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ABSTRACT

Due mainly to habitat destruction, feline species are threatened with extinction in Brazil. The
future of feline research and conservation can benefit from the knowledge about these species
and how they are managed in zoos. The present study analysed how the information contained
in the Zoological Information Management System (ZIMS) and the scientific literature can be
complementary to understanding the current scenario of studies on the species, highlighting
the gaps in knowledge, and evaluating the ex-situ population dynamics. The results indicated
that all threatened feline species are kept and bred in zoos. There was a population decline for
Leopardus tigrinus and L. colocolo and an increase for L. wiedii and L. guttulus, while the
other species showed stabilization in captive populations. Age pyramids suggest future
growth for Panthera onca and L. wiedii captive populations. Species with restricted
distributions, such as L. colocolo and L. tigrinus, are less frequent in zoos, reproduce less ex-
situ, and the age pyramids indicate a future decline of captive populations. The most
charismatic species, P. onca and Herpailurus yagouaroundi, have been the most studied.
Despite the increase in studies in the 2000s, knowledge gaps remain, especially in genetic and
reproductive studies. The findings of this study underscore the need for further research and
the potential for zoos to play a significant role in the conservation of Brazilian wild felines,
playing parts not only in the maintenance of viable ex-sifu populations but also in filling

knowledge gaps with individuals from their collections in scientific research.

Keywords: Brazil, scientometrics, conservation, ex-situ, Felidae, ZIMS.
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1. Introduction

Wild cats (felines: Mammalia, Carnivora, Felidae) have always aroused interest in humanity,
whether for their beauty or the conflicts they can have with humans (for example, they can
prey on farm animals and domestic pets or attack people) (Salom-Pérez et al. 2007; Ripple et
al. 2014; Tortato et al. 2021). These conflicts, associated with habitat loss and isolation of
populations, are threatening with extinction of some of the feline species (Inskip and
Zimmermann 2009; Antonio De La Torre et al. 2018; Menezes et al. 2021). For example, of
the 10 native wild cat species of Brazil, seven are threatened with extinction, all classified as
vulnerable by the Brazilian red list (the jaguarundi Herpailurus yagouaroundi, the Pampas cat
Leopardus colocolo, the Geoffroy’s cat Leopardus geoffroyi, the Southern tiger cat Leopardus
guttulus, the Northern tiger cat Leopardus tigrinus, the Margay Leopardus wiedii, and the
jaguar Panthera onca) (Ministério do Meio Ambiente 2022). Of these, two are also classified
as vulnerable (L. tigrinus and L. guttulus) and two as near threatened (P. onca and L.
colocolo) by the International Union for the Conservation of Nature’s International Red List
(IUCN 2024). The extinction of these species can affect the entire ecosystem (Woodroffe
2000; Crooks 2002; Yasuda 2004), threatening the stability of the biotic community (Silveira
et al. 2003; Rabinowitz and Zeller 2010; Thompson et al. 2021). Thus, conservation measures

are necessary, both in-situ and ex-situ.

Effective conservation measures rely on robust scientific research. However, such studies are
often scarce for less charismatic or rarer species, especially in the wild (Prokop et al. 2023).
Furthermore, revisions that compile existing knowledge about species and identify gaps in
this knowledge are unavailable for most animal groups. One published study that compiled
information about Brazilian wild cat studies was published in 2006 and evaluated only
published material from zoology and mammalogy conferences, from 1994 to 2002 (Oliveira
2006). Another was published about the key environmental cues that influence the occupancy
of small South American felids, using data from 2002 to 2020 (Galvez et al. 2023) Therefore,

scientometric studies, which summarise updated information available in the scientific
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literature, are necessary to outline the situation and knowledge on the threatened Brazilian
felines and highlight knowledge gaps in the study of Brazilian feline science. These studies
can guide future research efforts on these species and provide subsidies for conservation

programmes, especially in-situ actions (Milojevi¢, 2015; Sun et al., 2013).

Some species of wild cats are very charismatic to humans (Corcoran and Fisher 2022). To be
considered charismatic, a species must be evaluated by its "reputation” in society (how people
understand and view the species), its aesthetics (how "pretty or cute" the species is), its
potential to generate satisfaction (how interesting the species is to curious people and
scientists) and its fame (how easy it is for the species to be detected and differentiated from
other species by people) (Pardini et al. 2006; Ducarme et al. 2013). In Brazil, the jaguar and
the jaguarundi met these criteria (Morato et al. 2006). Charismatic species are most often
exhibited in zoo collections due to their power to attract the public (Skibins and Powell 2013;
Skibins et al. 2017). Because they are more common in zoos, these species are often the target
of studies, and thus, more information is produced about their biology (Conde et al. 2011;
Marris 2013). On the other hand, less charismatic species, with small wild populations or very
restricted distribution, are not common in zoo collections and, consequently, fewer studies
and less information are produced about them, hindering their conservation and increasing the

risk of their becoming extinct in the long term (Prokop et al. 2022).

For ex-situ conservation actions, the reproduction and long-term maintenance of viable
populations of feline species in zoos is necessary. The dynamics of these species' captive
populations are important for conservation programmes. This information can be accessed by
evaluating the data on the Zoological Information Management System (ZIMS), operated by
Species360 (Cohn 2006). With more than 1,200 institutions registered over more than 50
years of existence and more than 330 million records on animal species kept in human care
(SPECIES360 2024), ZIMS is a conservation tool based on shared knowledge about biology
and ex-situ management (Maple and Perdue 2013; Farquharson et al. 2021; Vincze et al.

2022).
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The aim of this study was to evaluate the existing knowledge in the scientific literature on
endangered Brazilian wild cats and assess the role of zoos in maintaining and reproducing
these species ex-situ, analysing how this information can be complementary to understand the
current scenario of studies on the species, to highlight the gaps in knowledge, and to evaluate
the ex-situ population dynamics. The evolution of captive populations over time was
evaluated, testing the influence of group size (number of males and females) on reproductive
success. We hypothesised that zoos could contribute to the conservation of endangered
Brazilian wild cats by maintaining reproductively active populations, showing growth in the
number of individuals over time, with age pyramids indicative of growth, especially for the
more charismatic species (jaguar and jaguarundi). We also hypothesised that greater
reproductive success would be observed in zoos located in the natural geographic distribution
of the species, that is, in the American continent. We predicted that more births would occur
in South America, the native range of the species, and for species with larger populations. We
also hypothesised that the number of published studies would be more significant for the
larger and more charismatic feline species (jaguar and jaguarundi). Still, gaps will be

identified for less charismatic and rarer species.

