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Abstract

This study provides an overview of the scientific literature and zoo distribution data
for three threatened canid species in Brazil: the short-eared dog (Atelocynus microtis),
the hoary fox (Lycalopex vetulus), and the bush dog (Speothos venaticus), for which
the extent of knowledge on biology, ecology, and ex-situ management remains
unclear, highlighting the need for systematic evaluation. A scientometric analysis

of articles published between 1975 and 2023 was combined with an assessment

of Zoological Information Management System (ZIMS) data on ex-situ populations.
A total of 433 articles were identified, of which 168 were selected. Because some
studies included more than one species, species-specific counts were not mutually
exclusive and comprised 16 articles on the short-eared dog (Atelocynus microtis), 47
on the hoary fox (Lycalopex vetulus), and 105 on the bush dog (Speothos venaticus).
Scientific production began in 1981 and increased steadily over time, with the bush
dog being the most studied species and the short-eared dog the least. The short-
eared dog was not represented in the ZIMS database. Most studies were conducted
in-situ (116; 61.38%), followed by ex-situ (60; 31.74%), with only two combining both
approaches (1.06%). Research spanned 13 areas, with parasitology (31; 18.45%) and
conservation (28; 16.67%) being the most represented. Despite advances, including
reproductive and behavioural studies in captivity, knowledge remains uneven across
aspects of biology, ecology, and behaviour, particularly in integrating ex-situ and
in-situ information. These limitations may hinder the refinement of management
and conservation strategies. This study highlights the need for targeted research
that combines field-based studies and strategically designed ex-situ investigations to
strengthen conservation planning.
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1 Introduction

The family Canidae (Mammalia, Carnivora) comprises 36 living species, including
domestic dogs, wolves, jackals, coyotes, and foxes, of which five are classified as Endan-
gered or Critically Endangered in the global IUCN Red List, which provides worldwide
conservation status assessments [1]. In Brazil, six canid species occur, occupying a wide
range of habitats, including the Cerrado, Amazon, Pampas, and transitional and frag-
mented landscapes [1-6]. Four of these species, the maned wolf (Chrysocyon brachy-
urus), the short-eared dog (Atelocynus microtis), the bush dog (Speothos venaticus), and
the hoary fox (Lycalopex vetulus), are classified as Vulnerable (VU) at the national level
[7]. Across these species, major threats include habitat loss due to agricultural expan-
sion, urbanisation and road development, as well as the spread of diseases associated
with domestic animals [7-10].

Despite shared conservation challenges, scientific knowledge is unevenly distributed
among Brazilian canids. A substantial body of research is available for the maned wolf,
including comprehensive reviews across multiple areas of knowledge [11-13], whereas
the remaining species have received comparatively less attention [1, 2, 14]. Within this
context, the present study focuses on the short-eared dog, the hoary fox, and the bush
dog, species of conservation concern for which available information remains limited.
By synthesising existing knowledge on these three species, this study aims to advance
understanding of their biology, ecology, and management, supporting improvements in
ex-situ conservation practices and guiding future in-situ and ex-situ research to address
current knowledge gaps.

Analysing the progress of scientific production on species of conservation concern
can provide a quantitative overview that helps guide conservation efforts [15-17]. This
can be achieved through scientometric approaches, which encompass bibliometric and
network-based analyses of scientific literature, including co-authorship patterns and
research topic mapping [18, 19]. These methods rely on databases and indexing plat-
forms such as Scopus, Web of Science, or Google Scholar, and allow the identification
of research trends, collaborations among research groups, and knowledge gaps within
a given field [18, 19]. In this context, scientometric studies are valuable for guiding
research priorities by revealing how scientific output is distributed across different top-
ics and identifying underexplored areas. Accordingly, efforts to synthesise information
on the conservation status, distribution, and threats to canid species span multiple disci-
plines, including taxonomy, morphology, evolution, population ecology, behaviour, dis-
eases, and parasitology.

