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Abstract

Small and isolated wildlife populations may be more susceptible to disease, which makes illness an important issue 
to investigate regarding the conservation of large carnivores. Here, we present the results of the first investigation of 
intestinal parasites in one of the last remaining populations of jaguars in the Brazilian Atlantic Forest. We studied 
parasites from fecal samples using three different techniques for parasitological examination: floatation in saturated 
sodium chloride solution, sedimentation and formalin-ether centrifugation. Intestinal parasites were detected in 70% 
of the analyzed samples, and seven taxa (mean = 3.7 taxa/sample) were identified. All the groups of parasites that were 
identified have been recorded in previous jaguar studies. However, the records of Class Trematoda and nematodes 
Trichuridae are the first evidence of these groups of worms in free-ranging jaguars in Brazil. Although our results do not 
provide conclusive evidence on the health of this jaguar population, given its very small size (approximately 20 animals) 
we stress the need to properly understand the dynamics of disease in this wild population and to evaluate the risk of 
contracting new diseases from domestic species inhabiting the neighboring areas. These represent imperative actions for 
the successful conservation of this threatened population of jaguar.
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Resumo

Populações pequenas e isoladas são mais suscetíveis a doenças, o que torna a investigação de enfermidades uma 
questão importante para a conservação de grandes carnívoros. O presente estudo apresenta os resultados da primeira 
investigação de parasitos intestinais em uma das últimas populações remanescentes de onça-pintada na Mata Atlântica 
brasileira. Os parasitos foram obtidos a partir de amostras fecais, sendo utilizadas três técnicas para exame parasitológico: 
flutuação em solução saturada de cloreto de sódio (Método de Willis), sedimentação (Método de HPJ) e centrifugação 
com formol-éter. Parasitos intestinais foram detectados em 70% das amostras analisadas, tendo sido identificados 
sete táxons (média = 3,7 taxa/amostra). Todos os grupos de parasitos identificados foram mencionados em estudos 
anteriores realizados com onças-pintadas. Entretanto, os registros de Trematoda e nematoides Trichuridae aqui obtidos 
representam a primeira evidência desses grupos de vermes em onças-pintadas de vida livre no Brasil. Embora os resultados 
obtidos não sejam conclusivos quanto à saúde da população estudada, em virtude do tamanho populacional reduzido 
(aproximadamente 20 indivíduos), recomenda-se a investigação da dinâmica de doenças, bem como a avaliação do risco 
de contração de novas doenças a partir do contato com animais domésticos provenientes do entorno da área estudada. 
Essas investigações são fundamentais para a conservação dessa população ameaçada de onças-pintadas.
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Introduction

Diseases are particularly relevant for the conservation of large 
carnivores because many species or populations of large predators 
are currently seriously threatened by other factors, such as reduced 
distribution, habitat loss, overexploitation of prey populations 
and persecution by man (MURRAY et al., 1999). Taken together, 
these factors further increase the risk of species loss.

The jaguar (Panthera onca Linnaeus, 1758) is the largest cat in 
the Americas. Its historical range extended from the southwestern 
United States to northern Argentina (SEYMOUR, 1989). 
Currently, the species is considered extinct in part of its original 
distribution (SANDERSON et al., 2002). In Brazil, the most 
significant populations are located in the Pantanal and Amazon 
regions (SILVEIRA; CRAWSHAW Jr., 2008), and the Atlantic 
Forest represents an area where the species is more threatened 
(SANDERSON et al., 2002). The current presence of the species 
has been confirmed in eight regions or locations in the entire 
biome, and all subpopulations in the Brazilian Atlantic Forest 
are declining (BEISIEGEL et al., 2012). These subpopulations 
are restricted to isolated areas and small remnant areas, which is 
extremely grave considering the ecological and behavioral demands 
of the species.

Wildlife populations in small areas may be more susceptible 
to diseases due to higher population densities and increased 
transmission of infectious diseases among individuals (micro or 
macroparasites), which also contributes to increased parasite loads 
due to repeated reinfection (GILBERT, 1994). In this context, 
diseases can become additional threats to the conservation of wildlife 
by contributing to the decrease in the viability of populations due 
to reduced individual longevity (PRIMACK; RODRIGUES, 
2001). These issues are more devastating in small, isolated and/or 
declining populations (MURRAY et al., 1999) and in populations 
with malnutrition, stress (ULLREY, 1993) and/or high inbreeding 
rates (O’BRIEN et al., 1985).