2. Material and Methods

2.1. Threatened Brazilian wild cat species

All seven species of Brazilian wild cats threatened with extinction (Ministério do Meio
Ambiente 2022) were selected for this study. All are classified as vulnerable due to habitat
loss, conflicts with humans, and diseases from domestic animals (Ministério do Meio
Ambiente 2022) (Table 1). The only two species considered charismatic are the jaguarundi

and the jaguar while the other five were classified as less charismatic (Morato et al. 2006).

The jaguarundi habitat ranges from open shrublands to closed-canopy forests (Téfoli et al.
2009). As a primarily diurnal species, it is relatively easy to observe and consequently well-

known. However, it is not abundant (Pro-Carnivoros 2024). With a distribution spanning from
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the southern United States (very rare) to central Argentina (da Silva et al. 2016), the
jaguarundi is classified as a wide-ranging species within our study (Table 1). The jaguar
originally had a geographical distribution ranging from the southwestern United States to
northern Argentina. However, jaguars are now officially extinct in the United States (Sunquist
and Sunquist 2009). Despite this, the species is classified as having a wide distribution within
the scope of our study (Table 1). This species inhabits various habitats, from forests such as
the Amazon and the Atlantic Forest to open environments such as the Pantanal and the
Cerrado. While being mostly nocturnal, they are not exclusively active at night (Pro-

Carnivoros 2024).

The geographical distribution of the Pampas cat extends from the Andean region of Peru to
the temperate portion of South America, including the Pantanal and central Brazil (Lucherini
et al. 2009). In our study, this species was classified as having a partial southern distribution,
as it is exclusively found in South America (Table 1). Pampas cats inhabit a variety of
habitats, from open grasslands (most common) to forests with closed canopy cover (Walker et
al. 2007). The activity period of this non-charismatic species is mainly nocturnal (da Silva

Santos et al. 2018) (Table 1).

The Geoffroy's cats are solitary animals with a geographic distribution throughout southern
Bolivia to southern Argentina and Chile (Tirelli et al. 2018; Pro-Carnivoros 2024). This
species was categorized within our study as having a partial southern distribution (Table 1).
The southern tiger cat is Brazil's most common non-charismatic wild cat, occurring mainly in
the Atlantic Forest. However, its range extends to north-western Argentina and throughout
Paraguay (in our study, it is classified as having a partial southern distribution). While
predominantly a forest dweller, this species has also been recorded in non-forested habitats

(Pro-Carnivoros 2024) (Table 1).

The northern tiger cat is found in north and northeastern Brazil, Venezuela, the Guianas, and

some regions of Central America (de Oliveira et al. 2020). This species was categorized
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within our study as having a partial northern distribution, as it is exclusively found in South
and Central America (Table 1). Primarily nocturnal, they hunt after dusk and during the night

(Pro-Carnivoros 2024).

The Margay is a rare, essentially nocturnal species with a wide distribution ranging from
northern Mexico to Uruguay and northern Argentina (classified as a species with a wide

distribution in our study) (Espinosa et al. 2018; Horn et al. 2020; Marinho et al. 2024) (Table

).

Insert Table 1 here

2.2. Scientometric data and statistical analyses

Scientific articles on threatened Brazilian wild cat species were surveyed in three electronic
bibliographic search databases: Web of Science (WOS), Pubmed, and Scopus. We searched
articles covering the period between 1975 and 2023. The starting year of 1975 was selected to

align with the initial records in the ZIMS database.

The keywords used to search for articles were ‘Felidae AND Brazil*’ and ‘scientific name of
the species AND Brazil*’. As an intercession, the asterisk symbol (*) and the word ‘AND’
were used as Boolean moderators to consider any and all variations of the keywords. The
inclusion criteria for studies in the analyses were peer-reviewed articles about threatened
Brazilian wild cat species. Book chapters, abstracts, and conference proceedings were

excluded.

The search was carried out on 07 June 2023. All the relevant papers were exported to the
Rayyan program, a free application for managing articles in systematic reviews (OUZANNI
et al., 2016). For each article selected, the following information was obtained: title, year of
publication, journal and impact factor, the country where the study was conducted, author(s),

institution of the first author, wild cat species, type of environment where the study was
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conducted (in-situ or ex-situ), type of study (ecology, veterinary, behaviour, physiology, ex-

situ management or conservation), and sample sizes.

For the research design, articles were selected based on the recommendations for systematic
reviews in the PRISMA statement (Principal Reporting Items for Systematic Reviews and
Meta-analyses) (MOHER et al., 2009). The literature search yielded 5,308 articles, but 1,116

were included in the analyses (Figure 1).

] |

rPa\.]_:lers found (N=5308)
Web of Science (N=1554)
Scopus (N=1286)
LPubmed (N = 2468}

!

Inclusion decision

Papers removed before the screening

process: duplicates (N= 2760)

] [ Identification

-

Papers included based on
title(N=2548)

—_— [Papers excluded (N=1050) ]

Screening

text (N=1498)

Papers screened based on the entire
———» |Papers excluded (N=382)

(N=1116)

Papers included in the review]

[ Inclusion ][

Fig. 1 Prisma Protocol applied to the scientometric analyses of the seven Brazilian wild cat

species threatened with extinction.

Descriptive statistics were calculated for the data extracted from the scientometric analysis.
The results were presented in absolute and relative numbers whenever necessary (some
results add up to more articles than the total number of articles included because some studies

evaluate more than one species of wild cats).
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A piecewise regression was carried out to assess if there was a breaking point in the number
of publications over the years, i.e., the point where there is a sudden increase in the number of

publications on threatened felines. The analyses used R 4.3.2 software (R Core Team 2023).

Generalised Linear Mixed Models (GLMMs) were built to assess whether the number of
publications (response variable) differed according to each type of study (ecology, behaviour,
physiology, management, and conservation) (explanatory variable). The models were built
separately for each species of wild cat. Year was used as a random variable in all models. The
analyses were carried out using the R 4.3.2 software (R Core Team 2023); the glmer function
from the Ime4 package was used to build the models, while the graphs were built using the
ggplot and ggplot2 packages (Bates et al. 2015). The Infogram© program was used to create
maps of study distribution by countries that publish scientific data on the seven Brazilian

threatened wild cat species.

