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Mapping knowledge to guide conservation
action: Trends in broad-snouted caiman research

GABRIELA M. GAMA, LUIZA F. PASSOS, ADRIANO P. PAGLIA & MARCOS EDUARDO
COUTINHO

Abstract: The broad-snouted caiman (Caiman latirostris) is a key species in South
American wetlands with ecological, cultural, and economic importance. Despite its
significance, no systematic effort has quantified research trends and gaps. This study
integrated bibliometric mapping and systematic review to analyze 484 publications,
focusing on geographic distribution, research topics, and collaborative networks.
Research is geographically and thematically imbalanced, dominated by Argentina and
Brazil, and focused on physiology, toxicology, and reproduction, often under captive
settings. Ecological and conservation-oriented studies on habitat-specific dynamics
and anthropogenic impacts remain underrepresented. Keyword analysis identifies
population ecology, habitat-specific studies, and conservation actions as key gaps.
The role of C. latirostris as a sentinel species underscores the need to expand field-
based research and conservation strategies that go beyond preserving physical habitats
to include pollution control policies. Collaborative networks remain geographically
clustered, underscoring the importance of fostering international partnerships. This
study provides actionable recommendations to align research with conservation
priorities, including prioritizing underrepresented regions, increasing field-based
studies, addressing anthropogenic impacts, promoting regional capacity-building, and
integrating grey literature into accessible databases. Beyond addressing C. latirostris, the
results establish a replicable framework for identifying priorities and research gaps in
other taxa, advancing conservation biology by bridging science with practice.

Key words: Caiman latirostris, crocodilians, bibliometric mapping, scientometrics, re-
search synthesis, science mapping.

INTRODUCTION

The broad-snouted caiman (Caiman latirostris)
is a widely distributed crocodilian species
inhabiting rivers, mangroves, and wetlands
across southeastern South America, including
Argentina, Bolivia, Brazil, Paraguay, and Uruguay
(Bassetti et al. 2016, Coutinho et al. 2013, Siroski
et al. 2020). Despite being abundant throughout
most of its range and its adaptability to
altered environments, such as reservoirs and
eutrophic lakes, the species faces ongoing
threats, including habitat loss, pollution, and
unsustainable use, particularly in local markets

(Filogonio et al. 2010, Marques et al. 2016, Mourao
& Campos 1995, Siroski et al. 2020). Along with its
ecological-evolutionary importance, C. latirostris
holds significant socioeconomic and cultural
value as a resource for local livelihoods.
Although C. latirostris is currently listed as
Least Concern by the IUCN Red List (Siroski et al.
2020), its conservation status varies regionally.
For example, Argentina and Brazil both classify
the species as non-threatened (Coutinho et al.
2013, Prado et al. 2012), yet the Convention on
International Trade in Endangered Species of
Wild Fauna and Flora (CITES) lists its populations
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in differentappendices: Appendix Il for Argentina
and Brazil (the latter with a zero-export quota
for wild specimens) and Appendix | for Bolivia,
Paraguay, and Uruguay (CITES 2023, 2024).
Such differences highlight the need for locally
tailored management strategies and underscore
the importance of comprehensive knowledge
about the species’ population dynamics, habitat
use, and conservation challenges.

Despite the species importance, there is
a consensus among assessments that existing
research on C. latirostris is unevenly distributed
geographically, and existing conservation
measures remain limited in scope and
effectiveness (Borteiro et al. 2006, Coutinho et
al. 2013, Prado et al. 2012, Rodriguez-Cordero
et al. 2019). In Argentina, the establishment
of @ management program in the early 1990s
contributed to the development of research
in several fields, resulting in a high scientific
output in this country, in contrast to the limited
information available for other range countries
(Siroski et al. 2020). These assessments have also
highlighted that limited knowledge constrains
the development of effective conservation
actions, emphasizing the need for population
surveys, evaluation of human-driven impacts,
and assessment of ranching program feasibility
as priorities for recovering natural populations.
Indeed, the amount, type, and quality of existing
knowledge are recognized as critical limitations
to designing effective habitat- and species-
specific conservation interventions (Sutherland
et al. 2004).