This study presents the results of the first efforts to characterize 
the intestinal parasites in a wild jaguar population in the Atlantic 
Forest from southeastern Brazil. This population represents the 
very last population of the species in the state of Espírito Santo 
and one of the last populations in the entire biome.

Materials and Methods

Study area

The study was conducted in the Reserva Natural Vale (RNV, 
Vale Natural Reserve), which is located 30 km north of the Doce 
River, between the municipalities of Linhares and Jaguaré in the 
state of Espírito Santo, southeastern Brazil (19°06’-19°18’ S and 
39°45’-40°19’ W). The RNV is a private protected area (22,711 
ha) and it is adjacent to the Reserva Biológica de Sooretama 
(RBS, Sooretama Biological Reserve = 27,859 ha). Together, these 
reserves form a continuous block of native vegetation (Linhares/
Sooretama block) that is intercepted by the BR-101 highway and 
represent 10% of the remaining area of native forest in the state 
(SOSMA; INPE, 2011).

Sample collection and laboratory procedures

The parasitological tests were performed using fecal samples 
collected in the RNV between November 2006 and October 2007. 
The samples were collected monthly along internal unpaved roads 
located within the Reserve. These roads were surveyed by two 
observers on bicycles. A total of 547 km of internal roads were 
covered in the RNV during the sampling period.

Only fresh fecal samples (damp and shiny surface; strong 
odor) were collected for parasitological examinations. This type 
of fecal sample is more likely to contain parts of parasites that 
are still intact. We collected one slice of the internal portion of 
each sample, placed it in an 80-ml plastic bag and preserved the 
sample in MIF solution (Merthiolate-Iodine-Formaldehyde) for 
better fixation of the cysts and oocysts of protozoans and the eggs 
and larvae of helminthes, as well as adult worms. We stored the 
remainder of the feces in plastic bags, and they were maintained 
frozen in the RNV field laboratory until further analysis. The samples 
were later sent to the Laboratory of Veterinary Helminthology 
at Universidade Federal de Minas Gerais (UFMG) for analysis.

We collected all fresh fecal samples of felids encountered in the 
field regardless of the sample size, as there is considerable overlap 
in feces morphology and dimensions between jaguars and other cat 
species present in the RNV, particularly the puma (Puma concolor 
Linnaeus, 1771) and ocelot (Leopardus pardalis Linnaeus, 1758) 
(FARRELL et al., 2000; HAAG et al., 2009; MIOTTO et al., 
2007). We identified the cat species by searching for guard hairs 
(hair ingested by specimens during self-cleaning and eliminated in 
the feces) and comparing them with a reference collection (futher 
details can be found in DEL DUQUE Jr., 2012). We also used 
genetic analysis to assist in the identification of cat species (fecal 
DNA extraction) (details of the methodology and results can 
be found in HAAG et al., 2009 and SRBEK-ARAUJO, 2013).

We performed macroscopic examination of the samples, 
followed by detailed analysis of the fractions selected with the 
stereomicroscope, to investigate the presence of adult parasites. 
We used the following methods for finding cysts, oocysts, eggs 
and the larvae of parasites in the samples: floatation in saturated 
sodium chloride solution (WILLIS, 1921), sedimentation 
(HOFFMAN et al., 1934) and formalin-ether centrifugation 
(RITCHIE, 1948). We identified the parasitic forms by light 
microscopy. We used different methods to optimize data collection, 
as there is no single method capable of diagnosing all parasitic 
forms concomitantly (SOUZA; AMOR, 2010).

The identification of parasites followed Soulsby (1968), 
Skryabin (1969) and Yamaguti (1961, 1963).

Results

We sent 10 fresh jaguar fecal samples collected in the RNV to 
the laboratory for parasitological examinations. In total, 70% of the 
samples were positive for the presence of intestinal parasites. Seven 
taxa were identified from oocysts or eggs: Phylum Apicomplexa, 
Phylum Acanthocephala, Order Pseudophyllidea (Cestoda), 
Class Trematoda, Family Ancylostomatidae (Nematoda), Family 
Ascarididae (Nematoda) and Family Trichuridae (Nematoda) 
(Table 1; Figure 1). Two different forms of eggs of Ascarididae were 
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Table 1. Intestinal parasites identified in jaguar fecal samples collected in the Reserva Natural Vale (Linhares/ES). The parasitic forms detected 
in the samples and the number of positive samples of each parasite (# samples) are also included.

