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Abstract
Home range and minimal population densities of Southern tiger cat (Leopardus guttulus), margay (Lepardus wiedii) 
and jaguarundi (Puma yagouaroundi) were estimated between 2005 and 2006 in Taquari Valley, near the southern edge 
of the Atlantic Rainforest in Brazil. Home range data were collected by conventional radio telemetry (VHF) locations 
in a highly fragmented landscape. The average home range size, calculated using 95% kernel density estimates, was 
16.01 km2 for Southern tiger cat, 21.85 km2 for margay and 51.45 km2 for jaguarundi. Telemetry data were used to 
obtain minimal density estimates of 0.08 Southern tiger cats / km2, and 0.04 jaguarundi / km2. The density estimates 
arise from areas where ocelot (Leopardus pardalis) and other larger-bodied carnivores were locally extinct, and they 
suggest a specific type of mesopredator release known as the ocelot effect, which is likely enabling the increase in 
smaller felid populations in this area.
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Área de vida e densidade de três felídeos simpátricos  
na Mata Atlântica do Brasil

Resumo
Neste estudo são apresentadas áreas de vida e estimativas mínimas de densidade populacional do gato-do-mato-pequeno 
(Leopardus guttulus), gato-maracajá (Leopardus wiedii) e gato-mourisco (Puma yagouaroundi) obtidas entre 2005 
e 2006, no Vale do Taquari, próximo ao limite sul da Mata Atlântica no Brasil. Os dados sobre área de vida foram 
coletados com a utilização de telemetria convencional (VHF) em uma paisagem altamente fragmentada. A área de vida 
média, calculada por Kernel 95%, foi de 16,01 km2 para o gato- do-mato-pequeno, 21,85 km2 para o gato-maracajá 
e 51,45 km2 para o gato-mourisco. Os dados de telemetria foram utilizados para obter uma estimativa de densidade 
mínima de 0,08 gatos-do-mato-pequenos por km2, e 0,04 gatos-mourisco por km2. As estimativas de densidade são 
oriundas de áreas sem a presença de jaguatiricas (Leopardus pardalis) ou outros predadores de maior porte, todos 
localmente extintos, com possíveis efeitos de um tipo específico de relaxamento de mesopredadores, conhecido como 
“Efeito Pardalis” que podem permitir o aumento do tamanho das populações de gatos menores.

Palavras-chave: Leopardus guttulus, Leopardus wiedii, Puma yagouaroundi, telemetria, armadilhas fotográficas.

1. Introduction

Understanding population processes is fundamental 
for the development of conservation strategies (Caughley, 
1977). Population density is a fundamental aspect of 
population ecology, yet it is often one of the least studied, 
especially for rare species. The study of felids presents an 
extreme example of this problem, since felids are usually 
found in low densities, are primarily nocturnal, shy and 
elusive (Karanth  et  al., 2003; Thomas and Miranda, 

2003). Several researchers have been using camera traps 
for assessing demographic parameters such as density 
and abundance of elusive neotropical cats such jaguars 
(Panthera onca) (Linnaeus, 1758) (Wallace et al., 2003; 
Silver et al., 2004; Maffei et al., 2004; Soisalo and Cavalcanti, 
2006; Paviolo  et  al., 2008) and ocelots (Leopardus 
pardalis) (Linnaeus, 1758) (Trolle and Kéry, 2003, 2005; 
Maffei et al., 2005; Di Bitetti et al., 2006, 2008; Dillon and 
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Kelly, 2007; Maffei and Noss, 2008). Another technique 
available for investigating felid population densities is 
radio telemetry, which provides significant data on home 
range sizes, and individual use and selection of habitats, 
and enables better understanding of the spatial ecology of 
felid species. Again, just a limited numbers felid species 
in South America such jaguars (Crawshaw Junior and 
Quigley, 1991; Soisalo and Cavalcanti, 2006), mountain 
lions (Puma concolor) (Franklin et al., 1999; Mark et al., 
2009), ocelots (Konecny, 1989; Dillon and Kelly, 2008) 
and Geoffroy’s cat (Leopardus geoffroyi) (d’Orbigny & 
Gervais, 1844) (Manfredi et al., 2006; Pereira, 2010) were 
subject of studies.