While traditional conservation assessments
have outlined priorities for C. latirostris, no study
has systematically quantified trends or gaps in
research for this species. Systematic approaches,
such as bibliometric mapping and reviews, can
help quantify these gaps and identify research
priorities (Nakagawa et al. 2019). These methods
can complement conventional reviews with a
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reproducible framework for analyzing scientific
output, by identifying thematic and geographic
patterns, and underexplored research areas.
Such approaches have proven valuable for
guiding research agendas, optimizing resource
allocation, and aligning scientific efforts with
conservation needs (Westgate et al. 2015, Farrell
et al. 2022, Fisher et al. 2011).

In this work, we combined science
(bibliometric) mapping and systematic review
to assess the current state of knowledge on C.
latirostris to unveil patterns, trends, and gaps
in research efforts with the species. Specifically,
we examined research trends, thematic and
geographic gaps, and collaborative networks,
aiming to answer three key questions: (1) What
have been studied across topics, geographic
regions, and management conditions? (2) Who
are the leading authors and research groups? (3)
How does the research landscape inform future
conservation efforts? By analyzing available
scientific production with C. latirostris, we expect
to help in the development of future research,
contributing to the alignment of conservation
needs and research efforts with the species.
By providing an integrative synthesis, this work
provides a framework for improving research
strategies and conservation planning for C
latirostris and other species with similarly
complex conservation challenges.

MATERIALS AND METHODS

Data collection

A systematic search for studies on Caiman
latirostris was conducted using ISI Web
of Science Core Collection (WoS), Scopus,
SciELO, and Google Scholar. The inclusion of
Google Scholar ensured an exhaustive search
and minimized bias by identifying relevant
grey literature, including theses, conference
proceedings, and technical reports (Haddaway
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et al. 2020, Haddaway & Bayliss 2015). SciELO
searches were integrated into WoS, leveraging
their platform integration since 2014.

Search terms included “Caiman latirostris,”
“broad-snouted caiman,” and “broad-nosed
caiman,” applied to titles, abstracts, and author
keywords in WoS, Scopus, and SciELO. Google
Scholar searches were limited to titles, returning
710 results, compared to an overwhelming
5,390 when terms were retrieved anywhere in
the document. This partial inclusion of Google
Scholar data provided general insights but
excluded results lacking metadata necessary for
bibliometric analyses. Searches were completed
in July 2024, and study selection followed
PRISMA guidelines (Page et al. 2021), with details
provided in a flowchart in Supplementary
Material (Figure S1).

Exported results were processed using the
Bibliometrix package (Aria & Cuccurullo 2017)
in R (R Core Team 2023). After merging into a
unified database, duplicates were manually
removed to account for records with incomplete
metadata. Titles and abstracts were screened
to exclude irrelevant studies, inaccessible
documents, or reviews where C. latirostris was
not the primary subject. To minimize bias,
publications in English, Portuguese, and Spanish
were included (Amano et al. 2023). Data cleaning
involved excluding duplicate records in different
languages, correcting metadata errors (spelling
of author's name, sources and titles), and adding
abstracts and keywords to Google Scholar-only
records when available.

Data analysis

WoS and Scopus export files provided
comprehensive metadata critical for bibliometric
analyses, contrasting with Google Scholar’s
incomplete metadata. Thus, Google Scholar
data were excluded from metadata analyses
but retained for descriptive insights. When
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duplicate records were found between WoS and
Scopus, WoS entries were prioritized due to its
broader coverage, including SciELO records, and
consistent citation metrics.

The complete dataset included variables
such as: (1) authors; (2) title; (3) abstract; (&)
keywords; (5) year; (6) source (Journal name
or University, for Thesis): (7) document type
(Article, Book/Book chapter, Meeting Abstract,
Report or Thesis): (8) language; (9) location
of study (country); (10) situation/condition of
study population/individuals (wild, captive/
laboratory condition, both, or not available/
applicable); and (11) research topic. Each record
was categorized into 21 research topics based on
titles and abstracts, with one primary category
assigned per record for simplicity (Table 1).
Additional metadata exclusive to WoS, Scopus,
and SciELO included the institution and country
of first and corresponding authors and citation
counts.

Descriptive analyses quantified authorship
patterns, document types, and source relevance
(Table SII). Indicators included publications per
author, co-authors per document, international
co-authorship percentages, citation metrics,
and the most impactful authors, documents,
and journals. Temporal trends in publication
frequency were analyzed overall and for the
top 10 authors by output. Geographic analyses
examined study locations and first-author
affiliations, with country-level metrics for the
latter, restricted to WoS, Scopus, and SciELO
results.

