to develop suitable and
consistent conservation plans.

Through a comprehensive literature review, we aim to summarize what we know about
the spatial ecology of the largest Neotropical felids: jaguars, pumas, and ocelots. We
focus our attention on studying home range size, home range overlap, daily movements,
and dispersal behaviour. Jaguars are the heaviest of the three species (48 - 100 kg;
Scognamillo et al. 2003, De Azevedo 2006), followed by pumas (25 — 89 kg;
Scognamillo et al. 2003) and ocelots (7 — 13 kg; Tewes 1986, Crawshaw 1995). In this
review, we examine the following hypotheses: 1) jaguars, because they are typically
heavier than the other species, have the largest home ranges, the longest daily
movements and the furthest dispersal distances of the three species; ocelots present the
lowest values and pumas intermediate values. 2) Males have larger home range sizes,

longer daily net displacement, and disperse more frequently and longer distances than



females in all three species. 3) Both males and females of the three species present
territorial behaviour. Males contain one or more female territories within their
territories, whereas females only include part of a male territory within their range (so
that they have a polygamous mating system). Consequently, intersexual range overlap is

higher than intrasexual range overlap.

METHODS

Literature review

A comprehensive and systematic literature review on the spatial ecology of jaguars,
pumas and ocelots was carried out using scientific databases such as ISI Web of
Science, PubMed and Google Scholar, compiling studies that spanned the period 1980-
2013. The literature search was carried out using a number of filters based on a set of
keywords in English and in Spanish (common and scientific names of jaguar, puma and
ocelot, home range, territory, spatial organization, dispersal distance, and daily
movement). Information was taken from PhD and Masters theses, scientific papers, and
other types of research projects (see Appendixes S1 - S4). We only considered papers in
which radio-tracking or telemetry were used as techniques of study, and excluded

studies in which separate information for males and females was not provided.

Data collection

From each study we extracted mean values, sample sizes and standard deviations for
each sex and species for the spatial variables we were interested in: home range size,

daily net displacement (as the straight-line distance between two locations on



consecutive days), and distance travelled during dispersal movements (measured as the
straight line from the natal centre to the centre of the newly established home range). To
test for territorial behaviour and analyse the home range overlap of the species, we used
the studies that provided information about the percentage of home range overlap
between and within sexes. For all the parameters, we used annual data when they were
available. When data were provided for several years, we calculated the average of
those years. In cases where the data were separated by season, we calculated the mean
annual data. If no information about the season was available we considered the data to

be annual.

For each study, we extracted complementary information: 1) the geographical
coordinates of the study area (when latitude and longitude coordinates were not
provided, we obtained them by estimating the centroid of the study area); 2) the
ecoregion (following the terrestrial classification made by Olson et al. 2001; Fig. 1); 4)
the mean weight of each sex and population (when this was not provided, we assigned
weight values from other studies of similar latitude and ecoregion; to minimize the
potential noise introduced by this assumption, we sorted body weight into 15 kg bins);
4) method of home range estimation (MCP or kernel density estimation). Studies in
which 95% and 100% of locations were used to estimate MCP were pooled as “MCP
home range estimating method”. Similarly, studies in which 85, 90 and 95% probability
contour of location distributions were used for kernel density estimation were pooled as
“kernel home range estimating method”. We did not expect the simultaneous use of
studies with different home range estimating methods to introduce a significant bias
(e.g., Nilsen et al. 2008 did not find significant differences between the two methods
when analysing comparative studies with large variations in home range sizes). As care

must be taken when using the MCP method for intraspecific comparisons, we tested



whether the type of home range estimating method introduces bias by analysing the
differences in the home range sizes calculated by the two estimators via ANOVA and

ANCOVA tests.

Data analysis

Due to the variability of the existing data, different analyses were run with the
information available. ANOVA and ANCOVA tests, meta-analyses and beta regression
tests were used according to the type of variables and the information available (Table
1). Meta-analysis takes into account the quality of the studies, but we could only
analyse the influence of sex on the spatial variables. ANOVA and ANCOVA tests are
less specific, since they treat all data equally. However, we could analyse the influence
of sex, ecoregion and latitude on the different spatial variables with these tests, and
required fewer data to do these analyses. Finally, beta regression tests were used when

the data were given in proportions.