2.3. ZIMS database and statistical analysis

The data on the management of wild cat species in zoos was obtained from the ZIMS
database (Species360 Zoological Information Management System (ZIMS) 2024), based on a
search on the Specie360 platform conducted by a subscriber to the data package on 30
January 2024. Records of the species of interest between 1975 and 2023 were considered. For
each wild cat species analysed, the following information was extracted from the ZIMS
database: country of the Institution and its geographical region (Africa, South America, North
America, Europe, and Asia), number of individuals in the population, number of births,
number of deaths, age pyramid and evolution of the captive population over time. This
information made it possible to analyse the evolution of the population of each species over
time, regardless of the institution assessed. Generalised linear models (GLMs) were
constructed to determine whether the number of births of individuals in zoos (response
variable) is influenced by geographical region and by the number of males and females in the

population (explanatory variables). The analyses were carried out using Minitab 19 software.
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3. Results

The number of studies increased between 1975 and 2023, with the highest number published

in 2021 (96 articles) (Figure 2). However, no breakpoint was found (Figure 2).
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Fig. 2 Number of published articles per year on the seven Brazilian wild cat species
threatened with extinction. The trend line shows no breakpoint, i.e. a point where the number

of publications significantly differs between two years.

The species with the highest number of published studies was the jaguar, with 752 articles
(67.3%), followed by the Margay, with 189 articles (16.9%), and the jaguarundi, with 188
articles (16.8%), the Northern tiger cat, with 163 articles (14.6%) and the Geoffroy’s cat, with
140 articles (12.5%). The species with the lowest number of articles were the Pampas cat,

with 75 articles (6.7%) and the Southern tiger cat, with 56 articles (5.1%).

For almost all species, the most frequent studies dealt with aspects of the animals' physiology
(Figure 3), and these differences were statistically significant (Supplementary Material 1).

Only the Southern tiger cat and the Margay species had more studies about their distribution
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222 for all species (Figure 3).
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differences.

Most studies (630, 47.09%) on the seven wild cat species were conducted in Brazil, followed
by Mexico (164, 12.26%) and the United States (110, 8.22%) (Figure 4a). Most of these
studies were conducted in the wild (in-situ: 1130, 72.20%; in zoos or ex-situ: 303, 19.36%).
The countries with the most significant number of institutions registered in the ZIMS that
housed at least one of the seven threatened Brazilian feline species are located in Europe,
North America, and South America (Figure 4b). No zoo in Oceania keeps the feline species of

interest, and Africa was the continent with the fewest representative zoos (Figure 4b).

0 2 40 60 80 100 120 140 160 180 200 220 240 260 280 300 2 4 [ ] 10 12 14 16 18 20 22 24

Fig. 4 A) Countries with the most publications on the seven species of Brazilian wild cats
threatened with extinction. B) Worldwide geographical distribution of zoological institutions

that keep one of the seven species of Brazilian wild cats threatened with extinction.

The jaguar appears in the collections of 171 zoological institutions, most in Europe and North
America. In total, 411 jaguar individuals were kept in zoos in 2023, 204 males and 206
females. The species jaguarundi could be found in 34 zoos, spread across Europe, North
America, South America, and Asia, with 68 specimens (32 males and 42 females). Nine
Pampas cat individuals are found in three zoological institutions in South America: four males
and five females. The Geoffroy’s cat is distributed in zoos in Europe, South America, and a
few institutions in North America, totalling 32 institutions and 69 individuals, 31 males and

38 females. The zoos that house the 22 individuals (12 males and 10 females) of the Southern
1
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tiger cat are on the European and South American continents, concentrated in six zoological
institutions. Thirty-seven zoos keep the species Margay, totalling 91 specimens, 39 males and
56 females. The Northern tiger cat is kept in institutions in Europe and North America,

totalling 11 zoos and 37 individuals, 13 males and 24 females.

There has been a trend towards stability in the population of jaguars in captivity, with the
population fluctuating around 400 individuals over the last 19 years, as well as in the number
of institutions keeping this species, varying around 150 institutions over the last 19 years
(Figure 5a). For the jaguarundi there was a decline in the number of animals in zoos in the
2000s, followed by a stabilisation of around 80 individuals in the last decade, while the

number of zoos keeping this species has been stable at around 30 institutions (Figure 5b).

For the species Margay, there has been a trend towards an increase in the population and the
number of keeping institutions over the last 19 years, with the population almost reaching 100
individuals by 2023 and the number of institutions reaching 40 (Figure 5c). For the Northern
tiger cat, however, the number of institutions has stabilised at around 10, and the population
kept under human care has declined in recent years, falling by half in the last decade (Figure

5d).

The Southern tiger cat population has grown considerably in the last decade, from less than
five individuals to almost 25, as has the number of zoological institutions, which has also
shown growth in recent years, albeit modestly (Figure Se). For the species Geoffroy’s cat, the
captive population and the number of zoos has slightly increased in recent years (Figure 5f).
Finally, the captive populations of the Pampas cat have fluctuated around 10 individuals in
the last two decades, but the population has declined in the last five years; the number of

keeping institutions has fluctuated around three (Figure 5g).
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Fig. 5 Population dynamics of the seven threatened Brazilian wild cats in zoos over the last
19 years (2004 to 2023) (brown), along with the number of keeping institutions (blue),
number of births (green), and number of deaths (red). A) jaguar Panthera onca; B) jaguarundi
Herpailurus yagouaroundi; C) Margay Leopardus wiedii; D) Northern tiger cat Leopardus
tigrinus; E) Southern tiger cat Leopardus guttulus; F) Geoffroy’s cat Leopardus geoffroyi; G)

Pampas cat Leopardus colocolo.
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The age pyramids of the jaguar (Figure 6a) and the margay (Figure 6b) show more individuals
at the base, which suggests captive population growth over the next years. The age pyramids
of the Southern tiger cat (Figure 6¢) and Geoffroy’s cat (Figure 6d) show few individuals at
the base of the pyramid or a homogeneous distribution of ages at the base and middle of the
pyramid, respectively. These configurations may also indicate future growth for the Southern

tiger cat and stabilisation for Geoffroy’s cat.
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Fig. 6 Age pyramids of threatened Brazilian wild cat species kept in zoos around the world:
(A) jaguar (Panthera onca); (B) Margay (Leopardus wiedii); (C) Southern tiger cat

(Leopardus guttulus), (D) Geoffory’s cat (Leopardus geoffroyi).