Bradford’'s Law analysis identified core
journals/sources by publication volume,
classifying them into zones of focus. For core
journals, SCImago Journal & Country Rank and
Journal Impact Factor were evaluated. The first
(core) zone reflects the nucleus of sources
focusing on a given subject. This analysis was
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applied separately to WoS/Scopus/SciELO and
Google Scholar results.

Collaboration networks among the 50 most
productive authors were assessed using the
Waltrap clustering algorithm, normalized by
Jaccard distance. The analysis identified key
authors with high betweenness and connections
within research clusters.

To assess research topics, co-word analysis
was performed on author keywords to identify
the 50 most frequently used terms, both overall
and excludingtaxonomic terms (common names,
Latin names and species names), revealing
dominant research topics (Nakagawa et al.
2019, Farrell et al. 2022, Nunez-Mir et al. 2016,
Westgate et al. 2015). Temporal keyword trends
were examined through frequency distributions
and quartile analyses over time.

Keyword network analysis visualized
connections among terms with at least 100
nodes and a minimum of one edge. Thematic
maps were generated using Waltrap clustering,
categorizing keywords into Motor themes,
Niche themes, Basic themes, and Emerging/
Declining themes. Thematic maps organize the
most frequent keywords based on values of
centrality and density of each keyword (Cobo et
al. 2011). Centrality metrics quantified a theme’s
significance to the broader field, by quantifying
how keywords are connected to the broader
research outside its cluster. Density measures
its internal maturity, by quantifying connections
between studies within a theme/cluster.

RESULTS

Trends in research efforts

A total of 1,327 records were retrieved across
four databases: WoS (n=305), Scopus (n=290),
SCiELO (n=23), and Google Scholar (n=710). After
screening, 484 publications met our inclusion
criteria. Studies spanned 88 years, beginning
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in 1936 (Patterson 1936), with an overall annual
growth rate of 3.2%. Detailed bibliometric
information of included studies are provided
in Table SI. Publications from WoS, Scopus, and
SciELO showed a higher annual growth rate
(4.83%) compared to Google Scholar (0.79%). The
highest publication years were 2023 (30 records),
followed by 2020 (28), and 2013 (27). (Figure 1a).

Publications were predominantly articles
(n=340, 69.2%), with additional contributions
from meeting abstracts (n=73, 14.9%), thesis
(n=50, 10.2%), book/book chapters (n=11, 2.2%),
and technical reports (n=10, 2.0%). While WoS,
Scopus, and SciELO collectively contributed 288
articles, Google Scholar added 52 unique articles
and was the primary source for grey literature,
including 50 theses and 10 technical reports
(Figure 1b). English was the most common
language (n=333), followed by Portuguese (n=79)
and Spanish (n=72).

Research output was geographically
concentrated in C. latirostris range countries,
with significant contributions from Argentina
and Brazil. Within WoS, Scopus, and SciELO,
Argentina led with 139 articles, followed by Brazil
(95). Google Scholar showed a similar trend for
grey literature, with Brazil (n=93) and Argentina
(n=91) as the top contributors. Paraguay showed
limited productivity with only one record
identified (Figure 1c).

Sources of Publications

Publications originated from 243 distinct sources.
WoS, Scopus, and SciELO collectively accounted
for 148 sources with an average citation rate of
13.89 per document. Among 340 peer-reviewed
articles, 14 core journals were identified
using Bradford’s Law, with Herpetology Notes
emerging as the most relevant source. Journals
represented eight countries, with Brazil and
Argentina contributing four journals collectively
(Table 1).
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Table I. Summary of information of the 15 most relevant sources of articles from peer-reviewed journals about
Caiman latirostris. Analysis by Bradford’s law identified three zones, in which zone 1 are the most popular for a
given research topic. SJR = SCImago Journal & Country Rank; JIF = Thomson Reuter (ISI) Journal Impact Factor (JIF).
No value is shown for journals not indexed in Thomson Reuter (ISI).