As populations decline, ex-situ conservation can become an important component
of strategies to prevent species extinction. Zoos contribute to conservation in multiple
ways, including maintaining assurance populations, supporting coordinated breed-
ing programs, and acting as genetic reservoirs for threatened species [20-22]. In addi-
tion, they play important roles in education, public awareness, and the implementation
of conservation initiatives, thereby supporting both in-situ and ex-situ efforts. Animals
born and maintained under human care may also contribute to reintroduction or rein-
forcement programs, increasing or restoring wild populations through carefully planned
translocations [23, 24]. To support these objectives, zoos participating in coordinated
management programs develop studbooks that enable genetic and demographic man-
agement of ex-situ populations, ensuring their long-term sustainability [25, 26]. Another
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key component of ex-situ conservation is the systematic collection and management of
biological and husbandry data [27-29]. This information is centralised in the Zoological
Information Management System (ZIMS), operated by Species360 [30], which compiles
records ranging from basic life-history traits to detailed veterinary and management
data across institutions worldwide [24, 31]. In this sense, ZIMS functions as a global
repository of information that supports evidence-based management of ex-situ popula-
tions [20, 29, 32]. When integrated with scientometric analyses of scientific literature,
ZIMS data provide complementary perspectives on knowledge production and popula-
tion management. While scientometric approaches identify research trends, gaps, and
collaboration patterns in published studies, ZIMS provides structured empirical data
from ex-situ populations. Together, these two sources allow for a more comprehensive
assessment of existing knowledge and highlight areas where further research and man-
agement actions are needed. In this study, we focus on canid species occurring in Brazil
due to their national conservation relevance. However, both the scientometric and ZIMS
datasets were analysed globally, reflecting the worldwide distribution of scientific knowl-
edge and ex-situ populations.

Considering that the short-eared dog, the hoary fox, and the bush dog are canid spe-
cies occurring in Brazil that are of conservation concern, this study aims to provide an
integrated assessment of their scientific knowledge and ex-situ population status by
addressing: (1) temporal trends in scientific publications; (2) differences in research
effort among species; (3) distribution of knowledge across thematic areas and species;
(4) presence and representation of these species in zoological institutions registered in
ZIMS; (5) temporal variation in ex-situ population size and composition; and (6) iden-
tification of major knowledge gaps in the available literature. In addition, the study
provides a descriptive assessment of ex-situ population structure, including changes in
population size, sex ratio, and demographic trends over time.

We hypothesise that scientific production is unevenly distributed among canid species
occurring in Brazil, with a higher research effort concentrated on the bush dog, while the
short-eared dog is expected to be the least studied species. We further predict a general
increase in scientific publications over time, with no abrupt shifts in publication trends.
We also expect ex-situ populations to differ markedly among species, with some show-
ing demographic stability or growth over time, whereas others are poorly represented or
absent from zoological records. In addition, we predict that larger ex-situ populations
will tend to be associated with higher numbers of recorded births and more consistent
demographic structures.

2 Materials and methods

2.1 Studied Brazilian canid species

The target species for this study were the short-eared dog, the hoary fox, and the bush
dog. The short-eared dog is a solitary, diurnal species, endemic to the Amazon biome
(inhabiting forests, inland wetlands and savannahs), occurring from Ecuador to Brazil
and probably extending into Peru and Colombia [2, 33], with few records over the last
30 years [34, 35]. In terms of feeding habits, the species is classified as a mesocarnivore,
with a diet that includes fruit [2, 36]. The reasons given for the population decline are
diseases transmitted by domestic dogs and habitat loss, which justify classifying the
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species as Vulnerable according to the IUCN [2, 33] and the Brazilian Red List of Threat-
ened Species [7].

The hoary fox is a small canid with a nocturnal habit and an omnivorous diet, which
includes fruit, termites, other arthropods, small mammals, birds, and reptiles [37]. It is
the only species among canids that is endemic to Brazil and endemic to the Cerrado
biome (savannah-like vegetation) [38], although an expansion of its occurrence area was
recently published [39]. The species is classified as Least Concern (LC) worldwide [1]
and as Vulnerable on the Brazilian Red List of Threatened Species [7].