Firstly, an ANOVA was run to test differences in the mean home range sizes between
populations (both sexes pooled; mean home range size used as a dependent variable),
with species, mean body weight per population and method of home range estimation
used as predictors (explanatory variables). As the three species showed different mean

weights, we included the interaction term between species and weight in the model.

We assessed gender differences in home range size and dispersal distance using the
meta-analysis packages “metaphor” and “MAd” (Del Re & Hoyt 2010, Viechtbauer &
Viechtbauer 2015). Both packages include a collection of functions for conducting
meta-analysis in R, including functions to calculate the effect size or to fit fixed, random

and mixed effects models, among others. In our analysis, random effects models



(Hedges & Vevea 1998) were used to account for the variability between effect sizes,
which was due not only to sampling error but also to the variability in the population
effects. The meta-analysis approach was only applied when information on the number
of individuals, as well as the means and standard deviations for our parameters, were
available for each sex and study. With these data we calculated the effect size, a
standardized index of each study used to compare the quality of the studies.
Specifically, we used the standardized mean difference Hedges™ g (Hedges 1981) and its
associated variance as effect size. The influence of sex was tested, along with the
potential influence of latitude and ecoregion, on the different spatial variables. We
tested this potential influence when the meta-analysis confirmed significant effects of
sex (Viechtbauer 2010). We added these two moderators because variation in the
different aspects of the spatial ecology of solitary carnivores is related to ecoregion and
latitude (Gompper & Gittleman 1991, Herfindal et al. 2005). In fact, Gompper and
Gittleman (1991) found a significant positive correlation between latitude and home
range size, and Herfindal et al. (2005) documented a clear relationship between home
range size and study area productivity. Consequently, as latitude can be used as a
measure of environmental productivity (Buskirk & McDonald 1989, Gompper &
Gittleman 1991), we also studied the influence of latitude on the home range size

(Harestad & Bunnell, 1979).

We did not find sufficient data to run a meta-analysis for the daily net displacement or
for the home range overlap (studies lacked the standard deviation and/or number of
individuals surveyed). For the spatial parameters with insufficient data, we used
ANCOVAs with a type 111 sum of squares. Mean values for home range size, daily net
displacement, and dispersal distance were the dependent variables; sex, latitude,

ecoregion and home range estimating method were the explanatory variables. A



different model was run for every dependent variable and for each species. For jaguars
and pumas, the home range was calculated both with the kernel and the MCP method.

All the home ranges in ocelots were calculated with the MCP method.

To analyse the home range overlap of each species, we assessed the existence of
differences in the proportion of home ranges shared by individuals of the same or
different sex with beta regression tests (Ferrari & Cribari-Neto 2004) using the
“betareg” package (Zeileis et al. 2012). We used the proportion of home range shared in
each sex category for each population as a dependent variable, and gender, sex-specific
mean home range sizes and ecoregion as predictors. We included the sex-specific mean
home range sizes in each population to control for the potential effect that home range
size can have on the percentage of home range overlap (Sandell 1989, Sunquist &

Sunquist 2002).

Prior to conducting the analyses, we tested whether our data met the assumptions of
normality and homoscedasticity by running Shapiro and Breusch-Pagan tests,
respectively (Shapiro & Wilk 1965, Breusch & Pagan 1979). If needed, variables were
log transformed to approach a normal distribution. Statistical analyses were carried out

using R Software v.3.0.2 (Anonymous 2007).

RESULTS

Data set

The literature search yielded 61 studies providing information on one or more aspects of

the spatial ecology of jaguars, pumas and/or ocelots (Table 2). Overall, home range size,



daily net displacement and dispersal distance were studied mainly in pumas (62 cases)
and less in the other two species (20 and 17 cases in jaguars and ocelots, respectively).
Home range size was the most-studied subject in large Neotropical felids, and dispersal
distances was the least studied (Table 2). Information about dispersal distances was
provided in only 11 studies, all of them on pumas. We did not find any studies reporting
information on daily net displacement for jaguars (Table 2). Data about home range
overlap of territories was only found for jaguars and pumas, and was not found for

ocelots.