On the other hand, the age pyramids of the Pampas cat (Figure 7a), the Northern tiger cat
(Figure 7b), and the jaguarundi (Figure 7c) suggest a future captive population decline, as the
smallest number of individuals is at the base of the pyramids or the number of individuals at

each age is random.
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Fig. 7 Age pyramids of threatened Brazilian wild cat species kept in zoos around the world:
(A) Pampas cat (Leopardus colocolo); (B) Northern tiger cat (Leopardus tigrinus); (C)

jaguarundi (Herpailurus yagouaroundi).

Since 1975, the number of births has varied, but all species have bred in captivity (Table 2).
The highest number of births was observed for the jaguar (P. onca: 330), while the lowest
was observed for the Pampas cat (L. colocolo: 5) (Table 2). Only Southern tiger cat has a
sexual ratio skewed towards males, with all other species showing a sexual ratio skewed

towards females (Table 2).

Insert Table 2 here

Considering all assessed species of wild cats collectively, both the number of males (F = 6.65,
p <0.001, DF = 7) and females (F =2.14, p = 0.04, DF = 7) exerted influence on reproductive
success in captivity. At the same time, the geographical regions of the zoos where they are

kept did not show a significant effect (F = 1.47, p = 0.21, DF =4). Only for the jaguarundi,
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the geographical region also influenced the number of births, with more births occurring in

Europe than on other continents (F = 6.92, p = 0.002, DF = 4).

Higher birth rates were observed when captive populations comprised five females and three
males. When the species were analysed separately, the number of males and females
influenced the number of births only for the jaguar (male: F =9.94, p <0.001, DF = 6;
female: F =5.46, p <0.001, DF = 6) and jaguarundi (male: F = 18.75, p <0.001, DF = 4;
female: F =2.83, p = 0.05, DF = 4). For the jaguar, in zoos with three males and five females,
there was a higher number of births, whereas, for the jaguarundi, two males and two females

resulted in more births.

4. Discussion

We hypothesised that zoos could contribute to the conservation of endangered Brazilian wild
cats by maintaining reproductively active populations, showing growth in the number of
individuals over time, and with age pyramids indicative of growth. Our findings revealed that
all seven species are housed in zoos worldwide and reproduce ex-situ. The populations kept in
captivity show a decline only for the Northern tiger cat and for the Pampas cat and an increase
only for the Margay and the Southern tiger cat. The remaining species exhibited stable
population sizes. The sex ratio skewed towards females for most species, particularly
individuals of reproductive age. The exception was the southern tiger cat, which exhibited a
male-biased sex ratio. The age pyramids suggested future population growth only for the
jaguar, Southern tiger cat, Geoffroy’s cat, and Margay. Therefore, this hypothesis was

partially corroborated.

Our second hypothesis explored the influence of the geographic location of the zoo and the
number of males and females on birth rates. We predicted that more births would occur in
South America, the native range of the species, and for species with larger populations. This
hypothesis was partially rejected. Geographic location only influenced jaguarundi birth rates,

with the highest number of births occurring in Europe. Similarly, the number of males and
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females only influenced birth rates for jaguars and jaguarundis, with more offspring produced

when both sexes had at least two individuals present.

The final hypothesis suggested that the number of published studies would be higher for
larger and more charismatic wild cat species (jaguar and jaguarundi). This hypothesis was
supported, as most published articles addressed these species. The margay was also
extensively studied, reaching similar levels as the jaguarundi. Furthermore, the hypothesis
that the number of studies would increase over time was supported. A substantial rise in
publications focusing on all seven wild cat species was observed, particularly from the year

2000 onwards.

Most studies retrieved from bibliographic search platforms were obtained for the jaguar. The
species with the fewest studies were the Pampas cat and the Southern tiger cat. This finding
highlights a common trend in research and conservation where charismatic species often
receive more attention and resources due to their popularity among the public (Verissimo et
al. 2012; Thornton et al. 2016). The jaguar is maintained in zoos worldwide due to its
magnificence and visual appeal (Rueda-Zozaya et al. 2016). The captive environment
facilitates studies on behaviour, health, and reproduction, contributing to a more

comprehensive understanding of their biology (Gonzalez et al. 2017).

Beyond charisma, a species' ecological significance also influences the research focus
(Kantek et al. 2021). The jaguar is a keystone species in many ecosystems, playing a crucial
role in prey population control and maintaining ecological balance (Paviolo et al. 2016). This
pivotal role likely motivates research into their impact on food webs (Duarte et al. 2023).
Despite its wide distribution, the jaguar faces significant threats such as habitat loss, human
conflicts, and illegal hunting (Bogoni et al., 2023). These threats further drive research efforts
to understand and mitigate these challenges, ultimately informing effective conservation

strategies (Torres-Romero et al., 2023).



355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

In contrast, less charismatic species, such as those in the Leopardus genus, are often
overlooked. Existing studies on these species focus on their physiology, distribution, and
ecology. This low quantity of articles may be attributed to smaller species, such as the
Northern tiger cat and the Southern tiger cat, which are less charismatic compared to bigger
felines. This “charisma gap” may influence the allocation of resources for research and
conservation, ultimately affecting public perception and scientific interest (Galvez et al.

2023).

Furthermore, some Leopardus species have more restricted geographical distributions and
secretive lives, which may limit field research opportunities and reduce their presence in zoos.
The rarity of these species makes it challenging to observe them in their natural habitat,
hindering field studies and data collection. Similarly, their low frequency in zoos reduces
opportunities for captive studies, further limiting visibility and researcher access to these
species (Vanderhoff et al. 2011; Silva et al. 2021). Most studies have focused on
physiological aspects, primarily involving blood parameters, hormones, neuroscience,
anatomy, and clinical examinations. Exceptions were observed in the case of the margay and
Southern tiger cat, where studies on their distribution were most frequent. This predominance
can be explained by these species' reduced population sizes in the wild (Gongalves 2023;

DeMatteo et al. 2023).

The scientometric analysis also identified a lack of studies focused on behaviour, reproduction,
and genetics for all species. These topics are notoriously challenging to investigate in the wild,
often requiring long-term observation or animal capture for biological sampling. Zoos can play
a crucial role in addressing these knowledge gaps. Behavioural field studies of primarily
nocturnal, solitary and secretive animals can be extremely difficult, thus zoos provide an
extraordinary opportunity to increase our understanding of the behaviour of such species

(Songsasen and Rodden, 2010).
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Researchers from Brazil, Mexico, and the United States stood out, with approximately 47% of
studies on threatened Brazilian wild cats conducted in Brazil. This predominance can be
attributed to the geographical distribution of the species, which predominantly occur within
Brazilian territory (Pro-Carnivoros 2024). Mexico, the second country with the most studies
(12.26%), also plays an important role in feline research. Mexico's position can also be
influenced by the richness of felines in the country (Santos 2019). Although the United States
contributes a smaller percentage of studies (8.22%), it still represents a significant portion.
This participation can be attributed to research conducted by Brazilians in academic and
conservation institutions in the United States and to the ongoing interest in the conservation

of threatened species that occur outside their territory (Nora and Franco 2018; Main 2022).