Rank Source n Zone SJR JIF Country
1 Herpetology Notes 15 | Zone 1 0.302 - Germany
2 Journal of Herpetology 12 Zone1 0333 0.8 USA
3 Aquaculture 10 | Zone 1 1.059 | 3.9 | Netherlands
4 Herpetological Review 10 | Zone1 0286 - USA
5 General and Comparative Endocrinology 9 ' Zone1l 0616 21 USA
6 Journal of Experimental ZooLohgnyiPoalgtg© - Ecological and Integrative 9  Zone1! 0818 19 USA
7 South American Journal of Herpetology 9 | Zone1 0276 07 Brazil
8 Amphibia-reptilia 8 | Zone1 0488 1 | Netherlands
9 Brazilian Journal of Biology 6 Zonel1 0.33 1651 Brazil
10 Ecotoxicology and Environmental Safety 6 | Zonel1 1418 @ 6.2 USA
1 Herpetological Journal 5 Zone1 0386 11 UK
12 Revista Veterinaria 5 Zone1 0112 - Argentina
13 Zoological Studies 5 | Zone1 0466 15 Taiwan
14 Acta Herpetologica 4 | Zone1 0224 0.6 Italy
15 Ciencia Rural 4 ' Zone2 0231 0.8 Brazil

Grey literature was distributed across 64
sources, with the Proceedings of the Working
Meeting of the Crocodile Specialist Group
of the Species Survival Commission of [UCN
contributing the largest share (n=25), followed
by publications from Universidad Nacional del
Litoral (n=12, Argentina) and University of Sao
Paulo (n=10, Brazil) (Table SlI).

Authorship and Collaboration Networks

A total of 823 authors contributed to the
dataset. Most authors (n=579) authored single
publications, with only 244 authors publishing
more than two records. The most prolific
authors were Pifia C. (n=82), Siroski P. (n=63),
and Larriera A. (n=61) (Figure 2). Collaboration

network analysis identified 11 distinct research
clusters. Key authors with high betweenness,
including Pina C,, Larriera A, and Munoz-de-Toro
M., facilitated connections between clusters
(Figure 3, Table SlII). Five clusters consisted of
single authors with minimal connections to
broader networks.

Trends in research topics

The 484 studies were classified into 21 research
topics (Table I11). The most frequent topics
included Physiology (n=65), Reproduction (n=52),
and Toxicology (n=49). Studies in controlled
conditions (n=186) exceeded those in the wild
(n=146), with some studies encompassing
both (n=23). Controlled studies dominated
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Figure 1. Trends in scientific production with the broad-scouted caiman Caiman latirostris. (a) Annual scientific
production about C. latirostris since the first publication in 1936 to 2024. (b) Number of publications per document
type by search engines. (c) Countries’ scientific production - Geographic distribution of publications by the
affiliation country of the first author of the included studies. Color gradient depicts number of studies. Country
name - no. of publications in WoS/Scopus/Scielo / no. of publications in Google Scholar (shaded values).

in Physiology (n=51), Toxicology (n=38), Use &
Trade (n=16), Infectiology (n=13) and Diet & Body
condition (n=13), Growth (n=12), and Behavior
(n=8). Wild studies were prevalent in topics
such as Reproduction (n=28), Genetics (n=16),
Predation (n=7) and Parasitology (n=5). The 10
most relevant articles within WoS/Scopus/
Scielo based on total number of citations
were published between 2000 and 2011 (Table
IV). Among the most cited papers, the topic of
Toxicology was the most frequent.

Included studies were conducted in 12
countries, with Argentina (n = 250) and Brazil
(n = 207) contributing the most research (Table
SIV). Argentina produced more studies under
controlled conditions, while Brazil exhibited a
more balanced focus. In Argentina, most studies
were conducted in controlled environments (n =
112) rather than in the wild (n = 66), with some
spanning both conditions (n = 10). In Brazil,
the number of studies in controlled conditions
(n=67) was nearly equal to those conducted in
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Figure 3. Trends in Authorships and collaborations. Author collaboration network, where nodes/box represent top
50 authors in terms of the numbers of authored papers in the data set, and box size is proportional to the number
of authored papers.; links are co-authorships, and its thickness is proportional to the number of co-authorships;
the colors represent to which cluster each author belongs.

the wild (n = 68), with 13 studies covering both ~ Keyword Analysis

conditions (Table SV). In contrast, studies in  Keyword analysis revealed frequent use of terms
Bolivia, Paraguay, and Uruguay were exclusively  such as “Caiman latirostris” (n=79) and “broad-
conducted in wild conditions (Table SV). snouted caiman” (n=40) (Figure 4a, Table SVI).
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Table II. The most relevant institutions by the number of mentions of first authors and co-authors within

publications retrieved in WoS/Scopus/Scielo.