Information on the spatial ecology of the three species is lacking in most countries in
which they are present. Studies on jaguar were mainly carried out in the tropical and
subtropical ecoregions (moist and dry broadleaf forests and flooded grasslands and
savannas). Studies on ocelots, and especially pumas, were distributed in a wide range of
ecoregions from tropical and subtropical ecoregions to temperate and Mediterranean
forests, including desert and xeric shrublands (Fig. 1). Most (80%) of the studies on
jaguar were conducted in Brazil or at the border between Brazil and Argentina; the rest
(20%) were carried out in Belize, Bolivia, Mexico and Paraguay. Most (90%) of the
studies on pumas were carried out in the USA and Canada, and only 10% were
conducted in South America (Chile, Paraguay and Brazil; Fig. 1). All the studies on
ocelots were conducted in Central and South America, except for three studies carried

out in Texas, USA (Fig. 1).

Interspecific differences

HOME RANGE



Jaguar and puma home range sizes varied from 22 to 690 km? and from 37 to 755 km?,
respectively; in ocelots they ranged from 2 to 39 km? (Table 3). On average, pumas had
the largest home ranges of the three species, twice the mean home range size of jaguars
(Table 3). Ocelots had the smallest home range sizes (Table 3). Body weight had a
slight positive influence on the home range size of jaguars and ocelots, but negatively
influenced puma home range size (Fig. 2). Nevertheless, the interaction between species
and body weight was significant (F = 10.75; P = 0.002, df = 1), indicating that both
species and body weight influence the size of the home range, but that the effect of body
weight depends on the species. The R? values for jaguars and pumas were relatively
small, indicating that the influence of body weight on the home range size is small. In
addition, the lack of a wide range of data and the strong influence of a single point in
pumas and ocelots makes it difficult to identify a clear relationship between the two

variables.

DAILY NET DISPLACEMENT AND DISPERSAL DISTANCE

Daily net displacement was significantly larger in pumas than in ocelots (F = 10.04, P =
0.013, df = 1; Table 4). Information about dispersal behaviour was only available for
pumas (Table 2); they travelled a mean distance of 70.48 km + 16.31 (n = 12) from the

maternal home range to the settlement area.

Intraspecific differences

HOME RANGE

Four studies on jaguars, 11 on pumas and five on ocelots provided sufficient

information to run a meta-analysis (as described above). Mean home ranges of males



were always larger than those of females for the three species (Table 3), although the
meta-analysis only detected significant differences for pumas (Z = 4.06, P < 0.001) and
ocelots (Z = 2.46, P = 0.014; Fig. 3). Neither ecoregion nor latitude showed a significant
influence on the observed differences in the size of the home range between sexes (P >
0.110 for all species). The method of home range estimation did not have a significant

effect on the differences between sexes in pumas (Z = -0.37, P = 0.713).

ANCOVA:s including data from all the studies available confirmed the sex-specific
results from the meta-analysis. Males had larger home ranges than females in the three
species (Table 3) and we detected significant effects of sex in pumas and ocelots (F =
4201, P < 0.001, df = 1; F = 7.13, P = 0.020, df = 1; for pumas and ocelots,
respectively). Only a marginally significant effect was found in jaguars (F = 3.92, P =

0.060, df = 1).

ANCOVAs showed that significant differences in the size of the home range according
to the ecoregion existed for all three species: jaguars (F = 4.48, P = 0.010, df = 4),
pumas (F = 7.72, P < 0.001, df = 6) and ocelots (F = 10.64, P = 0.001, df = 2). Jaguars
and pumas had the largest home ranges in the tropical and subtropical grasslands,
savannas and shrubland ecoregions. However, jaguars had the smallest home ranges in
regions predominated by moist broadleaf forest. Pumas had their smallest home ranges
in areas predominated by dry broadleaf forest (Table 5). Conversely, ocelots had the
largest home ranges in ecoregions where jaguars had their smallest home ranges (the
tropical and subtropical moist broadleaf forest). The smallest home ranges of ocelots

were in desert and xeric shrublands (Table 5).

ANCOVAs showed that a significant effect of latitude on the home range sizes of

jaguars existed (F = 4.44, P = 0.050, df = 1); jaguars had larger home ranges at



intermediate latitudes. The jaguar population with the largest home range was located in
Brazil (690.21 km?), while the population with the smallest home range was in Belize
(21.95 km?). ANCOVA:s also showed that latitude had a significant effect on the home
range sizes of pumas (F = 12.86, P = 0.001, df = 1); pumas had the smallest home
ranges in Paraguay and Venezuela (36.81 and 62.75 km?, respectively) and the largest
home ranges in Utah and California, USA (755.5 and 492.5 km?). In latitudes between
30 and 50 degrees, puma home ranges ranged between 100 and 400 km?. For ocelots,
ANCOVAs did not show a significant effect of latitude on home range sizes (F = 0.16;

P = 0.695 df = 1).