Our results showed that most of the threatened Brazilian wild cats are found in zoos in
countries outside the species' natural range, such as the United States and France. This
concentration in European and North American zoos can be explained by developed countries
having more zoos registered in ZIMS, while underdeveloped countries, such as those in South
America, have fewer zoos registered in the platform. Only about 12% of zoological
institutions worldwide are registered in ZIMS (SPECIES360 2024); 153 institutions maintain
at least one threatened Brazilian wild cat species. Thus, it would be important to have as
many possible Institutions registered in ZIMS because this would allow us to draw a better

picture of the captivity populations of the species.

The jaguar is found in various zoological institutions, possibly due to global efforts to educate
the public about the importance of conserving these felines and their natural habitats.
Additionally, the jaguar's widespread zoo representation may indicate international
collaboration in conservation breeding programs, a strategy to ensure long-term species
survival. On the other hand, the rarity of Pampa’s cat and Southern tiger cat in zoos raises
significant questions about the factors that may contribute to this disparity, such as the rarity
of these species in the wild. Lesser-known or less charismatic species generally receive less

attention and resources for zoo research and exhibition (Holmes et al. 2022; Prokop et al.
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2023). Furthermore, some less-studied felids may face specific challenges adapting to
captivity, potentially influencing zoo decisions regarding acquisition based on well-being

considerations (Kleiman et al., 2010).

In contrast, the frequent presence of margays and Geoffroy's cats in zoos likely results from
their abundance in the wild and public appeal. Furthermore, the available biological
information facilitates their maintenance and adaptation to captivity. Zoos can significantly
contribute to the conservation of these species through breeding programs, education

initiatives, and reintroductions.

Analysis of captive populations of threatened Brazilian wild cats reveals a trend towards
stabilisation, with some species showing a strong increase. Focusing on reproductive age and
sex ratio reveals a female-biased population structure for most species, with a high proportion
of individuals of reproductive age, suggesting a long-term maintenance of populations in
zoos. However, for the Southern tiger cat, the absence of individuals of reproductive age for
both sexes is a substantial concern, pointing to additional challenges in conserving this

species.

The fact that ZIMS shows that all species have bred in captivity is of great importance for the
study and future conservation of these species. The captive environment can facilitate
reproductive studies by not only providing access to these species but also due to easier
acquisition of biological samples (blood, semen, faeces). Research on reproductive
physiology, semen collection, and cryopreservation techniques has been conducted on species
like jaguars but needs to be expanded to other non-charismatic species (Swanson et al., 2003).
These studies can help establish normative reproductive parameters and develop assisted

reproduction techniques such as artificial insemination and in vitro fertilization.

Assisted reproduction presents a potential solution for Southern tiger cat and other species
with limited population viability based on age pyramids (Bianchi et al., 2022). A

comprehensive strategy to enhance reproductive rates in captive felines has already been
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published, and highlights the importance of non-surgical approaches, such as transvaginal
artificial insemination (AI) (Tsutsui 2006). Cryopreservation is a reality and should also be
adopted as an ex-situ conservation strategy (Zahmel et al. 2022). However, a central obstacle
lies in the limited knowledge about these species' behaviour and physiology. Reliable data on
reproductive seasonality, oestrous cycles, ovarian sensitivity, maturity, reproductive
senescence, and ovulation timing is critical for the success of assisted reproduction efforts

(Swanson, 2022).

Zoos can further contribute to conservation by implementing naturalistic enclosures,
developing environmental enrichment programs, and conducting continuous research on each
species' biology (Jewgenow and Songsasen, 2014). These efforts can improve reproduction,
health, and adaptability in captivity, potentially facilitating future reintroductions in the wild

(Swanson 2022).

These suggestions emphasize the importance of a multifaceted approach, encompassing
assisted reproduction techniques, careful animal selection, and management practices that
promote an environment conducive to reproduction and well-being (Brando and Norman
2023). The coordinated implementation of these strategies can significantly contribute to
increased reproduction and, consequently, successful conservation of these felids (Tuite et al.

2022; Ogle and DeSmet 2023).

5. Conclusions

In conclusion, the results showed that there are still many gaps in the knowledge about
endangered Brazilian wild cat species. In this regard, there is a lack of studies on the factors
influencing the reproductive success of species in captivity, especially Southern tiger cat and
Pampas cat, species that are sparsely represented in zoos. Behavioural, genetic, and
reproductive studies are still underdeveloped, and zoos can play an important role in filling
these gaps. The performance of a scientometric review, combined with the analysis of data

contained in the ZIMS platform, provided a global overview of the status quo regarding the
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seven threatened Brazilian wild cat species. The effective contribution of zoos to wild cat
conservation may be debatable, as for some species, the populations maintained are either
very small or consist of individuals unfit for reproduction. In contrast, for others, populations
are stable and exhibit age pyramids indicative of future population growth. The analysis of
these two sources of information (publication trends and captive population dynamics) proved
to be important in highlighting how studies emphasize certain areas of knowledge to the
detriment of others and how zoological institutions maintain populations of certain species
that are more likely to be maintained in the long term than others. Interestingly, few studies
have been published on individuals kept in captivity, even though the gaps in the scientific
literature could be filled with data from these individuals. Thus, the joint evaluation of these
two sources of information can guide future studies, intensifying and improving conservation
actions for endangered Brazilian feline species. Hence, the importance of a broad and
equitable approach to promoting the conservation of all threatened Brazilian wild cat species
is emphasized, with partnerships between institutions and researchers to increase knowledge

about the species' biology, facilitating suggested conservation actions.

Declarations

Funding: This research did not receive a specific grant from funding agencies in the public,

commercial, or not-for-profit sectors.

Conflicts of interest/Competing interests: Authors declare no conflict of interest.

Ethics approval: The Animal Ethics Committee of the Federal University of Ouro Preto does

not need to approve this study.

Consent to participate: Not applicable, since there were no interviews or participation of

citizens.

Consent for publication: All authors agreed with the content of the paper and with the

publication in the journal.