The bush dog is a diurnal canid, widely distributed from Panama in Central America
to north-eastern Argentina and Paraguay, including Colombia, Venezuela, the Guianas,
Brazil, eastern Bolivia, and Peru [40]. In Brazil, they occur in the Amazon, Pantanal,
Atlantic Forest, Cerrado, and Caatinga biomes, preferably in preserved humid or ripar-
ian forests [41, 42]. They are social animals, and cooperative hunting has been reported
[43, 44]. The species’ conservation status at the international level is considered Near
Threatened [1]. However, the bush dog is classified as Vulnerable, according to the Bra-
zilian Red List of Threatened Species [7].

2.2 Scientometric data and statistical analyses

The academic articles on the three canid species were surveyed on 5 July 2023, across
three electronic bibliographic databases: Web of Science (WOS), Scopus, and PubMed.
WOS is considered the most comprehensive multidisciplinary database available [45,
46]. Scopus is also a widely used database that brings together scientific articles, con-
ference abstracts, and books from both regional and global sources and ensures their
relevance and quality through rigorous selection and evaluation by its board and inde-
pendent peers [47, 48]. PubMed, which is almost entirely dedicated to biomedical
research, also includes articles from zoology, as it includes the PMC (PubMed Central)
article library, which indexes journals such as Frontiers in Zoology, Current Zoology,
and ZooKeys [49].

Articles published between January 1975 and July 2023 were searched. This period
was chosen for data comparison because it coincides with the ZIMS database’s exis-
tence. For the research design, the selection of articles was based on the recommenda-
tions for systematic review of the PRISMA (Principal Reporting Items for Systematic
Reviews and Meta-analyses) Statement [50]. The keywords employed for the article
search are listed in Table 1. The asterisk (*) and the term ‘AND’ were utilised as Boolean
operators to encompass all possible variations of the keywords. The term ‘Brazil’ was
included to prioritise studies relevant to the Brazilian context, given the study’s national
focus. However, the search was not intended to exclude studies conducted outside Bra-
zil, and articles were screened to retain those relevant to the focal species, regardless
of the country of data collection, including studies conducted in multi-country con-
texts or general mammal surveys. Studies were included in the analysis if they were

Table 1 Search strings and keywords used to retrieve bibliographic records for the scientometric
analysis of three Neotropical canids, supporting the assessment of knowledge patterns and
conservation gaps

Canid* Canid* AND Brazil
Scientific name Scientific name AND Brazil

Common name Common name AND Brazil
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peer-reviewed articles focusing on the three focal canid species occurring in Brazil.
Excluded materials comprised book chapters, abstracts, and conference proceedings.
Studies were included in the analysis if they were peer-reviewed articles focusing on the
three focal canid species occurring in Brazil and of conservation concern. We restricted
the search to English-language articles to ensure consistency across databases. Excluded
materials comprised book chapters, abstracts, conference proceedings, and other non-
indexed publications. This approach ensured a standardised and reproducible dataset of
indexed scientific literature.

The literature search generated 433 articles across the selected databases, with the
largest contribution from Scopus, followed by Web of Science and PubMed. After
removing duplicates and screening for relevance to the focal species, 168 articles met the
inclusion criteria and were retained for the final analysis [Short-eared dog (16 publica-
tions); Hoary fox (47); Bush dog (105)] (Fig. 1).

All retrieved papers were exported to an Excel spreadsheet and subsequently imported
into Rayyan, a free application for managing systematic reviews [51]. For each article,
the following information was extracted and organised into thematic categories:

(i) Bibliographic information: year and country where the study was conducted (i.e.,
the geographic location of data collection, used for spatial analyses and mapping),
authors, title, journal name, and database source.

(if) Institutional information: country of the first author’s institutional affiliation and
type of institution responsible for the study (e.g., university, research institute, zoo).
Authorship analyses were based exclusively on the first author’s affiliation.

(iii) Study characteristics: type of study (experimental or review), focal species, and study
context, classified as in-situ (field-based studies within the species’ natural range)
or ex-situ (studies conducted outside the natural range, typically under captive
or controlled conditions). Additionally, studies were categorised as conducted in
protected areas (i.e., legally designated conservation units, such as national parks or
reserves) or in unprotected areas (i.e., natural areas without formal legal protection),

based on information provided by the authors.