The method of home range estimation did not have a significant effect on home range
sizes of jaguars and pumas (F = 0.23, P = 0.630, df = 1; F = 0.53, P = 0.590, df = 1;
jaguars and pumas, respectively). However, the largest values of home range size were

estimated using the MCP method (Fig. 4).

HOME RANGE OVERLAP

For jaguars and pumas, intersexual range overlap was larger than intrasexual range
overlap (Table 6). In fact, beta regression tests showed significant differences in the
percentage of overlap between sexes (jaguar: Z = 2.63, P = 0.008; puma: Z = 3.42, P =
0.001). In jaguars, intrasexual overlap did not differ in either sex (within males: Z = -
1.51, P = 0.131; within females: Z = -0.024, P = 0.981), while significant differences in
both sexes were found in pumas (in males Z = -3.19, P = 0.001; Z = 2.37, P = 0.018).
The interaction between home range size and sex was not significant in jaguars

(intersexual interaction, Z = -1.72, P = 0.084; intrasexual interaction, Z = 1.14, P =



0.254). In pumas, the intrasexual interaction did show a significant effect (Z =3.11, P =

0.002).

DAILY NET DISPLACEMENT AND DISPERSAL DISTANCE.

We only found daily net displacement data for pumas and ocelots (Table 2), and these

data were insufficient for meta-analyses (Table 4).

The results of the ANCOVA showed that, for pumas, sex (F = 0.02, P = 0.888, df = 1;
Table 4) ecoregion (F = 1.21, P = 0.398, df = 4), and latitude (F = 1.18, P = 0.320, df =
1) did not significantly affect the daily net displacement of pumas. In ocelots, both sex
(F = 12.40, P = 0.039; Table 4) and latitude (F = 10.18, P = 0.049, df = 1) showed a
significant effect on the mean daily net displacement. All the studies on ocelots were

carried out in the tropical and subtropical moist broadleaf forest ecoregions.

Dispersal distances in pumas were greater in males (97.94 £ 18.39 km, n = 12) than in
females (37.54 £ 5.26 km, n = 10). Both the meta-analysis (Z = 2.21, P = 0.026) and the
ANCOVA (F = 14.41, P = 0.001, df = 1) showed that significant differences existed
between sexes. No significant effect of ecoregion (F = 0.65, P = 0.593, df = 3) or

latitude (F = 0.74, P = 0.403, df = 1) was found.

DISCUSSION

This review contributes to our understanding of the natural history of the largest

Neotropical American felids: jaguars, pumas and ocelots. Although our data indicate



that spatial information for these species is still scarce and fragmented, we were able to
draw some conclusions unifying the information available and, in some cases, confirm

findings of previous studies on these solitary carnivores.

The studies on jaguars were mainly conducted in Brazil, Paraguay, Bolivia and Belize
(data available in Appendices S1 and S2). Jaguars were relatively unstudied in the
northern and central part of their range, though a few studies took place in Mexico and
northern South America. Puma spatial ecology has been well studied in temperate and
subtropical areas of North America (e.g., Anderson 1983, Currier 1983, Hansen 1992),
but is relatively unstudied in the Neotropical region: we found just four studies from
South America (Brazil, Paraguay and Chile; data available in Appendices S1-S4).
Fragmentation of information also exists for ocelots; most of the studies were conducted
in Belize, Argentina, Peru, Bolivia and Brazil (only one study was carried out in North
America; data available in Appendices S1 and S3). Information about the spatial
ecology of pumas is the most complete; information about home range sizes, daily
movements, dispersal and territoriality is relatively abundant. Conversely, for jaguars,
information about daily movements and dispersal is non-existent, and for ocelots, only
information about home range and daily movement is available. Our analyses revealed a
significant amount of variation between studies. More information drawn from a greater
sample size and in different contexts is needed to clarify the spatial ecology of these
species. Moreover, homogenization of the methods used for data collection and to study
the spatial ecology of these species is needed. We recommend following a unified

methodology for estimating animal home ranges (Laver & Kelly 2008).