Phylum Class Order Superfamily Family Parasitic Form Parasite (# samples)
Apicomplexa oocyst Apicomplexa (2)

Acanthocephala egg Acanthocephala (4)
Platyhelminthes Cestoda Pseudophyllidea egg Pseudophyllidea (5)
Platyhelminthes Trematoda egg Trematoda (3)

Nematoda Chromadorea Strongylida Ancylostomatoidea Ancylostomatidae egg Ancylostomatidae (5)
Nematoda Chromadorea Ascaridida Ascaridoidea Ascarididae egg Ascarididae 1 (2)
Nematoda Chromadorea Ascaridida Ascaridoidea Ascarididae egg Ascarididae 2 (3)
Nematoda Chromadorea Ascaridida Ascaridoidea Ascarididae adult Toxocara sp. (1)
Nematoda Enoplea Enoplida Trichinelloidea Trichuridae egg Trichuridae (1)

Figure 1. Eggs of intestinal parasites identified in jaguar fecal samples collected in the Reserva Natural Vale (Linhares/ES): a. Acanthocephala; 
b. Pseudophyllidea; c. Trematoda; d. Ancylostomatidae; e. Ascarididae; f. Trichuridae.
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found. We detected adult parasites in only one sample, represented 
by the nematode Toxocara sp. (Family Ascarididae) (Table 1).

We detected between two and six different taxa of parasites per 
positive sample (mean = 3.7 taxa). The cestodes Pseudophyllidea and 
the nematodes Ancylostomatidae were the most common groups 
of parasites (detected in five samples), followed by Acanthocephala 
(recorded in four samples). We recorded the nematodes Trichuridae 
in only one fecal sample.

According to the data obtained from the genetic analyses (see 
SRBEK-ARAUJO, 2013 for details), three fecal samples collected 
in different months belonged to the same individual jaguar. We 
identified four taxa of parasites in the first fecal sample (November 
2006: Phylum Apicomplexa, cestodes Pseudophyllidea, Class 
Trematoda and nematodes Ancylostomatidae); no intestinal 
parasites in the second sample (April 2007); and only two parasites 
in the third sample (July 2007: the cestodes Pseudophyllidea and 
nematodes Ancylostomatidae). Considering these three samples, 
the total number of taxa identified for this individual jaguar was 
equal to that identified in the first sample (n = 4).

Discussion

Studies related to the investigation of intestinal parasites in 
wild jaguars are scarce, and most of the available information 
for the species comes from individuals housed in captivity (e.g., 
OTTO, 1974; PATTON et al., 1986; MÜLLER et al., 2005; 
CASTRO; ALBUQUERQUE, 2008; FURTADO; FILONI, 2008; 
VIEIRA et al., 2008; BRANDÃO et al., 2009). Nevertheless, 
the data available in the scientific literature represent a total 
of five Phyla and 15 Families of jaguar intestinal parasites. All 
the taxa identified in the jaguar population in the RNV have 
been recorded in previous studies. However, the records of the 
Class Trematoda and the nematodes Trichuridae obtained in the 
present study are the first records of these groups in free-ranging 
jaguars in Brazil. The nematodes Trichuridae have been recorded 
in free-ranging puma and oncilla (Leopardus tigrinus Schreber, 
1775) (VIEIRA et al., 2008), and the Class Trematoda has been 
previously recorded only in the jaguarundi (Puma yagouaroundi 
É. Geoffroy, 1803) (SIMÕES-BARBOSA; PONTUAL, 1949) 
in studies with wild cats in Brazi. These three species of wild cats 
also inhabit the RNV.

The average number of parasite taxa/sample in the RNV 
is higher than in a previous study of wild cat species (n = 2) in 
Belize (PATTON et al., 1986). However, the maximum number 
of taxa/sample was higher in the study of Patton et al. (1986) 
(up to eight taxa).