IDENTIFICATION OF STUDIES FROM DATABASES AND REGISTERS

Papers retrieved (N=433) Short-eared dog Hoary fox Bush dog
Web of Science (N= 173) Web of Science (N= 16) Web of Science (N= 42) Web of Science (N=115)
Pubmed (N= 66) Pubmed (N= 06) Pubmed (N= 20) Pubmed (N= 40)
Scopus (N= 194) Scopus (N=13) Scopus (N= 58) Scopus (N= 123)
= References included (N= 16)
Shotseared dog (NS} References excluded (N=19) —
+
- References included (N= 47) References excluded
gloamie(t20) References excluded (N=73) N =265
+
= References included (N= 105)
Busbicog (e 276 References excluded (N= 173)
!

Studies included in the review (N=
168)

Fig. 1 Prisma Protocol applied to the scientometric analyses of the three Brazilian wild canid species threatened
with extinction
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(iv) Geographic classification: each study was classified as occurring in tropical or
temperate regions based on the geographic location of the country where the study
was conducted, following its position within the tropical or temperate zones of the
globe.

(v) Research area: studies were classified into the following categories: anatomy/
physiology (e.g., anatomical descriptions, physiological processes, neurosciences),
behavior (e.g., parental care, reproductive behaviour, foraging, activity patterns),
conservation (e.g., conservation status assessments), distribution (e.g., records
outside known ranges or habitats), ecology (e.g., population ecology, diet, species
interactions), parasitology (endo- and ectoparasites), pathology (diseases caused
by pathogens or tumors), as well as ethnozoology, evolution, phylogeny, genetics,
paleontology, and reproduction.

2.3 ZIMS database and statistical analysis

Data on the studied canid species kept in zoos were obtained from the Zoological Infor-
mation Management System (ZIMS) database, operated by Species 360. Records from
1975 to 2024 were selected from ZIMS. The variables retrieved were the number and
location of institutions that housed the species (city, state, and country; in accordance
with the ZIMS data-use agreement, the identities of individual institutions cannot be
disclosed, and therefore only geographic information is reported), the number of indi-
viduals per canid species, the sex ratio, and the numbers of births and deaths. This infor-
mation enabled assessment of how many institutions keep the species of interest in their
groups, their geographic locations, and whether they are successful or unsuccessful in
reproduction.

2.4 Statistical analysis

The data extracted from the scientometric analysis were summarised using descriptive
statistics and presented as absolute and relative frequencies where appropriate. For each
variable, all occurrences reported in the selected publications were recorded. Conse-
quently, a single article could contribute multiple records (e.g., more than one species,
country, study site, institution, or research area). Therefore, the totals reported for some
categories are not mutually exclusive and may exceed the number of unique articles
included in the review. A piecewise regression was performed to assess the breakpoint
in the number of publications over the years, i.e., the point at which there is a sudden
increase in publications on endangered canids.

Generalised Linear Mixed Models (GLMMs) were applied to investigate whether the
number of publications differed among areas of study (anatomy/physiology, behaviour,
conservation, distribution, ecology, parasitology, pathology, ethnozoology, evolution,
phylogeny, genetics, palaeontology, and reproduction) and between species. The model
included the number of publications as the dependent variable, with species and area of
study as fixed effects. Year was included as a random effect to account for repeated mea-
sures over time. The model was fitted using a Poisson distribution. Model selection was
performed by comparing the full model with reduced models using likelihood ratio tests.
The significance level was set at p <0.05. The analyses were carried out using the R 4.4.2
software [52]. The glmer function from the /me4 package was used to build the models
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[53], while the graphs and map showing the locations where the studies on canids were
conducted were built using the ggplot2 package [54].