Rank Affiliation Articles Country
1 National University of The Littoral 192 Argentina
2 Consejo Nacional de Investigaciones Cientificas y Tecnicas (CONICET) 144 Argentina
3 University of Sao Paulo 4 Brazil
4 Federal Rural University of Pernambuco 25 Brazil
5 Universidade Estadual Paulista 24 Brazil
6 National University of Cordoba 22 Argentina
7 National University of la Plata 18 Argentina
8 Federal University of Bahia 15 Brazil
9 University of Buenos Aires 15 Argentina

Museo de la Plata 14 Argentina
10 Federal University of Pernambuco 14 Brazil
University of Vila Velha 14 Brazil

Excluding taxonomic terms, prominent research
topics included “endocrine disruptors” (n=10),
“pesticides” (n=10), “reproduction” (n=9), and
“conservation” (n=9), (Figure &b, Table SVII).
Emerging trends from 2023-2024 highlighted
terms such as “spotlight counts”, “gene
expression”, and “Atlantic Forest” (Figure 5a,
Table SVIII).

Co-occurrence network analysis grouped
keywords into 12 clusters, reflecting thematic
connections (Figure 5c). The 12 clusters labels
with the most frequent keywords were: (1)
‘glucose, (2) ‘sustainable use’, (3) ‘blood’, (4)
‘microbiology’, (5) ‘ranching, (6) ‘pesticides’, (7)
‘physiological variations’, (8) ‘gene expression’,
(9) ‘ontogeny’, (10) ‘cerebral arteries’ and
‘brain vascularization’, (11) ‘caiman meat’ and
‘canned meat, and (12) ‘cardiac function’ and
‘feeding’. (Table S IX). Notable clusters included
“sustainable use,” “ranching,” and “pesticides;’
indicative of well-developed research areas.
Clusters tied to specific geographies, such
as “Argentina” (connected to conservation,
endocrine disruptors, clutch size and ranching),

“Atlantic Forest” (connected to encounter rates,
conservation, and molecular markers), and
“Uruguay” (connected with distribution and
diet) reflected regional research priorities.

A thematic map categorized keywords
into 20 clusters organized into four quadrants
based on centrality and density values (Figure
5b, Table S X). Among the topics in the upper
guadrants, which are terms with high density
values (indicating well-developed, specialized
areas, with numerous connections between
studies within a theme), terms were grouped
into Motor and Niche Themes, according to their
centrality values. Motor Themes (upper right)
exhibited high density and centrality, indicating
relevance and strong internal development.
Topics included “sustainable use”, “endocrine
disruptors”, “agrochemicals”, “cardiac function”,
“fatty acids”, and “conservation”. Niche Themes
(upper left) were highly developed but less
integrated into broaderresearch, includingtopics
such as “caiman meat”, “nutrition”, “habitat use”
and “physiological variations”. While these areas
are developed, as they are highly connected to

nou

n o u
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Table lll. Number of studies with the broad-snouted caiman Caiman latirostris according to 21 defined research

topics, and to the origin of individuals from each study.

Captive/
n Research Topics Wwild = Controlled Both = NA | Total
conditions
1 Physiology 6 51 3 5 65
2 Reproduction 28 20 4 - 52
3 Toxicology 6 38 1 4 49
4 Anatomy; Morphology - - - 48 48
5 Genetics; Molecular Biology; Population Genetics; Genomics 16 2 2 12 32
6 Population; Abundance; DerTsity Estimates; Population )8 . . . )8
Structure; Trends
Use & Trade; Farming; Ranching; Food Science 3 16 2 6 27
Infectiology; Pathology; Disease; Bacteriology; Virology 4 13 5 3 25
Diet; Body Condition 13 - - 22
10 Distribution; Habitats 18 - - - 18
| Growth; Longevity; Survival 3 12 2 18
12 Immunology - 5 2 8 15
13 Biochemistry; Molecular Biology - - - 14 14
14 Paleontology - - - 13 13
15 Behavior; Movement; Dispersal 3 8 - - 1
16 Conservation Action; Assessments; Action Plan - - - 1 1
17 | Threats; Anthropogenic Effects; Human-Wildlife Interactions 10 - - - 10
18 Parasitology 5 3 - 1
19 Predation 7 1 1 -
20 Body Temperature; Thermoregulation - 4 1 -
21 Taxonomy; Systematics; Molecular Phylogeny - - - 3
146 186 23 129 484

each other, they are more isolated from broader
research effort outside their clusters.