The spatial behaviour of mammalian carnivores has often been related to body weight
or size, and larger home ranges and daily movements are usually detected in bigger,

heavier animals (McNab 1963, Harestad & Bunnell 1979, Lindstedt et al. 1986).



However, we found that pumas, rather than jaguars (the heaviest species), showed the
largest home ranges of the Neotropical felids. With the exception of Silveira (2004),
who found that the home range sizes of jaguars were as large as those of pumas, all the
largest home ranges were observed in pumas in the USA. These home ranges were even
larger than those of jaguars from the Pantanal region of Brazil, where the jaguars are
among the heaviest of the American felids (> 90 kg; e.g. De Azevedo 2006). It is known
that other factors besides body weight, such as latitude, habitat productivity, type of
prey and ecoregion, affect the size of the home range (Lindstedt et al. 1986, Sandell
1989). The effects of these other variables may explain why jaguars did not have the
largest home ranges, and why, in some locations, the lighter pumas showed larger home
ranges. Most of the puma studies were conducted in North America, whereas all the
jaguar studies were conducted in Central and South America, zones with different

ecoregions.

Within species, we observed a relationship between body weight and home range size in
jaguars and ocelots: the lightest jaguars were in Mexico and Belize (< 50 kg;
Rabinowitz & Nottingham 1986, Ceballos et al. 2005), as were the smallest home range
sizes (46 and 10.5 km? respectively). The heaviest jaguars were from the Pantanal
region (> 90 kg; De Azevedo 2006), where the largest home range sizes were observed
(> 900 km?; Silveira 2004). As we expected, the lightest species, the ocelot, had the
smallest home ranges, and the heaviest ocelots (13 kg, Crawshaw 1995) had the largest
home ranges (Brazil — Argentina and Belize; 39 km?). In pumas, however, we did not
observe as clear a pattern. We observed contrasting patterns in North America and
South-Central America: pumas in South-Central America showed similar spatial
behaviours, while in North America, pumas (even from the same state) showed

contrasting patterns in home range sizes. This different spatial behaviour between



different populations may be caused by factors affecting the density and population
dynamics, such as prey density, context-specific vegetative-topographic factors,
management, or habitat fragmentation due to human development (Hemker et al. 1984,

Stoner et al. 2006, Maletzke et al. 2014).

Body weight seems to influence the felids' daily net displacement: greater distances are
travelled by heavier species. We observed a positive relationship between body weight
of the species and daily net displacement: pumas travelled a greater daily mean distance
than ocelots. Nevertheless, and because for jaguars there was no information about daily
net displacement, we cannot draw a reliable conclusion regarding the relationship
between body weight and daily net displacement. More studies about the daily
movement of jaguars are needed to draw conclusions about the relationship between

body weight and daily net displacement between these three species.

Males of the three species had larger home ranges and travelled greater distances than
females, in agreement with previous studies suggesting sexual differences in the spatial
behaviour of carnivores (Smith et al. 1987, Sandell 1989, Maehr et al. 1991, Laing &
Lindzey 1993). As an exception to this, and in contrast to most of the studies about the
spatial ecology of these felids (Appendix S1), studies on jaguars in Mexico (3 males and
3 females; Ceballos et al. 2005), pumas in Chile (4 males and 2 females; Franklin et al.
1999), and pumas in Vancouver, Canada (2 males and 11 females; Shackleton 2000)
showed that adult females had larger home ranges than adult males. None of these
authors attached any special significance to their results; they used telemetry and the
MCP method. Sexual differences in home range size were more pronounced in pumas
than in jaguars and ocelots. In most studies on pumas, the home range size of males was

twice that of females (Table 2).



Our results also showed sexual differences in movement patterns. As observed in other
cats (e.g. in the Eurasian lynx Lynx lynx, Jedrzejewski et al. 2002), male ocelots
travelled greater daily net distances than females. Nevertheless, as Dickson et al. (2005)
and Elbroch and Wittmer (2012) found, we did not observe differences in the daily net
distance travelled by male and female pumas. Sex did affect the distance travelled by
pumas during the dispersal period, when male pumas travel greater distances than
females (Trewhella et al. 1988) as a consequence of female philopatry (Ross & Jalkotzy
1992, Lindzey et al. 1994; Sweanor et al. 2000): females tend to settle closer to the
territory where they were born than males.