3 Results

The scientometric analysis revealed distinct temporal patterns of publication among the
three canid species (Fig. 2). For the bush dog, the earliest records date back to 1981,
with a gradual increase in publications over time and a more pronounced growth after
the 2000s, including several peaks in the last decade, particularly between 2018 and
2023. In contrast, studies on the hoary fox began later, with the first publications appear-
ing in 1997, followed by a moderate but consistent increase, especially after 2010, with
noticeable growth in recent years. For the short-eared dog, the number of publications
remained comparatively low throughout the period, with sporadic records beginning
in 2008 and a slight increase after 2015, though no clear pattern of sustained growth.
Overall, while all three species show an upward trend in scientific attention over time,
the bush dog exhibits the most continuous and pronounced increase, whereas the hoary
fox and the short-eared dog show more recent, less consistent publication trajectories
(Fig. 2). Among the three species studied, the most significant number of published
studies was on the bush dog, with a total of 109 articles (57.67%), followed by the hoary
fox with 63 articles (33.34%), and the short-eared dog, with 17 articles (8.99%) (Fig. 2).

Analysing the evolution of scientific production across the three species over time,
there was an upward trend for both the combined species and each species individually.
This increase is more evident for the bush dog and hoary fox than for the short-eared
dog. There was no abrupt increase or breakpoint in the publications over the period ana-
lysed (Fig. 3).

Brazil accounted for the most publications, followed by the United States and Argen-
tina, while all other countries contributed relatively few studies (Table 2). Most studies
were conducted in tropical regions and in protected areas. Brazil also had the highest
number of first authors, followed by the United States and Argentina.

Number of papers

-
1981 1984 1987 1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023
Year
Species @ Short-eared dog @ Hoary fox @ Bush dog

Fig. 2 Temporal evolution of the number of articles published on the three species of canids vulnerable to extinc-
tion between 1981 and 2023. Short-eared dog, hoary fox, and bush dog
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Fig. 3 Regression analysis of the number of publications over time for the three canid species studied, including
the total number of articles published across all species, as well as publications on the short-eared dog (Atelocynus
microtis), hoary fox (Lycalopex vetulus), and bush dog (Speothos venaticus)

Universities were the most common institutional affiliation among first authors, fol-
lowed by research institutes and zoological institutions (Table 2). Most publications
were experimental studies rather than review articles, and most research was carried out
in-situ, with fewer studies conducted ex-situ or in both contexts. Sample sizes were gen-
erally small, with many studies focusing on a limited number of individuals.

For the three target species, studies were distributed across 13 areas of knowledge,
with parasitology and conservation representing the most studied fields, while palaeon-
tology and ethnozoology were the least represented (Fig. 4a; Table 3). The number of
publications varied significantly across research areas, with parasitology and conserva-
tion showing higher values than the reference category (anatomy/physiology). Scientific
production was unevenly distributed among species, with most studies focusing on the
bush dog, whereas the short-eared dog was consistently underrepresented across all
areas (Fig. 4b).

The study area and species significantly affected the number of publications per year,
with the short-eared dog being the least-studied species, followed by the hoary fox and
the bush dog (Table 3).

The information obtained from the ZIMS database revealed that no records of short-
eared dogs under ex-situ conditions were found. For the hoary fox, ex-situ records are
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Table 2 Summary of the main characteristics of the studies included in the scientometric analysis,
showing sample sizes (n) and corresponding percentages (%) for each category

Variable Category n %
Country Brazil 172 65.1
United States 19 7.2
Argentina 19 7.2
Other countries <10each -
Study area Protected areas 148 56.1
Unprotected areas 116 439
Region Tropical 214 81.1
Temperate 50 189
Institution University 117 69.6
Research institute 24 14.3
Z00 17 10.1
Private 2 12
Study type Experimental 150 89.3
Review 18 10.7
Context In-situ 116 614
Ex-situ 60 31.7
Both 2 1.1

Because individual publications could contribute multiple records (e.g., multiple countries, study sites, institutions, or
species), category totals may exceed the total number of selected articles

sparse and limited to a small number of individuals since 2004, with no evidence of
population growth in captivity (Fig. 5). The number of individuals remained consistently
low, typically limited to one or two zoological institutions, and no births were recorded
throughout the study period. Mortality events were sporadic, and the sex ratio of the
hoary fox in ex-situ populations was initially male-biased but progressively shifted as
male numbers declined, with females predominating in the most recent records. Over-
all, these results indicate that the hoary fox is rarely maintained ex-situ and lacks a self-
sustaining captive population.