The ecology of smaller felids continues to be neglected 
in relation to other larger felid species such as jaguars, and 
population parameters remain unknown for most species. 
Recently, insights about the effect of the presence and 
density of ocelots over ecological parameters of smaller 
species were described, showing that Southern tiger cat 
(Leopardus guttulus) (Schreber, 1775), margay (Leopardus 
wiedii) (Schinz, 1821) and jaguarundi (Puma yagouaroundi) 
(É. Geoffroy, 1803) numbers are negatively affected by the 
presence of ocelot (Oliveira et al., 2010). However, data 
on the home range and densities of these small felids are 
scarce, limiting our understanding of ecological processes 
and requirements of these species. Ocelot densities are 
negatively affected by increased levels of human disturbance 
(Di Bitetti et al., 2008), which has been associated to the 
local extinction of the species in highly anthropized areas 
such as the Taquari Valley, in the southern limit of the 
Brazilian Atlantic Forest (Kasper et al., 2007). The absence 
of ocelot in some areas, including many locations within the 
fragmented Atlantic Forest, may provide opportunities for 
an increased abundance of smaller competing felid species.

Small felids such as the Southern tiger cat, margay and 
jaguarondi are poorly studied, and the knowledge about the 
spatial ecology and abundance of these species is hitherto 
limited. There is only one study that investigated the home 
range of jaguarundis in South America (Michalski et al., 
2006), and few references about densities of Southern tiger 
cat populations through its distribution in Brazil (Tortato and 
Oliveira, 2005; Oliveira-Santos et al., 2012). Despite this 
dearth of information on the ecology of these species, they 
are classified as threatened by regional (Fontana et al., 2003) 
and national red lists (Oliveira et al., 2013; Tortato et al., 
2013; Almeida et al., 2013).

The aim of this study is to estimate the home range 
size and the minimal densities for three small felid species, 
namely Southern tiger cat, margay and jaguarondi, in a 
fragmented area of southern Atlantic Forest, one of the 
most endangered biomes in the world.

2. Material and Methods

Telemetry studies were conducted in a fragmented 
area of the Taquari Valley, in the central region of Rio 
Grande do Sul State, southern Brazil (reference coordinate 
29° 37’ S 52º 00’ W). The study area is highly fragmented, 

and composed of a matrix of small properties (usually less 
than 10 ha), rice and soy crops, cattle ranching (which is 
the most important economic activity), and small native 
and exotic forest fragments. Almost all the households 
in the area hold small domestic stocks, which are mostly 
composed of chickens, and often represent the main source 
of conflict with the local fauna.

In this area, three Southern tiger cat, one margay and 
three jaguarundis were captured and fitted with VHF radio 
collars (Advanced Telemetry Systems, Model 1930). 
Captures were conducted using two to four Tomahawk 
traps 45 x 60 x 120 cm (width, height, length) baited 
with live domestic quails or chickens. Traps were placed 
in fragments and corridors of forest and set at 2 to 3 Km 
apart. They were checked every morning, when food and 
water were provided for living baits. We relocated all 
traps each 30-40 days to increase trapping success and 
the possibility of capturing new individuals. Our total 
sample effort was 840 trap nights between October 2004 
and December 2005.

Chemical immobilization was made by intramuscular 
administration of a combination of 10 mg/kg Ketamine 
and 2 mg/kg Xilazine (Dopalen and Anesaldan Vetbrands). 
Each animal was fitted with a VHF radio collar (Model 
1930 Advanced Telemetry Systems). After recovery, all 
individuals were released at the capture site. All methods 
followed the guidelines of the American Society of 
Mammalogists (Gannon and Sikes, 2007).

Field data were collected 2 to 5 days a week until the 
end of VHF battery life or loss (mortality of individual 
or lack of signal) of a collared individual. Location data 
were collected by triangulation during daytime (White and 
Garrot, 1990) and opportunistically collected by the homing 
technique. Close to the estimated end of battery lifespan 
we conduct campaigns to recapture marked individuals and 
for collar removal. Only one individual was recaptured.

The location of animals was estimated using triangulations, 
which were implemented on LOAS (Ecological Software 
Solutions), discarding all locations with an error greater 
than 1 hectare. To calculate the home range area, we used 
all recorded locations of each individual using Minimum 
Convex Polygon (MCP) and 95% kernel density estimates. 
The home range analyses were performed using Biotas 
2.0 (Ecological Software Solutions). The overlap between 
individuals was estimated for those animals sharing contiguous 
areas that were simultaneously monitored. We calculated 
a minimum population density of the species by dividing 
the sum of the home range used for all individuals and 
the number of animals monitored.