Among the topics with low density values
(indicating they are underdeveloped and
need further exploration, with low numbers of
connections between studies within a theme),
terms were grouped into Basic and Emerging or
Declining Themes. Basic Themes (lower right)
had high centrality but low density, reflecting
foundational areas needing further exploration,
such as “growth”, “immunology”, “ontogeny” and
“Uruguay”. Emerging or Declining Themes (lower
left) included less-developed or waning topics

such as “anatomy”, “stable isotopes”, “cerebral

arteries”, “ crocodilian husbandry”,

nou

captivity”,

and “histology”, suggesting these areas are
either losing relevance or have yet to become
significant in the field.

DISCUSSION

This study provides a detailed synthesis of
research trends and gaps in knowledge about
Caiman latirostris, offering insights into the
geographic distribution of studies, primary
research topics, and collaborative networks
of researchers. Through an integrative science
(bibliometric) mapping and systematic review,
we highlight dominant themes and specific
areas where further study is needed, aligning
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Table IV. The top 10 most relevant papers about Caiman latirostris based on total citations.

. Total | TC per
n Reference Title Journal Citations = Year
Genotoxicity of the herbicide formulation Mutation
1 (Poletta et al. 2009) roundup® (glyphosate) in broad-snouted refff.ﬁ%hlo G%nn%tlc 112 7.00
: caiman (Caiman latirostris) evidenced by the environr%yental :
comet assay and the micronucleus test mutagenesis
Sex reversal effects on Caiman latirostris General and
2 | (Stoker et al. 2003) = exposed to environmentally relevant doses of comparative 92 418
the xenoestrogen bisphenol a endocrinology
Developmental exposure to endocrine General and
3 | (Stoker et al.2008) | disruptor chemicals alters follicular dynamics comparative 66 3.88
and steroid levels in Caiman latirostris endocrinology
Genetic, enzymatic and developmental
(Poletta et al alterations observed in Caiman latirostris Ecotoxicology and
4 ’ exposed in ovo to pesticide formulations environmental 63 4.50
20Ma) ) . . . .
and mixtures in an experiment simulating safety
environmental exposure
Caiman latirostris (broad-snouted caiman) as | Mutation research-
a sentinel organism for genotoxic monitoring: | genetic toxicology
5 | (Poletta et al. 2008) basal values determination of micronucleus | and environmental 2 347
and comet assay mutagenesis
6 (Bona & Desojo Osteology and cranial musculature of Caiman Journal of 56 4.00
2011) latirostris (Crocodylia: Alligatoridae) morphology ‘
Effect of incubation temperature on incubation
. period, sex ratio, hatching success, and Journal of
/ (Pina et al. 2003) survivorship in Caiman latirostris (Crocodylia, herpetology 22 2.36
Alligatoridae)
Regression equations between body and head e
8 (Verdade 2000) measurements in the broad-snouted caiman Brazilian journal of 51 2.04
(Cai ; . biology
aiman latirostris).
Prenatal exposure to pesticides disrupts General and
9 (Rey et al. 2009) testicular histoarchitecture and alters comparative 48 3.00
testosterone levels in male Caiman latirostris endocrinology
10 (lungman et al. Embryological development of Caiman Genesis 43 753

2008)

latirostris (Crocodylia: Alligatoridae)

and complementing the conclusions from
previous cross-nationaland regional C. latirostris
assessments (Bassetti et al. 2016, Coutinho et al.
2013, Siroski et al. 2020, 2019). Our findings reveal
that research is largely concentrated in Argentina
and Brazil, with a strong focus on the topics of
physiology, toxicology, and reproduction, often
under controlled conditions, which underscores
the opportunity to expand field studies on

An Acad Bras Cienc (2025) 97(Suppl. &)

underexplored topics including ecological
dynamics, habitat-specific conservation actions,
anthropogenic impacts, and human-wildlife
interactions. This geographic and thematic
concentration is likely influenced by factors
such as accessible research funding, established
conservation programs, researcher networks,
and logistical ease of access to study sites
(Santos et al. 2020, Fisher et al. 2011, Lessa et
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al. 2019, Meyer et al. 2015, Oliveira et al. 2016).
These factors can limit studies to certain areas
or topics, thereby reducing the existence of
regional and local data, and underrepresenting
crucial ecological variables across the species’
full range.