484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

Availability of data and material: all data is available at: Sales, Maria Lucia; Passos, Luiza;
Pires, Maria Rita; Azevedo, Cristiano (2024), “Brazilian felines at risk: a scientometric
evaluation and the role of zoos in the maintenance and reproduction of threatened species”,

Mendeley Data, V1, doi: 10.17632/tmpcjjjypr.1

Code availability: Not applicable.

Authors’ contributions:

Maria Lucia Simao Pires: Conceptualization, Methodology, Data collection, Visualization,

Data Analysis, Writing — original draft, reviewing, and editing.

Maria Rita Silvério Pires: Conceptualization, Methodology, Data collection, Visualization,

Data Analysis, Writing — original draft, reviewing, and editing.

Luiza Figueiredo Passos: Conceptualization, Methodology, Visualization, Data Analysis,

Writing — original draft, reviewing, and editing.

Cristiano Schetini de Azevedo: Supervision, Conceptualization, Methodology, Writing —

original draft, reviewing, and editing.

Declaration of Generative Al and Al-assisted technologies in the writing process
Statement: During the preparation of this work, the author(s) used DeepL., Grammarly, and
ChatGPT to translate and improve the language of the paper. After using this tool/service, the
author(s) reviewed and edited the content as needed and take(s) full responsibility for the

content of the publication.

Acknowledgments

The authors would like to thank the staff of Belo Horizonte Zoo, Humberto Espirito Santo de
Mello, and Erica Fernandes Cipreste, for their help in the ZIMS analysis. Also, to Dr. Robert

John Young for English revision and FAPEMIG for Maria Lucia Sim&o Sales's scholarship.



507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

6. References

Antonio De La Torre J, Gonzalez-Maya JF, Zarza H, et al (2018) The jaguar’s spots are
darker than they appear: Assessing the global conservation status of the jaguar

Panthera onca. ORYX 52:300-315. https://doi.org/10.1017/S0030605316001046

Bates D, Machler M, Bolker BM, Walker SC (2015) Fitting linear mixed-effects models

using Ime4. J Stat Softw 67:. https://doi.org/10.18637/jss.v067.101

Brando S, Norman M (2023) Handling and training of wild animals: evidence and
ethics-based approaches and best practices in the modern zoo. Animals 13:2247.

https://doi.org/10.3390/ani13142247

Cohn JP (2006) New at the zoo: ZIMS. Bioscience 56:564—566

Conde DA, Flesness N, Colchero F, et al (2011) An emerging role of zoos to conserve
biodiversity. Science (1979) 331:1390-1391.

https://doi.org/10.1126/science.1200674

Corcoran W, Fisher B (2022) Life with big cats: local perceptions of big cat species.

Anim Conserv 25:467—-479. https://doi.org/10.1111/acv.12756

Crooks KR (2002) Relative sensitivities of mammalian carnivores to habitat

fragmentation. Biology (Basel) 16:488-502

da Silva LG, de Oliveira TG, Kasper CB, et al (2016) Biogeography of polymorphic
phenotypes: Mapping and ecological modelling of coat colour variants in an
elusive Neotropical cat, the jaguarundi (Puma yagouaroundi). J Zool 299:295-303.

https://doi.org/10.1111/jz0.12358

da Silva Santos AS, Trigo TC, de Oliveira TG, et al (2018) Phylogeographic analyses of

the pampas cat (Leopardus colocola; Carnivora, Felidae) reveal a complex



530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

552

553

554

demographic history. Genet Mol Biol 41:273-287. https://doi.org/10.1590/1678-

4685-gmb-2017-0079

de Oliveira TG, Lima BC, Fox-Rosales L, et al (2020) A refined population and
conservation assessment of the elusive and endangered northern tiger cat

(Leopardus tigrinus) in its key worldwide conservation area in Brazil. Glob Ecol

Conserv 22:¢00927. https://doi.org/10.1016/j.gecco.2020.¢00927

DeMatteo KE, Escalante OM, Ibafiez Alegre DM, et al (2023) A multispecies corridor
in a fragmented landscape: Evaluating effectiveness and identifying high-priority
target areas. PLoS One 18:¢0283258.

https://doi.org/10.1371/journal.pone.0283258

Duarte HOB, Carvalho WD, de Toledo JJ, Rosalino LM (2023) Big cats like water:
occupancy patterns of jaguar in a unique and insular Brazilian Amazon ecosystem.

Mamm Res 68:263-271. https://doi.org/10.1007/s13364-023-00681-7

Ducarme F, Luque GM, Courchamp F (2013) What are “charismatic species” for

conservation biologists? BioSciences Master Reviews 1-8

Espinosa CC, Trigo TC, Tirelli FP, et al (2018) Geographic distribution modeling of the
margay (Leopardus wiedii) and jaguarundi (Puma yagouaroundi): A comparative

assessment. ] Mammal 99:252-262. https://doi.org/10.1093/jmammal/gyx 152

Farquharson KA, Hogg CJ, Grueber CE (2021) Offspring survival changes over
generations of captive breeding. Nat Commun 12:3045.

https://doi.org/10.1038/s41467-021-22631-0

Galvez N, Infante-Varela J, de Oliveira TG, et al (2023) Small wild felids of South
America: a review of studies, conservation threats, and research needs. In:
Mandujano S, Naranjo EJ, Andrade Ponce GP (eds) Neotropical Mammals, 1st

edn. Springer International Publishing, Cham, pp 13-41



555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574

575

576

577

578

579

Gongalves ALS (2023) Ecologia dos gatos-maracajas (Leopardus wiedii) e questdes de
conservagdo na Amazonia: fatores de impacto, uso do habitat, atividade e relagoes
interespecificas na perspectiva da ecologia do medo. PhD, Instituto Nacional de

Pesquisas da Amazonia

Gonzalez SJ, Howard JG, Brown J, et al (2017) Reproductive analysis of male and
female captive jaguars (Panthera onca) in a Colombian zoological park.

Theriogenology 89:192-200. https://doi.org/10.1016/j.theriogenology.2016.09.049

Holmes B, Strzelecki A, Springer S, Zieger M (2022) Google Trends data reveal a sharp
trend: teeth and claws attract more interest than feathers, hooves or fins. Environ

Conserv 49:65-73. https://doi.org/10.1017/S037689292200011X

Horn PE, Pereira MJR, Trigo TC, et al (2020) Margay (Leopardus wiedii) in the
southernmost Atlantic Forest: Density and activity patterns under different levels
of anthropogenic disturbance. PLoS One 15:¢0232013.

https://doi.org/10.1371/journal.pone.0232013

Inskip C, Zimmermann A (2009) Human-felid conflict: A review of patterns and
priorities worldwide. ORYX 43:18-34.

https://doi.org/10.1017/S003060530899030X

IUCN (2024) The IUCN Red List of Threatened Species. Version 2024-1. In:

https://www.iucnredlist.org.