3. Results

We collected 605 locations from seven individuals 
monitored for periods of 4 to 18 months. Jaguarundi showed 
the largest home ranges in this study, with an average of 
51.45 km2 (95% kernel-based home range), or 21.08 km2 
(MCP). The h parameter was wider in jaguarundi home 
ranges estimates (mean h= 856), suggesting a movement 
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pattern more intense in comparison to the other two species 
in this study. Southern tiger cat, on other hand, showed 
smaller home range areas, with an average home range 
of 15.25 km2 (95% kernel-based), or 7.18 km2 (MCP). 
The pattern of dispersion of locations for Southern tiger cat 
was more concentrated than those observed for jaguarundis, 
resulting in smaller h parameter (average h= 503). Margay 
presented an intermediary home range area with 21.85 km2 
(95% kernel-based, but with an h parameter similar to 
that observed in Southern tiger cat (h = 574). The MCP 
estimated 12.66 km2 as the home range for margay. Time 
of monitoring, number of locations and the home range 
of each individual is present in the Table 1.

We found three Southern tiger cats using a combined 
area of 37.22 km2 (100% MCP), resulting on a minimal 
density of 0.08 individuals/km2. The same method was 
used to calculate jaguarundi density, which resulted on 
a combined area of 80.57 km2, and a minimal density of 
0.04 individuals/km2, based on data of three individuals.

4. Discussion

We present home range and minimal density estimates 
of three poorly known neotropical cats. Except for the 
jaguarundi, which occurs through Argentina, these species 
are studied in the southernmost region of their distribution, 
which provide an important foundation for future ecological 
comparisons with other areas where these species occur. 
Telemetry has become more frequently used over the past 
30 years, motivated by miniaturization of devices and 
decrease of costs. However, only a few cat species have 
been studied so far, and almost nothing is known about 
the ecological requirements of these felids. Even basic 
ecological aspects, such as density estimates are lacking for 
many species. The use of home range to estimate densities 
provide secure estimates, given that the minimal numbers 
of individuals using an area is well known. This kind of 
analyses however, can underestimate real densities due to 
the existence of non-marked animals within the area of 
monitored individuals, therefore, we adopted the concept of 
minimal densities, which presents a conservative estimation 
that can be useful for conservation proposes.

The average home range of Southern tiger cat was 
smaller than the other two species, which is expected as 
Southern tiger cat is the smallest species of all the three 
cats in this study. However, the Southern tiger cat uses an 

average area of 21.85 km2 (or 7.18 km2 MCP), a relatively 
large area for a cat with such a small body size (average 
of 3.00 kg). For comparison, a larger cat like Geoffroy’s 
cat, which weights up to 7.80 kg, have home ranges 
varying between 2.48 to 3.42 km2 (MCP) in Argentina 
(Manfredi et al., 2006). Even ocelot, weighting 8-15 kg 
(Oliveira and Cassaro, 2005) presents smaller home ranges 
in locations such as Texas (Haines et al., 2006). Home range 
sizes can be affected by several ecological aspects such as, 
food availability, population density, resting sites, and other 
habitat characteristics; in this case, habitat fragmentation 
can be influencing the use of habitat and the size of home 
range for Southern tiger cat, as well as for other species. 
Jaguarundi seems to have larger home ranges than other 
small felids, as observed in other studies. In southeastern 
Brazil, jaguarundi uses areas ranging from 1.40 to 8.50 km2 
(MCP) (Michalski et al., 2006), and 20 to 100 km2 in Belize 
(Konecny, 1989). In our study, jaguarundi uses areas of 
15 to 30 km2 (MCP), or more than 60 km2 (95% kernel). 
Such an increase on the home range estimates by kernel is 
due to the high degree of movement, and the consequent 
dispersion of locations.

