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Abstract
Leopardus cat species identification can be performed using footprints. We performed a discriminant function analysis on a data 
set of 52 Neotropical Spotted Cats (NSC) individuals from a Brazilian wildlife reserve. We isolated five morphometrics that wildlife 
biologists can use to identify the author of a track or footprint, i.e. total length, heel pad width, negative space (Lead toe to the 
front lobe of heel pad length), outer toe area and heel pad area. Our technique properly classified 94.2% of the individuals into 
the correct species, and 86.5% of cross-validated groups were correctly identified. By relying on measurable variables rather 
than the observer’s ability to identify a species from a footprint, this technique will increase correct identification during track 
surveys, which will in turn help increase the accuracy of population inventories.
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Introduction

Brazil shelters six felid species, three of which belong to the 
Leopardus genus (Oliveira & Cassaro 1999). We will refer to 
these species as Neotropical Spotted Cats (NSC) as they all 
present spotted fur patterns, i.e., Ocelot (Leopardus pardalis), 
Oncilla (L. tigrinus), and Margay (L. wiedii; Figure 1). NSC 
are found in similar habitats, usually tropical and subtropical 
rainforests and dense vegetation areas (Oliveira & Cassaro 
1999). While larger felids are key species to the balance of 
ecosystems (Terborgh 1990), smaller felid species are also 
critical in controlling small prey populations (Konecny 
1989). The growing anthropogenic habitat alterations, e.g. 
forest fragmentation, poaching, water/soil pollution, affect 
all Brazilian ecosystems and compromise their ecological 
services (Haines et al. 2005; Inskip & Zimmermann 2009). 
Habitat disturbance is a common root cause to the NSC 
species declines (Caso et al. 2008; Oliveira et al. 2008; 
Payan et al. 2008).

NSC discrimination can be challenging as they have many 
similar attributes, e.g. habitats, morphology, behavior, 
ecology (Wang 2002), especially Margays and Ocelots 
(Haemig 2001; Oliveira et al. 2010). Haemig explained 
these similarities by the narrow phylogenetic links between 
them. Recent phylogenetic studies allowed separating these 

close-relative species (Eizirik et al. 1998) and even reported 
hybridization cases (Trigo et al. 2008).

Implementing conservation projects on specific NSC species 
is difficult for several reasons. Solitary nocturnal habits 
and dense, often impenetrable habitat make NSC sightings 
rare events. Each data collection method has its pros and 
cons (Silveira et al. 2003). Telemetry studies are costly and 
generally based on a very small number of individuals 
(e.g. Konecny 1989). The reliability of camera-trapping 
data depends on the ability of the observer to distinguish 
species on photographs (Dillon & Kelly 2008). When time 
allows, spoor surveys remain one of the most affordable 
methods for detecting and identifying felid species using 
footprints and track sets (Lewinson et al. 2001; Gusset & 
Burgener 2005). However, results may vary depending 
on substrate quality, weather conditions and locomotion 
speed (Simonetti & Huareco 1999) and this may interfere 
with the observer’s ability to determine a species by its 
tracks (Smallwood & Fitzhugh 1995; Grigione et al. 1999). 
Therefore, the reliability of data collected by any of these 
methods may be questionable (Frey 2006). Using a similar 
approach to what Lewinson et al. (2001) and more recently, 
García et al. (2010), have done with free-ranging and captive 
pumas (Puma concolor), the objective of this study was to 
verify the possibility of discriminating NSC species by a 
limited number of foot morphometrics, using a computer-
based technique rather than relying on an observer’s visual 
identification abilities.
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variables which explained most of the linear classification 
functions obtained. We verified the NSC species assignment 
using Wilk’s Lambda test, matrices values and locations 
within the scatterplot (Lewinson et al. 2001). Among 
the initial list, we selected the morphometrics the most 
correlated to the two first discriminant functions from the 
structure matrix. We then conducted another DFA with the 
reduced set of morphometrics (DFA2). The probability of 
misclassification of uncategorized cases was assessed using 
cross-validation (Hill & Lewicki 2005). We used SPSS™ 15.0 
to perform all statistical analyses.

We evaluated the predictor variables that explained the most 
of the discriminant functions. We eliminated redundant 
predictor variables to reduce matrix ill-conditioning. We 
selected the variables with the largest absolute correlation 
with the discriminant functions in order to select a reduced 
number of morphometrics usable to discriminate NSC 

Material and Methods

Study area

The Itaipu Binacional’s Wildlife Refuge is a facility sheltering 
several endangered species from inland Atlantic forest. It 
is located 30 km north of Foz do Iguaçu, state of Paraná, 
southwestern Brazil.

Data collection

We used a dataset of 52 captive adult specimens, genetically 
originating from the Iguaçu region. We drew the right fore 
foot outlines on a plastic board placed above footprints in 
sandy soil of 13 Ocelots, 21 Oncillas and 18 Margays. We then 
used SigmaScan Pro™ to accurately obtain morphometrics 
from these outlines (Lewinson et al. 2001). We used linear, 
angular and area measurements as well as total length and 
width (Figure 2; Smallwood & Fitzhugh 1993; Grigione et al. 
1999; Lewinson et al. 2001; García et al. 2010). In total, we 
collected measurements of fifteen morphometric variables 
for each footprint (Appendix S1).