We found latitudinal patterns in the spatial ecology of the felids, and such effects were
stronger in pumas than in jaguars. Pumas had smaller home ranges near Ecuador
(Paraguay and Venezuela) and larger home ranges in the USA. In addition, a
relationship between ecoregion and home range size in both species was detected:
jaguars and pumas had larger home ranges in tropical and subtropical grasslands,
savannas and shrubland ecoregions. Ocelots had larger home ranges in the tropical and
subtropical moist broadleaf forest ecoregions, where jaguars exhibited smaller home

ranges.

Contrary to our hypothesis, daily net displacement and dispersal distances were not
influenced by latitude or ecoregion. Other factors may have masked these effects, such
as topography (Dickson et al. 2005), behaviour of the animals on sampling days (e.g.,
animals were hunting, eating from a carcass, mating, or females had litters; Beier &
Barret 1993, Beier et al. 1995). Dispersal distance could also have been affected by the
territory in which the animal was travelling, by the presence of human settlements and

roads that can act as barriers, or by other extrinsic variables (Beier & Barret 1993).



We did not find sufficient data for jaguars on home range overlap and relationships
between neighbours to assess their mating system. However, two studies from Brazil
provided specific information about the spatial organization of the neighbouring
individuals. Cavalcanti and Gese (2009), using the MCP method, found a spatial
structure where more than one male overlapped with one or more females. De Azevedo
(2006), on the other hand, using the kernel method, found that both males and females
showed a high degree of overlap: one individual of each sex overlapped its home range
with that of more than two individuals of the same sex and more than three individuals

of the other sex.

For pumas, ten studies provided information about the home range overlap between
neighbours. In these studies, three different spatial organization structures were
detected. In the first structure, males with no overlap between them encompassed
overlapping female home ranges (Logan et al. 1986, Shackleton 2000, Hahn 2001). In
all of these studies, the MCP method was used and they were carried out in the
temperate conifer forest ecoregion. In the second structure, males and females did not
show intra-sex overlap. In the one study showing this structure, the MCP method was
used in the temperate conifer forest ecoregion (Spreadbury et al. 1996). In the third
structure, in three studies overlap was found between both males and females; male
home ranges encompassed the home ranges of other males and of several females. In
two of these studies, the MCP method was used and they were carried out in North
America, one in a temperate conifer forest (Neal et al. 1987), and the other in desert and
xeric shrublands (Anderson et al. 1992). The third study was conducted in Chile in
temperate broadleaf and mixed forest, using the kernel method (Elbroch & Wittmer

2012).



These contrasting results may be due to the methods used to estimate home ranges, or to
influences of the ecoregion. Thus, our review indicates that our knowledge on the social
system of jaguars, pumas and ocelots and the interactions between and within sexes is
still limited. Available information shows that home ranges of different sexes in both
jaguars and pumas overlapped by more than 50%. However, intrasexual behaviour
differed between pumas and jaguars. Female jaguars seemed to be more territorial than
males (Palomares et al. 2012), although both sexes showed some degree of intrasexual
overlap. Contrary to this, male pumas were more territorial than females; females
showed twice the percentage of home range overlap of males. A polygynous mating
system was more often observed in pumas, where one male has an exclusive
relationship with two or more females. In jaguars, just two studies provided information
about the mating system, and neither of these showed a polygynous mating system in

which two or more males shared the same females (Palomares et al. 2012).

Jaguars, pumas and ocelots are threatened by habitat loss, poaching and conflicts with
humans (e.g. livestock predation, Patterson et al. 2004, Michalski et al. 2006). With this
review we contribute to our understanding of the spatial ecology of the largest
American felids, and demonstrate that spatial information for these species remains
scarce and fragmented. This has substantial implications for conservation and
management at the landscape scale. In general, more studies about the spatial ecology of
these three species are needed so that reliable conclusions and area-specific
conservation plans can be made. Specifically, studies about movement ecology in
jaguars and ocelots are needed, both for daily net distance and dispersal information;
studies on the whole distribution of both species are also needed. Although for pumas
there is information on the different aspects of their spatial ecology, the studies were

mainly conducted in the northern part of their geographical range, and there is just some



information on the central and southern parts. Homogenisation of the methods used,
both for the fieldwork and for analysis, is needed, to allow comparison of all the

information derived from the different studies.
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FIGURE LEGENDS AND TABLES

Fig 1. Locations (dots) and ecoregions (shaded areas) of the studies on jaguars, pumas
and ocelots in America included in this review (after Olson et al., 2001). The

distribution of each species is also represented (crosshatching).