Trends in research output

Our temporal and geographic analysis further
clarifies patterns in research productivity and
distribution across the range of C. latirostris.
The analysis revealed a substantial increase
in research output since the 1990s, with over
87% of studies published post-2000, following
the same increase as research into crocodilian
biology in general (Grigg & Kirshner 2015).

Argentina (n=250) and Brazil (n=207) contributed
the majority of publications, indicating a strong
research presence in these countries. While
this has contributed valuable baseline data, it
also emphasizes a significant gap in research
investment in countries including Bolivia,
Paraguay, and Uruguay. Furthermore, despite
the substantial volume of studies in Brazil,
the distribution of research efforts should
be cautiously interpreted given the country’s
vast land area and environmental diversity.
Although Brazil comprises a large proportion of
C. latirostris range, there is limited data on the
species’ population dynamics within its borders
(Siroski et al. 2020). Future studies should
prioritize lesser-explored regions to enhance
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ecological understanding and support habitat-
specific conservation strategies for the species.

Conservation and research strategies

While geographic distribution patterns reveal
clear regional research imbalances, it also
reflects differing conservation strategies, levels
of management and understanding across its
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range. The rise in research output during the
1990s can largely be attributed to Argentina’s
successful conservation initiatives, such as the
implementation of sustainable use programs
(Grigg et al. 1995, Siroski et al. 2024, Webb 2002).
Wildlife sustainable management fosters the
involvementoflocalcommunitiesinconservation
efforts, generating long-term socioeconomic
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benefits and improving quality of life. In this
context, Argentina’s establishment of a ranching
program for C. latirostris, which involves egg
harvesting and head-starting restocking, has
played a pivotal role in the recovery of wild
populations (Siroski et al. 2024). This program,
initiated in the early 1990s, contributed to the
species’ listing in CITES Appendix Il in 1997
and provides a model for similar approaches
in Brazil, where conservation efforts have
focused on captive breeding to reduce illegal
exploitation (Verdade & Lavorenti 1990, Verdade
1992). Research efforts throughout Brazil have
also generated much information as evidenced
by our data. Recently, the Brazilian scientific
output contributed with baseline information to
support the downlisting under CITES Appendix
from | to Il, opening up new opportunities
for sustainable-use conservation programs
(CITES 2023). Given C. latirostris’s limited
representation in protected areas network
(Lourenco-de-Moraes et al. 2023), sustainable
use approaches in private lands are critical for
conservation. This finding underscores the need
for further government-supported experimental
management programs in Brazil, modeled on
Argentina’s successful conservation strategy.

Research gaps in the ecological and conserva-
tion focus

The thematic focus of studies further
underscores key gaps and priorities for future
research on C. latirostris. A significant research
gap lies in the underrepresentation of ecological
and conservation-focused studies. While topics
such as physiology and toxicology are well-
researched, there is limited emphasis on field-
based studies in natural habitats, especially
regarding population dynamics, habitat use, and
human-wildlife interactions. Co-word analysis
revealed strong connections among popular
research topics but identified gaps (Farrell et al.
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2022, Nakagawa et al. 2019, Nunez-Mir et al. 2016,
Westgate et al. 2015), particularly in terms such
as “population dynamics,” “encounter rates,” and
“habitat use,” which remain isolated from key
conservation and ecological themes. Similarly,
geographic terms such as “Atlantic Forest” and
‘Uruguay” also shows limited connections to
broader research topics, while “Argentina”
is more central and linked to well-developed
clusters. Addressing these gaps requires
prioritizing studies in natural habitats, as field-
based research remains underexplored despite
its relevance for planning effective species
conservation and management strategies.

Anthropogenic impacts and ecotoxicology

Anthropogenic influences, especially agricultural
pollutants, have been extensively studied,
highlighting C. latirostris as an indicator of
environmental health (Poletta et al. 2008,
Rojas-Hucks et al. 2022, Tavalieri et al. 2020).
Toxicological studies have demonstrated the
negative impacts of pesticides and heavy
metals on gene expression, reproduction, and
growth in C. latirostris at various life stages,
suggesting significant implications for natural
populations and their habitat (Santos et al.
2024, Odetti et al. 2024, Rojas-Hucks et al. 2022,
Tavalieri et al. 2020). These impacts stress the
need for integrated habitat protection measures
that go beyond preserving physical habitats to
include pollution control policies in agricultural
landscapes. However, laboratory studies alone,
while valuable, are insufficient; complementary
field studies should be prioritized to assess the
real-world impacts of pollution on the species
(Poletta et al. 2011b).