In contrast, the bush dog showed a well-established and expanding ex-situ population
(Fig. 5). Records from 2004 to 2024 indicate a substantial increase in both the number
of individuals and the number of participating institutions, with marked population
growth over time. Reproductive events were consistently recorded throughout the study
period, contributing to population expansion, although mortality was also observed. The
sex ratio remained relatively balanced, with a slight male predominance. Overall, these
results demonstrate that the bush dog has a stable and growing ex-situ population.

Additionally, the analysis of the bush dog age pyramid showed a shape in which the
bottom is wider than the centre or top, with more male and female individuals at the
bottom of the pyramid (Fig. 6).

4 Discussion

Overall, our findings support the study hypotheses and reveal pronounced differences
in both research effort and ex-situ representation among the three canid species. Con-
sistent with our predictions regarding publication trends and research effort, scientific
production was unevenly distributed among species, with the bush dog receiving sub-
stantially greater research attention than the hoary fox and especially the short-eared
dog, while publication output increased gradually over time for all species. Likewise,
our predictions regarding ex-situ populations were supported, as we found marked
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Fig. 4 a Areas of study covered by the articles included in the scientometric analysis of the three Brazilian canid
species between 1975 and 2023, expressed as mean +standard deviation of the number of studies per research
area. Different lowercase letters (a, b, ¢) indicate statistically significant differences among research areas. b Distri-
bution of studies across research areas, showing the total number of articles for each species: short-eared dog in
orange, hoary fox in yellow, and bush dog in blue

differences among species, ranging from the relatively large, demographically active bush
dog population to the low representation of the hoary fox and the complete absence of
the short-eared dog in ZIMS records. Furthermore, the distribution of studies across
thematic areas revealed important knowledge gaps, indicating that several aspects
of the biology, ecology, and conservation of these species remain poorly understood.
Together, these findings suggest that current knowledge and conservation opportunities
are strongly influenced by species-specific ecological characteristics, research feasibility,
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Table 3 Results of the Generalised Linear Mixed Model (GLMM) evaluating the effects of study area
and species on the number of publications per year

Areas of knowledge Estimate Error Z value p
(Intercept) -4.31 043 -10.13 <0.0071***
Behavior 0.08 037 0.22 0.826
Conservation 0.68 0.33 2.08 0.038*
Distribution -0.22 040 -0.56 0.574
Ecology 049 0.34 143 0.154
Ethnozoology -1.32 0.57 -2.32 0.021*
Evolution -0.63 0.45 -142 0.157
Genetics -0.91 0.49 -1.85 0.064
Paleontology -133 0.57 -2.33 0.020*
Parasite 0.78 032 240 0.017*
Pathology 047 0.34 137 0.171
Phylogeny -093 049 -1.89 0.058
Reproduction -0.56 045 -1.25 0213
Hoary fox 1.23 0.27 4.54 <0.007***
Bush dog 1.82 0.26 7.06 <0.0071***

The modelincludes all species, with the short-eared dog as the reference species and anatomy/physiology as the reference
study area. The year was included as a random effect

Significant effects are indicated as * p <0.05 and *** p <0.001

Individuals Zoos
250 60
200
150 40
100
20
50
5 ]
5 0 — - 0 Species
-E Births Deaths — Hoary fox
S — Bush dog
z
60
40
40
20
20
O 0 o \
2005 2010 2015 2020 2025 2005 2010 2015 2020 2025
Year

Fig. 5 Records on the relationship between the number of individuals, zoos, births and deaths for the hoary fox
and the bush dog from 2004 to 2024
and the availability of ex-situ populations, highlighting priorities for future research and
management efforts.

With respect to our hypotheses concerning temporal publication trends, differences
in research effort among species, and the identification of knowledge gaps, the results
demonstrate that information remains limited for all three canids despite a gradual

increase in scientific production over time. Scientific production in this dataset begins
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in the early 1980s for the bush dog and in 2010 for the short-eared dog, reflecting the
temporal coverage of publications retrieved from Web of Science, Scopus, and PubMed
under our search criteria (up to July 2023). It is important to note that this approach may
not capture the full historical depth of knowledge, as it excludes non-indexed sources
and does not incorporate taxonomic synonyms (e.g., Pseudalopex vetulus), which may
still occur in the literature and affect retrieval completeness.