Kantek DLZ, Trinca CS, Tortato F, et al (2021) Jaguars from the Brazilian Pantanal:
Low genetic structure, male-biased dispersal, and implications for long-term
conservation. Biol Conserv 259:109153.

https://doi.org/10.1016/j.biocon.2021.109153

Lucherini M, Reppucci JI, Walker RS, et al (2009) Activity pattern segregation of

carnivores in the high Andes. ] Mammal 90:1404—-1409



580

581

582

583

584

585

586

587

588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

Main D (2022) Por que o muro na fronteira dos EUA ¢ um problema para as ongas-

pintadas? Natl Geogr Mag

Maple TL, Perdue BM (2013) Environmental Enrichment. In: Zoo Animal Welfare, 1st

edn. Springer-Verlag, Berlin, pp 95-117

Marinho PHD, Rosas-Ribeiro PF, Fernandes-Ferreira H, de Oliveira TG (2024) A new
record of margay Leopardus wiedii (Schinz, 1821) in the Brazilian Caatinga

domain. Notas sobre Mamiferos Sudamericanos 8:2—8

Marris E (2013) Charismatic mammals can help guide conservation. Nature 504:14396.

https://doi.org/10.1038/nature.2013.14396

Menezes JFS, Tortato FR, Oliveira-Santos LGR, et al (2021) Deforestation, fires, and
lack of governance are displacing thousands of jaguars in Brazilian Amazon.

Conserv Sci Pract 3:e477. https://doi.org/10.1111/csp2.477

Ministério do Meio Ambiente (2022) PORTARIA MMA N° 148, DE 7 DE JUNHO DE

2022. Ministério do Meio Ambiente 1-116

Morato RG, Rodrigues FHG, Eizirik E, et al (2006) Manejo e Conservagao de

Carnivoros Neotropicais. Sdo Paulo

Nora FP de M, Franco JLDA (2018) A Histéria do Conceito de Conservagéo e o Caso
da Onga-Pintada no Brasil. Journal of Social, Technological and Environmental

Science 7:295-315. https://doi.org/10.21664/2238-8869.2018v7i3.p295-315

Ogle B, DeSmet A (2023) The perception of felid welfare by zookeepers in North
America and the implications for zoo managers. Zoo Biol 42:651-660.

https://doi.org/10.1002/z00.21768

Oliveira TG (2006) Small wild felids of South America: a review of studies,

conservation threats, and research needs. In: Morato RG, Rodrigues FHG, Eizirik



604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

E, et al. (eds) Manejo e Conservacgao de Carnivoros Neotropicais, 1st edn.

Ministério do Meio Ambiente, Sdo Paulo, pp 3945

Pardini R, Ditt EH, Cullen Jr. L, et al (2006) Levantamento rapido de mamiferos
terrestres de médio e grande porte. In: Cullen Jr L, Rudran R, Valladares-Padua C
(eds) Métodos de estudos em biologia da conservagido e manejo da vida silvestre,

I1st edn. Editora da UFPR, Curitiba, pp 181-201

Paviolo A, De Angelo C, Ferraz KMPMB, et al (2016) A biodiversity hotspot losing its
top predator: The challenge of jaguar conservation in the Atlantic Forest of South

America. Sci Rep 6:37147. https://doi.org/10.1038/srep37147

Pro-Carnivoros (2024) Felidae. In: https://procarnivoros.org.br/especies/felideos/

Prokop P, Masarovic¢ R, Hajduchova S, et al (2022) Prioritisation of Charismatic
Animals in Major Conservation Journals Measured by the Altmetric Attention

Score. Sustainability 14:17029. https://doi.org/10.3390/su142417029

Prokop P, Zvarikova M, Zvarik M, et al (2023) Charismatic species should be large: The
role of admiration and fear. People and Nature online first:1-13.

https://doi.org/10.1002/pan3.10504

R Core Team (2023) R: A language and environment for statistical computing. R

Foundation for Statistical Computing, Vienna

Rabinowitz A, Zeller KA (2010) A range-wide model of landscape connectivity and
conservation for the jaguar, Panthera onca. Biol Conserv 143:939-945,

https://doi.org/10.1016/j.biocon.2010.01.002

Ripple W, Estes JA, Beschta RL, et al (2014) Status and ecological effects of the
world’s largest carnivores. Science (1979) 343:1241484.

https://doi.org/10.1126/science. 1241484



628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

651

Rueda-Zozaya P, Mendoza-Martinez GD, Martinez-Gémez D, et al (2016) Genetic
variability and structure of jaguar (Panthera onca) in Mexican zoos. Genetica

144:59—-69. https://doi.org/10.1007/s10709-015-9878-6

Salom-Pérez R, Carrillo E, Sédenz JC, Mora JM (2007) Critical condition of the jaguar
Panthera onca population in Corcovado National Park, Costa Rica. ORYX 41:51—

56. https://doi.org/10.1017/S0030605307001615

Santos FS (2019) Padroes de diversidade, ocupacdo e coexisténcia de mamiferos

terrestres na regido Neotropical. Masters, Universidade Federal do Para

Silva BS, Vargas SP, Sapaj-Aguilera G, Riffo RP (2021) New records of the Andean cat
in central Chile—a challenge for conservation. Oryx 55:331-331.

https://doi.org/10.1017/S0030605321000181

Silveira L, Jacomo ATA, Diniz-Filho JAF (2003) Camera trap, line transect census and
track surveys: A comparative evaluation. Biol Conserv 114:351-355.

https://doi.org/10.1016/S0006-3207(03)00063-6

Skibins JC, Dunstan E, Pahlow K (2017) Exploring the Influence of Charismatic
Characteristics on Flagship Outcomes in Zoo Visitors. Human Dimensions of

Wildlife 22:157-171. https://doi.org/10.1080/10871209.2016.1276233

Skibins JC, Powell RB (2013) Conservation caring: Measuring the influence of zoo
visitors’ connection to wildlife on pro-conservation behaviors. Zoo Biol 32:528—

540. https://doi.org/10.1002/200.21086

SPECIES360 (2024) Global information serving conservation. In:

https://species360.org/

Species360 Zoological Information Management System (ZIMS) (2024) Species360

Zoological Information Management System (ZIMS). In: zims.Species360.org.