The variation in the number of parasite taxa identified in 
different fecal samples from the same individual, including a 
sample considered negative for the presence of parasites (no 
parasites found), indicate that the non-detection of parasites 
in fecal samples may actually represent false-negative results. 
Regarding these results, we agree with Souza and Amor (2010), 
who stated that when only one sample is analyzed and the result 
is negative, it should not be evaluated as conclusive. According 
to these authors, the production of eggs, larvae, cysts and oocysts 
is not uniform throughout the day or during the life cycle of 

the parasite (SOUZA; AMOR, 2010). When considering the 
lack of evidence of parasites in general or for a particular taxon 
of parasite, we further suggest that false-negative results may be 
related to the heterogeneous distribution of parasitic forms in a 
given fecal sample. This may lead to biased results when only one 
portion of the feces is collected for parasitological examinations.

Intestinal parasites in general, particularly the helminths, have 
not been identified as a cause of death in wild animals; however, 
they are associated with changes in behavior, reproduction and 
assimilation of nutrients, which can result in individuals being 
more vulnerable to other environment pressures (ANDERSON, 
1976). However, the age of the infected animal and the intensity 
of the infection can influence the severity of the intestinal parasitic 
infections. The parasites can cause, for example, mechanical 
obstruction of the intestine due to the existence of a large number 
of adult parasites and severe anemia due to the extraction of 
nutrients, ultimately reducing the nutritional status of the host 
(BOWMAN, 2010). However, such manifestations are observed 
only in prolonged and massive parasitism cases (BOWMAN, 2010).

Beyond the susceptibility to a wide variety of parasites (viruses, 
bacteria, protozoa and helminths, among other groups), carnivores 
are vulnerable to pathogens that are easily transmitted from domestic 
species (MURRAY et al., 1999). The contact between wild species 
and domestic dogs (Canis lupus familiaris Linnaeus, 1758), for 
example, which has been recorded in different regions of the 
Atlantic Forest (GALETTI; SAZIMA, 2006; SRBEK-ARAUJO; 
CHIARELLO, 2008; PASCHOAL et al., 2012), may promote 
disease transmission among these groups. And the transmission 
of diseases is identified as one of the most serious consequences 
of the contact between native and exotic animals (HAASS et al., 
1996; ROELKE-PARKER et al., 1996; CARPENTER et al., 
1998; CLEAVELAND et al., 2000; BUTLER et al., 2004). The 
RNV has an irregular shape (high extension of edges) and is 
surrounded by areas consisting mainly of pasture and crops (JESUS; 
ROLIM, 2005). In this scenario, the possibility of contact between 
jaguars and domestic dogs, culminating with the introduction 
of new parasites in the wild population, is a real threat for the 
conservation of this large cat. Indeed, the presence of domestic 
dogs has been recorded in the RNV through direct sightings, 
records of vocalizations and camera traps (SRBEK-ARAUJO; 
CHIARELLO, 2013). This situation is further aggravated by the 
extremely small size and isolation of this jaguar population in the 
Linhares/Sooretama block, with estimations of only approximately 
20 animals (SRBEK-ARAUJO, 2013).

Although information on the known impacts of disease on 
wild populations of jaguars is limited (FURTADO; FILONI, 
2008), the effects may become more severe in small and isolated 
populations (MURRAY et al., 1999) and in populations exposed 
to inbreeding depression (O’BRIEN et al., 1985). Unfortunately, 
these conditions are shared by all surviving populations of 
jaguars across the Atlantic Forest biome. Thus, it is necessary to 
conduct investigations and monitoring to properly understand the 
dynamics of disease in wild populations of jaguars (FURTADO; 
FILONI, 2008). The identification of parasites present in the 
remaining populations and the evaluation of the risk of contracting 
other diseases, particularly from domestic species inhabiting the 
neighboring areas, are of particular importance.
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It is relevant to highlight that diseases transmitted between 
wildlife and domestic animals are often bi-directional. They can be 
fatal to both groups with the potential for transmission to humans, 
therefore favoring the emergence of new zoonoses (BENGIS et al., 
2002). For this reason, the avoidance and prevention of contact 
between wild and domestic animals not only contribute to the 
conservation of threatened native species but also represent a 
preventive action benefiting public health.
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