The observed differences in publication output are likely influenced not only by con-
servation priorities but also by species-specific differences in detectability and research
feasibility. For example, the short-eared dog is rarely recorded in the wild, whereas bush
dogs are notoriously difficult to detect due to their low densities, cryptic behaviour, and
extensive movement [3]. Such characteristics can substantially limit opportunities for
data collection and may contribute to the observed disparities in research effort among
species.

Among the three species, the short-eared dog represents the most evident knowledge
gap. As the only canid endemic to remarkably pristine areas of the Amazon forest, it is
one of the world’s least-studied wild canid species [14]. The species is rarely reported in
fauna inventories, where its occurrence is often recorded as occasional, hypothetical, or
confirmed [55]. The results of this study corroborate this pattern, as the short-eared dog
had the fewest studies and was not represented in the ZIMS database. Consequently,
additional ecological, behavioural, and conservation-oriented studies are urgently
needed to support evidence-based conservation strategies for the species.

Unlike the three species evaluated here, some Neotropical canids, such as the maned
wolf, have been the focus of sustained research efforts for several decades, including
studies predating our indexed dataset [56, 57]. This contrast illustrates how differences
in detectability, geographic distribution, conservation attention, and logistical feasibility
can shape the accumulation of scientific knowledge.
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Despite the late start in indexed research for all three species, scientific output has
continued to increase over time. This trend is largely driven by publications on the bush
dog, while the short-eared dog and hoary fox remain comparatively underrepresented.
The observed imbalance highlights persistent knowledge gaps for these two species,
which should be addressed through targeted research efforts and funding incentives,
although it may also partially reflect differences in conservation status and research pri-
oritisation among species.

Beyond differences in research effort among species, our results also revealed clear
geographic patterns in scientific production. Brazil accounted for most published stud-
ies, and Brazilian researchers led most academic output. This pattern is not surprising,
given that all three species occur in Brazil and that the hoary fox is endemic to the coun-
try [37]. Although “Brazil” was included as a keyword in the search strategy, the search
was not restricted to studies conducted exclusively within the country. Nevertheless, its
inclusion may have increased the likelihood of retrieving studies associated with Bra-
zil. Therefore, the observed predominance of Brazilian publications likely reflects both a
genuine concentration of research effort and, to some extent, a methodological effect of
the search criteria.

The results also support Hypothesis 3 by demonstrating that scientific knowledge is
unevenly distributed across research contexts and study systems. Most studies have
been conducted in natural and protected areas, whereas ex-situ studies constitute a
smaller but still important component of the available literature. Zoos have contrib-
uted particularly to research on the bush dog and, to a lesser extent, the hoary fox, cor-
roborating previous findings [37, 57, 58]. However, differences in publication patterns
between in-situ and ex-situ studies should be interpreted with caution, as they are
strongly influenced by species-specific ecological traits and research feasibility. Bush
dogs, for example, are widely recognised as difficult to study in the wild due to their
low detectability, elusive behaviour, and large home ranges, which limit the effectiveness
of conventional field methods [3]. As a result, captive studies have played an important
role in advancing knowledge on aspects such as behaviour, vocalisation, and reproduc-
tive physiology [43, 58, 59]. Nevertheless, ex-situ approaches inherently constrain the
study of ecological processes that depend on natural movement, dispersal, and interac-
tions with the environment.

In contrast, the hoary fox is more readily detectable in open habitats and is not cur-
rently considered a threatened species, which may reduce the need for ex-situ manage-
ment and help explain the limited number of captive studies. For this species, research
has primarily focused on ecological aspects in natural and human-modified landscapes,
including diet and interactions with anthropogenic environments [35, 37]. For instance,
studies in pasture areas indicate that the hoary fox feeds on termites and may benefit
from these environments, although they also expose individuals to risks such as attacks
by domestic dogs and disease transmission [60].