652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

674

675

Sunquist ME, Sunquist FC (2009) Family Felidae. In: Wilson DE, Mittermeier RA (eds)
Handbook of the Mammals of the World, 1st edn. Lynx Editions, Barcelona, pp

54-168

Swanson WF (2022) The challenge of assisted reproduction for conservation of wild

felids-a reality check. Theriogenology 197:133—138

Thompson JJ, Morato RG, Niebuhr BB, et al (2021) Environmental and anthropogenic
factors synergistically affect space use of jaguars. Current Biology 31:3457-

3466.e4. https://doi.org/10.1016/j.cub.2021.06.029

Thornton D, Zeller K, Rondinini C, et al (2016) Assessing the umbrella value of a
range-wide conservation network for jaguars ( Panthera onca ). Ecological

Applications 26:1112—1124. https://doi.org/10.1890/15-0602

Tirelli FP, Trigo TC, Trinca CS, et al (2018) Spatial organization and social dynamics of
geoffroy’s cat in the Brazilian pampas. ] Mammal 99:859—873.

https://doi.org/10.1093/jmammal/gyy064

Tofoli CF, Rohe F, Setz E (2009) Jaguarundi (Puma yagouaroundi) (Geoffroy, 1803)
(Carnivora, Felidae) food habits in a mosaic of Atlantic Rainforest and eucalypt
plantations of southeastern Brazil Habitos alimentares do jaguarundi (Puma
yagouaroundi) (Carnivora, Felidae) em mosaico de Floresta Atlantica e
reflorestamento de eucalipto no sudeste do Brasil Resumo. Brazilian Journal of

Biology 69:871-877

Tortato FR, Hoogesteijn R, Devlin AL, et al (2021) Reconciling biome-wide
conservation of an apex carnivore with land-use economics in the increasingly
threatened Pantanal wetlands. Sci Rep 11:22808. https://doi.org/10.1038/s41598-

021-02142-0



676 Tsutsui T (2006) Artificial insemination in domestic cats (Felis catus). Theriogenology

677 66:122—-125. https://doi.org/10.1016/j.theriogenology.2006.03.015

678 Tuite EK, Moss SA, Phillips CJ, Ward SJ (2022) Why are enrichment practices in zoos
679 difficult to implement effectively? Animals 12:554.

680 https://doi.org/10.3390/ani12050554

681 Vanderhoff EN, Arbogast B, Nilsson J, Knowles TW (2011) Abundance and activity
682 patterns of the margay (Leopardus wiedii) at a mid-elevation site in the eastern
683 Andes of Ecuador. Mastozool Neotrop 18:271-279

684 Verissimo D, Jones DA, Chaverri R, Meyer SR (2012) Jaguar Panthera onca predation
685 of marine turtles: Conflict between flagship species in Tortuguero, Costa Rica.
686 ORYX 46:340-347. https://doi.org/10.1017/S0030605311001487

687 Vincze O, Colchero F, Lemaitre JF, et al (2022) Cancer risk across mammals. Nature
688 601:263-267. https://doi.org/10.1038/s41586-021-04224-5

689 Walker RS, Novaro ASJ, Perovic P, et al (2007) Diets of three species of Andean

690 carnivores in high-altitude deserts of Argentina. ] Mammal 88:519-525

691 Woodroffe R (2000) Predators and people: using human densities to interpret declines of
692 large carnivores. Anim Conserv 3:165-173

693 Yasuda M (2004) Monitoring diversity and abundance of mammals with camera traps: a
694 case study on Mount Tsukuba, central Japan. Mammal Study 29:37-46

695 Zahmel J, Skalborg Simonsen K, Stagegaard J, et al (2022) Current state of in vitro
696 embryo production in African lion (Panthera leo). Animals 12:1424.

697 https://doi.org/10.3390/anil12111424

698

699



700

701

702

703

704

Table 1: Characteristics of the vulnerable Brazilian wild cat species, with information about

their distribution (wide: North, Central and South America; Partial southern: only in South

America; Partial northern: Central and South America) and body weight (Ministério do Meio

Ambiente, 2022; Sunquist and Sunquist, 2009).

Species Common name Body Weight  Distribution
Herpailurus yagouaroundi Jaguarundi 3-9Kg Wide
(Geoffroy, 1803)

Leopardus colocolo (Molina, 1782) Pampas cat 3-4 kg Partial southern
Leopardus geoffroyi (d’Orbigny & Geoffroy’s cat 3-8 Kg Partial southern
Gervais, 1844)

Leopardus guttulus (Hensel, 1879)  Southern tiger cat 2-4Kg Partial southern
Leopardus tigrinus (Schreber, Northern tiger cat 1-4 Kg Partial northern
1775)

Leopardus wiedii (Schinz, 1821) Margay 2-5Kg Wide
Panthera onca (Linnaeus, 1758) Jaguar 35-158 Kg Wide
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Table 2. Total number of males and females, sex ratio, and total number of males and females

born from 1975 to 2023 for all seven species of threatened Brazilian wild cats kept in zoos

around the world.

Species N° N° Sexual Captive Captive born
male  female ratio born males  females

Panthera onca 205 210 98 165 165

Herpailurus 31 42 74 24 28

yagouaroundi

Leopardus colocolo 4 6 67 2 3

Leopardus geoffroyi 30 36 83 24 34

Leopardus guttulus 17 13 131 6 5

Leopardus tigrinus 7 21 33 5 9

Leopardus wiedii 41 54 76 29 33




710  Supplementary Material 1: Results of the generalised linear mixed model (GLMM)
711  analyses to test the effect of the explanatory variable (type of study) on the response variable

712 (number of papers), using year as a random variable. DF = degrees of freedom.

713

Species Response Explanatory Distribution DF Deviance p-Value
variable variable

Panthera onca  Number of  Type of study Poisson 13 1052.5 2.2e-16
papers

Herpailurus Number of  Type of study Poisson 13 34991 1.24e-11
papers

yagouaroundi

Leopardus Number of  Type of study Poisson 13 176.24 3.035¢-07
papers

colocolo

Leopardus Number of  Type of study Poisson 13 354.76 7.291e-12
papers

geoffroyi

Leopardus Number of  Type of study Poisson 13 155.09 0.0004222
papers

guttulus

Leopardus Number of  Type of study Poisson 13 402.75 2.2e-16
papers

tigrinus

Leopardus Number of  Type of study Poisson 13 405.31 2.304e-16
papers

wiedii