Collaboration networks and capacity building

Our findings also highlight the uneven
distribution of research capacity across the
range of C. latirostris, which is closely tied
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to the volume of local scientific production.
Collaboration and publication patterns reveal
concentrated efforts among a small group of
authors and institutions, primarily in Argentina
and Brazil. While cross-country collaborations
exist, there is a need to expand research
networks, particularly in underrepresented
regions including Paraguay, Uruguay, and parts
of Brazil. Expanding these networks could foster
regional capacity building, provide training
opportunities, and enhance the scientific output
in areas where data is currently lacking (Fisher et
al. 2011, Parreira et al. 2017). For example, studies
in the Caatinga biome in Brazil highlight the
importance of local scientific capacity in driving
research, with most publications led by local
researchers (Lessa et al. 2019). Additionally, the
development of local research capacity helps
to integrate research into global conservation
efforts by inserting work into broader scientific
contexts, and enhancing the visibility of local
studies.

The role of grey literature

Grey literature, including non-indexed
publications such as conference proceedings,
theses, and technical reports, is vital to
understanding the full scope of C. latirostris
research. Despite often being overlooked in
traditional research databases, these sources
provide valuable insights, especially in areas
that may not meet the criteria for peer-
reviewed publications (Haddaway et al. 2020).
For instance, proceedings from the Crocodile
Specialist Group (CSG) meetings provide critical
updates on conservation and management
practices. However, the limited accessibility of
grey literature, especially those not indexed
in major databases such as WoS and Scopus,
restricts their visibility. Expanding the inclusion
of grey literature in widely used databases
could improve data synthesis, facilitate broader

MAPPING BROAD-SNOUTED CAIMAN RESEARCH

engagement, and support informed decision-
making for conservation strategies.

Improving data synthesis and future directions

To maximize the impact of future research on C.
latirostris, we recommend a strategic approach
to keyword selection in research publications. By
using standardized and targeted language across
titles, abstracts, and metadata, researchers can
improve discoverability in search engines and
databases, making the findings more accessible
(Nakagawa et al. 2019). As scientific production
grows exponentially, text analysis tools provide
opportunities to synthetize research, identify
knowledge gaps, research biases, and improve
literature review replicability (Farrell et al.
2022). Moreover, incorporating geographic and
thematic keywords at multiple scales will
enhance data synthesis using text and citation
analysis tools, thereby increasing the efficiency
of literature reviews and meta-analyses (Fisher
et al. 2011).

CONCLUSIONS

In synthesizing nearly a century of research
on C. latirostris, this study provides essential
insights into the trends and gaps in the
scientific study of this ecologically and culturally
significant species. Our findings underscore
the importance of addressing geographic and
thematic imbalances, promoting a broader,
more inclusive approach to research that
encompasses the full range of C. latirostris
habitats and populations. By employing science
(bibliometric) mapping techniques, it clarifies
the current state of knowledge and provides
a framework for prioritizing future research
and conservation strategies. Importantly, the
approach demonstrated here also illustrates
the broader value of single-species science
mapping with broader applications for
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conservation, providing a replicable model for
similar assessments on other species.

In summary, and based in our findings, to
address these gaps and strengthen the scientific
foundation for C. latirostris conservation and
management, we recommend: (1) Expanding
research efforts to underrepresented regions,
such as Paraguay, Bolivia, Uruguay, and lesser-
studied areas in Brazil; (2) Increasing field-
based ecological studies to better understand
population dynamics, habitat-specific
behaviors, and species interactions in natural
settings; (3) Addressing anthropogenic impacts,
particularly through the study of pollutants
such as endocrine disruptors and pesticides,
complementing laboratory studies with field-
based experiments; (4) Fostering international
and interdisciplinary collaboration to enhance
research capacity and knowledge sharing across
the species’ range; and (5) Improving data
accessibility by expanding the indexing of grey
literature in major databases such as Scopus and
Web of Science; and by incorporating geographic
and thematic keywords in publications. These
recommendations align with cross-national
conservation priorities, and will amplify the
visibility and impact of C. latirostris research,
supporting informed decision-making and
robust conservation strategies for the species.
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