Statistical analyses

We tested normality using Kolmogorov-Smirnov test 
(García et al. 2010) and homogeneity of variance using Box’s 
M test. As the purpose of a discriminant function analysis 
(DFA) is to predict membership in naturally occurring 
groups (Tabachnick & Fidell 1983), we used it to identify 
the variables that could best categorize NSC individuals into 
species groups based on a selected set of morphometrics. 
Thus, we applied DFA to our data set of 52 individuals for 
which we calculated 15 distinct morphometric variables 
from their right fore feet. We evaluated the standardized 
discriminant function coefficients to identify the predictor 

Figure  1. Comparison picture showing morphological 
specificities of each NSC species considered in this article. 
From left to right: Leopardus tigrinus, L. wiedii, and L. pardalis. 
Individuals are all captive adult males. Photograph was taken at 
the Itaipu wildlife refuge facilities.

Figure 2. Linear and angular measurements characterizing NSC 
footprints. 1: Total width, 2: Total length, 3: Angle between inner 
toes, 4: Outer toe spread, 5: Width and length of lead toe, 6: Heel 
to lead toe length, 7: Negative space (Lead toe to the front lobe 
of heel pad length). The area of heel pad and each toe was also 
measured.



42 Natureza & Conservação 10(1):40-44, July 2012Bertrand & Morisot

This may suggest that heel pad area varies very little among 
individuals of a same species, which might explain why this 
morphometric is a component of our species classification 
model. When trying to discriminate males from females, 
García et al. (2010) found that the heel pad width, the inner 
toe area, the second toe area and the heel pad area provided 
the best results. Our data set contained both females and 
males of all three NSC species. Both the heel pad area and 
width contributed significantly to discriminate among 
species, suggesting that sexual size dimorphism also accounts 
for some of the species discrimination. Last, Lewinson et al. 
(2001)’s discriminant model for puma individuals included 
the outer toe spread, the heel to lead toe length and the 
angle between inner toes, which does not corroborate our 
findings for NSC species discrimination but their research 
focuses on pumas’ rear feet.

Misclassification of cross-validated groups accounted for 
13.5% of cases, most of which occurred between Margays 
and Oncillas. Hybridization between NSC species has been 
reported, especially where distribution ranges overlap due 
to environmental stress (e.g., food scarcity; Oliveira et al. 
2008; Trigo et al. 2008). The morphometrics used to 
construct the classification model may need to be reviewed 
as hybridization progressively becomes a common event 
in NSC genetics. Meanwhile, the current model could 
help field NSC identification in 86.5% of cases, as long as 
footprints are clear enough to extract measurements for the 
five selected morphometrics. The application of such tool 
could thus improve the reliability of field NSC inventories 
used for conservation purposes (Frey 2006).

species and develop an effective identification tool for 
wildlife biologists.

The discriminant coefficients of each morphometric of the 
model equation used to compute discriminant scores for 
each case are determined by the following discriminant 
function Equation 1:

= + + + +1 1 2 2 ... n nL b x b x b x c 	 (1)

where L is the latent variable formed by the discriminant 
function, bN are the discriminant coefficients and c is a 
constant.

Results

Using 15 morphometric measurements (Appendix S1), the 
first discriminant function explained 91.5% of total variance, 
and 100% of it could be explained by the two first canonical 
variables. All variables but one (i.e. negative space, Table 1) 
were strongly correlated to the first discriminant function. 
The five morphometrics that contributed the most to species 
discrimination were total length, heel pad width, negative 
space, outer toe area and heel pad area. In DFA2 (Figure 3), 
95.8% of total variance was explained by the first canonical 
discriminant function and the remaining with the second. 
DFA2 model allowed 94.2% of original grouped cases to be 
correctly classified while 86.5% of cross-validated groups 
were correctly classified.

Discussion

The classification model obtained with the five morphometrics 
most correlated to the two discriminant functions failed 
to classify correctly 5.8% of the original grouped NSC 
individuals. Two of the five selected morphometrics have 
been reported to best discriminate puma individuals by 
Smallwood & Fitzhugh (1993), i.e. the outer toe spread 
and the heel pad width. Interestingly, Grigione et al. (1999) 
found that area measurements best discriminate individuals 
of a same species, with the exception of the heel pad area. 

Table 1. Standardized discriminant scores (n = 52 cases). 

Function
1 2

LENGTH 0.803* 0.031
D4A† 0.783* –0.177
PADW† 0.749* 0.130
PADA† 0.732* 0.045
D2A† 0.720* –0.033
D1A† 0.700* –0.107
PADL 0.696* –0.058
D3A† 0.690* –0.260
D3L† 0.642* –0.357
D1D4 0.639* 0.129
WIDTH† 0.619* 0.069
PADD3 0.595* 0.129
D3W† 0.583* –0.168
D2D3 0.269* 0.043
NEGSP 0.062 0.385*

* Largest absolute correlation between each variable and discriminant 
functions. † Ln transformed variables. Variable code key: PADA) Heel 
pad area; D1A) Inner toe area; D2A: Second toe area; D3A: Third toe 
area; D4A: Outer toe area; PADW: Heel pad (maximum) width; PADL: 
Pad length; D3W: Third toe width; D3L: Third toe length; PADD3: Heel 
to lead toe length; NEGSP: Negative space (Lead toe to the front lobe 
of heel pad length); D1D4: Outer toe spread; LENGTH: Total length; 
WIDTH: Total width; D2D3: Angle between inner toes.

Figure  3. Scatterplot showing model performance in 
discriminating NSC individuals by species (n = 52).
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