Fig 2. Mean home range size and body weight of each population of jaguars, pumas and
ocelots. Trend lines show the relationship between body weight and the size of the

home range for each species.

Fig 3. Forest plots comparing the mean home range size between males and females of
the studies available for the meta-analysis for jaguars (a), pumas (b), and ocelots (c).
Information about the authors and year of each study, the mean home range size of
males and females of each population (first and second column after the reference) and
the mean value of the effect size for every study with 95% confidence intervals (last

column) are shown.



Fig 4. Mean home range size obtained from the different estimating methods (minimum

convex polygon and kernel) in (a) jaguars and (b) pumas. The box plot shows median,

25th and 75th percentiles; whiskers show maximum and minimum values.

Table 1. Statistical approaches used for each spatial variable, and the species for which

the approaches were possible given the data available.

Home range

Home range overlap

Daily net
displacement

Dispersal

Statistical| ANOVA / Meta- . Meta-analysis /
approach | analysis / ANCOVA Beta regression ANCOVA ANCOVA
Species |Jaguar/puma/ocelot jaguar/puma puma/ocelot puma

Table 2. Number of studies in which information about home range size, home range

overlap, daily net displacement and dispersal distances for jaguars, pumas and ocelots

was provided. For every species and spatial variable, the number of studies is shown.

For home range variables, the number of studies in which the minimum convex polygon

and kernel methods were used is indicated in parentheses (MCP/kernel).

. . Home range Daily net Dispersal
Species | Home range size overlapg displaélement distgmces TOTAL
Jaguar 14 (12/2) 6(4/2) 0 0 20
Puma 33(18/6) 11(8/3) 7 11 62
Ocelot 11 (11/0) 0(0/0) 3 0 14
TOTAL 58 17 10 11 96

Table 3. Mean home range sizes for all the studies reviewed and for the studies used in

the meta-analysis, for both sexes, and the mean + standard error for each species. The



number of studies is indicated as n. The last rows are the mean values for the home

range calculated with the different home range estimating methods.o

Species
Sex/method Jaguar Puma Ocelot
. 2
Al St“d'ei o k)1 187.3 1646 402.1 +36.4 16.1 +3.6
n 14 36 11
Males Meta-analysis studi
eta-ana y5|zs studies 2033 +132.8 3728.8 +54.9 20.7 +6.1
mean (km*) +SE
n 4 12 5
. 2
All St”d'ei rS“Eea” km) | gg7 4258 161.5 +20.8 8.6 +2.4
n 14 36 11
Females Met vsis studi
eta-analysis studies 149 £97.1 151.1 +26.4 14 +4.6
mean (km*) £ SE
n 4 12 5
Al St”d'eig‘sa” (km2) | 1286 495 281.8 +25.6 12 +3.1
: n 14 36 11
Species
average - [ [
Verag Meta-analysis studies | 76 5 4 76 240 +35.1 17.4 +3.7
mean (km*) £ SE
n 4 12 5
i} MCP 128 +51.9 264.6 * 33 11.9 +3.1
estimation " 12 15 -
Kernel 131.9 +79.1 264.9 £31.7 -
method
n 2 6 0

Table 4. Daily net displacement for each sex and their pooled averages for pumas and

ocelots.

Distance between daily locations

Males

Females

Average




All studies mean All studies mean All studies mean
(km)  SE (km) £ SE (km) £+ SE
Puma 546 +£1.11 7 5.22 £1.33 7 5.35 +5.82 7
Ocelot 2.48 +0.2 4 1.8 £0.24 3 2.19 £0.19 3

Table 5. Mean home range size (km? + SE) of jaguars, pumas and ocelots in different

ecoregions (Olson et al. 2001).