More broadly, habitat loss driven by deforestation, roads, and mineral exploitation
continues to affect all three species [61, 62], reinforcing the importance of studies con-
ducted in both protected and unprotected areas. Rather than a simple absence of studies,
the observed gaps reflect differences in research feasibility and conservation priorities
among species. Future research should therefore be strategically directed to address
species-specific knowledge gaps, particularly regarding responses to anthropogenic
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pressures in unprotected landscapes and ecological processes that cannot be adequately
captured in captive settings.

Within the thematic distribution of research effort identified under Hypothesis 3,
parasitology emerged as one of the most prominent areas of study among the evalu-
ated canids. However, differences between in-situ and ex-situ studies should be care-
fully interpreted. Captive settings facilitate repeated sampling, clinical monitoring, and
the application of diagnostic methods that are often difficult to implement in the wild,
which partly explains the concentration of parasitological studies, particularly those on
leishmaniasis, using material from wild canids maintained in zoos [63, 64]. Neverthe-
less, ex-situ populations are maintained under controlled, often biosecure conditions,
which limit their ability to reflect natural transmission dynamics, host—parasite interac-
tions, and broader zoonotic processes. In contrast, studies conducted in natural habitats
are essential for understanding parasite diversity, transmission pathways, and the eco-
logical drivers of infection. This is particularly relevant for vector-borne diseases such
as leishmaniasis, which can affect both wild and captive animals but whose dynamics
are strongly influenced by environmental conditions, vector distribution, and interac-
tions with domestic animals [65, 66]. Wild canids may act as reservoirs of pathogens of
public health importance [65—68], reinforcing the need for field-based disease ecology
studies. Rather than indicating an optimal study system, the observed pattern reflects
complementary strengths and limitations of each research context. Current gaps are
not only related to the number of studies, but also to their scope: there is still limited
information on parasite diversity beyond a few well-studied diseases, as well as on infec-
tion dynamics, host competence, and the effects of anthropogenic pressures in natural
populations. Addressing these gaps will require integrated approaches combining field
studies, epidemiological surveillance, and, where appropriate, targeted investigations in
captive settings.

Finally, consistent with Hypotheses 4 and 5, ex-situ populations differed markedly
among species in representation, population size, and demographic structure, with
important implications for both conservation and research opportunities. Zoos have
played an important role in the conservation of endangered species, but their contribu-
tions vary markedly across the canids studied. According to ZIMS data, only the bush
dog is well represented in captive populations, with a relatively stable demographic
structure, whereas the hoary fox is poorly represented, and the short-eared dog is absent
from registered institutions. These differences limit the potential of ex-situ populations
to support research and conservation actions for some species [69]. In particular, the
absence of short-eared dogs and the low number of hoary foxes in captivity limit oppor-
tunities for studies of behaviour, reproduction, and health under controlled conditions,
as well as for the development of conservation breeding programs. Rather than indicat-
ing a general limitation of zoos, this pattern reflects species-specific challenges related
to capture, husbandry, and conservation prioritisation. Consequently, the role of ex-situ
conservation for these species remains uneven and should be evaluated in light of both
biological constraints and management feasibility.



Costa et al. Discover Animals (2026) 3:61 Page 15 of 18

5 Conclusions

This study revealed substantial differences in both scientific knowledge and ex-situ
representation among the three Neotropical canids evaluated. Consistent with our
hypotheses, research effort was unevenly distributed among species, with the bush dog
receiving considerably more attention than the hoary fox and especially the short-eared
dog. Although scientific production has increased over time, important knowledge gaps
remain, particularly regarding the ecology, behaviour, and conservation of the least-
studied species.

Marked differences were also observed in ex-situ populations. While bush dogs were
relatively well represented in ZIMS records and exhibited active demographic dynam-
ics, hoary foxes were poorly represented, and short-eared dogs were absent from reg-
istered institutions. These patterns influence opportunities for research, management,
and conservation planning and reinforce the complementary roles of in-situ and ex-situ
approaches.

Overall, our findings highlight the need for continued investment in field-based
research, particularly for species that remain difficult to detect and study in natural envi-
ronments, while recognising the value of ex situ populations in addressing specific bio-
logical and conservation questions. An integrated approach that combines both research
contexts will be essential to strengthening evidence-based conservation strategies for
Neotropical canids.
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