The sympatric occurrence of three cat species is an 
indicative of a possible niche overlap. However, a parallel 
study using camera traps in the same region revels that 60% 
of the records of Southern tiger cat were taken in daytime 
hours, while all photographic records of margay were at 
night (personal communication). Telemetry records show a 
similar pattern, with considerable levels of “active” records 
during daytime for Southern tiger cat, while margay was 
generally inactive until sunset. This species can avoid 
competition by foraging at different times of the day 
(spatio-temporal avoidance). Similar results are cited by 
Oliveira-Santos et al. (2012), in a study that investigated 
the flexibility of the ecology of Southern tiger cat. Our data 
suggest that jaguarundis are much more active during the 
day, which could be increasing the potential of competition 
with Southern tiger cat.

Some researchers have been suggesting that population 
density of margays cannot be easily estimated because they 
show arboreal habits instead of traveling on the ground 
in comparison with other small cats. However, in our 
parallel study using camera traps, we recorded margay 
on the ground with relative frequency. Telemetry data of 
the unique individual monitored suggest the use of resting 
sites in trees during the day, which can explain several 

Table 1. Home range of three Southern tiger cat (Leopardus guttulus), one margay (Leopardus wiedii), and three jaguarundi 
(Puma yagouaroundi) monitored in a fragmented landscape of southern Brazil.

Species Id Locations (period) 100% MCP 95% Kernel

Leopardus guttulus
F1 149 (June 2005 to Oct. 2006) 10.30 km2 16.42 km2

M1 148 (June 2005 to Dec. 2006) 5.95 km2 11.18 km2

M2 34 (Aug. 2006 to Jan. 2007) 5.28 km2 18.15 km2

Leopardus wiedii F1 90 (Feb. 2006 to Oct. 2006) 12.66 km2 21.85 km2

Puma yagouaroundi
M1 114 (July 2005 to Nov. 2006) 15.16 km2 30.44 km2

M2 34 (Apr. 2006 to Nov. 2006) 17.41 km2 60.16 km2

M3 36 (Jan. 2006 to July 2006) 30.68 km2 63.74 km2
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visualizations of this cat species in this arboreal behavior 
(most during day), commented by some researchers. 
During the night, the monitored margay traveled long 
distances in short periods (usually more than 1 km in 
less than 1 hour). These observations, in association with 
photographs of margay on the ground in several study 
sites (Di Bitetti  et  al., 2010; Vanderhoff  et  al., 2011; 
Oliveira-Santos et al., 2012), suggest that low abundance 
of for margay is not an artifact due to arboreal activities. 
Surmising that the capture rates of margay reflect the 
abundance of the species, we can estimate a density three 
times lower than Southern tiger cat and jaguarundis in 
our study site. In areas with the presence of ocelots, the 
density of small cats is minimal, as observed in Parque 
Estadual do Turvo, southern Brazil, where we found just 
one individual margay and one individual Southern tiger 
cat, in the same area used by 23 ocelots, over a three year 
period study (Kasper, 2007). This rarity of smaller cats 
in the presence of ocelots is congruent with other studies 
by Di Bitetti  et  al. (2010), Oliveira  et  al. (2010), and 
described in details by Oliveira et al. (2010) as a specific 
type of mesopredator release (Crooks and Soulé, 1999).

The minimal density estimates in this study are 
comparable with the lower limit of density estimation 
known for other small cats. In Bolivia, for instance, 
population density of Geoffroy’s cat was estimated at 
0.09‑0.42 individuals km2 (Cuellar et al., 2006). Ocelot 
densities were estimated at 0.09-0.66 individuals km2 (Trolle 
and Kéry, 2003, 2005; Maffei et al., 2005; Dillon and Kelly, 
2007) and in the Atlantic Forest specifically, estimates 
vary between 0.09‑0.26 individuals km2 (Di Bitetti et al., 
2006, 2008). Our estimate for Southern tiger cat is similar 
to those presented by Oliveira-Santos et al. (2012), but 
quite different from Tortato and Oliveira (2005), which 
present estimates of 0.87 individuals/km2. We have no 
suggestion to explain this difference, but this seems to 
represent a pattern in which most of wild cats present low 
abundance, close to eight to ten individuals per 100 km2, 
using a conservative estimate.

In this study, we presented data of the use of fragmented 
areas by small felids. The use of this kind of landscape by 
species such Southern tiger cat and margay, suggest that 
conservation of some species is possible even in highly 
anthropized landscapes outside well-preserved areas. 
Conservation strategies that include fragmented areas 
exposed to human disturbance, especially in the Atlantic 
Forest can still play an important role on conserving 
threatened species of small, cats.
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