SPECIES
ECOREGION Jaguar Puma Ocelot
Flooded grasslands and savannas 116.7 £27.2 374.5 -
n 3 1 i,
Tropical and subtropical dry broadleaf forests 70.2 +9.1 49.7 £12.9 54 +1
n 2 2 3
Tropical and subtropical grasslands, savannas 4012 +288.9 3783 i
and shrublands
n 2 1 -
Tropical and subtropical moist broadleaf forest 84.4 +27.3 - 19.7 £4.9
n 6 - 5
Desertic and xeric shrublands - 3294 +34 55 +2.1
n - 11 3
Mediterranean forests, woodlands and scrub - 311.1 +64.29 -
n - 6 -
Temperate broadleaf and mixed forest - 69.5 -
n - 1 -
Temperate conifer forest - 304.7 +£59 -
n - 10 -




Temperate grasslands, savannas and

shrublands i 154.5 i

n - 1 -

Table 6. Percentage of home range overlap between individuals of the same sex and

between individuals of different sexes in jaguars and pumas.

Intersexual overlap Intrasexual Overlap
Male-Male Female-Female
Percentage of Percentage of Percentage of
overlap n overlap n overlap
Jaguars 59% 2 35% 3 35% 6
Pumas 53% 5 24% 8 51% 9

SUPPORTING INFORMATION

Additional supporting information may be found in the online version of this article at

the publisher’s web-site.

Appendix S1. Bibliography and information on the studies used in the analysis of the

home range of jaguars, pumas and ocelots.

Appendix S2. Bibliography and information on the studies used for the analysis of the

home range overlap of jaguars and pumas.



Appendix S3. Bibliography and information on the studies used for the analysis of the

daily net displacement of pumas and ocelots.

Appendix S4: Bibliography and information on the studies used for the analysis of the

distance travelled during dispersal of pumas.



Ecoregions

- Tropical and Subtropical Moist Broadleaf Forests
- Tropical and Subtropical Dry Broadleaf Forests
- Tropical and Subtropical Coniferous Forests
- Temperate Broadleaf and Mixed Forests
- Temperate Conifer Forests
- Boreal Forests/Taiga
Tropical and Subtropical Grasslands, Savannas and Shrublands
Temperate Grasslands, Savannas and Shrublands
Flooded Grasslands and Savannas
- Montane Grasslands and Shrublands
Tundra
- Mediterranean Forests, Woodlands and Scrub
Deserts and Xeric Shrublands
- Mangroves
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a)

Azevedo 2006 67.38 38.2 —. 0.72[-0.58 , 2.01]
Ceballos et al 2005 46.03 58.77 — -0.38[-1.67,0.92]
McBride 2007 600.68 440 —— 0.32[-1.05,1.69]
Scognamillo et al. 2003 99.5 59.25 —_— 3.67[ 0.89,6.45]
RE Model ——— 0.64[-0.48,1.75]
T T — 1
-3.00 -1.39 0.69 2.08
Observed Outcome
b)
Hahn 2001 186 61 —_— 480[ 2.48,7.12]
Orlando 2008 402.6 176.04 — 115[-0.21,2.52]
Neal et al. 1987 350 265 ——. 0.51[-0.44,1.46 ]
Nicholson et al. 2011 308.48 108.21 —— 1.23[ 0.06,2.39]
Silveira 2004 510.33 246.33 —_ 0.95[-0.44,2.34]
Pittman et al. 1995 490.5 318.8 — 1.05[-0.19, 2.28 ]
Spreadbury et al. 1996 151 55 : 2.93[ 0.78,5.07]
Nicholson 2009 729.5 116.2 : —. 3.36[ 2.18,4.53]
Shackleton 2000 180.5 203.32 -—-—- -0.25[-1.66,1.15]
Anderson et al. 1992 289.2 140.4 Co— 2.04[ 0.45,3.64]
Elbroch and Wittmer 2012 211 98 — 1.07[-0.20, 2.34]
RE Model ———— 1.55[ 0.80,2.30]
T T — 1
-3.00 -1.39 0.69 2.08
Observed Outcome
c)
Dillon and Kelly 2008 19.73 13.37 .—-—. 1.61[0.42, 6.11]
Crawshaw 1995 38.8 17.4 U 3.97[1.16, 1357 ]
Tewes 1986 12.34 7 _— 3.03[0.78,11.77]
Dillon 2005 29 29.6 — 0.96[0.26, 3.52]
Maffei and Noss 2008 3.94 2.99 —_— 2.08[0.50, 8.58]
RE Model p— 2.10[1.16, 3.80]
T T — 1
0.05 0.25 2.00 14.00

Observed Outcome
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Home range estimating method



