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Abstract. Evaluating the population status of crocodylians in protected habitats and providing more information on their

distribution and population structure are of utmost importance for conservation strategies for these organisms. Although Caiman

latirostris is widely distributed throughout Brazil and South America, information on its populations is still scarce, particularly
within protected areas. In this study, we sampled various water bodies within the protected area of Rio Doce State Park (RDSP), to
investigate patterns of density and population structure of C. latirostris. We assessed the caimans’ density through spotlight night
counts across five lakes within the RDSP, capturing the animals whenever possible for biometric measurements. Our results showed
a relative abundance (encounter rate) of 4.01 individuals per kilometer across the water bodies in the RDSP. We found significant
differences in the relative abundance of caimans between the studied lakes (p < 0.01). Our findings reveal a heterogeneous

distribution of C. latirostris across the study area, which can result from the combined effect of resource availability, anthropogenic

impacts, and caiman social hierarchy. The resource availability, historical human activity, and caiman social hierarchy of the

different water bodies may have influenced the observed distribution of C. latirostris inside the protected area, but future long-term

studies can clarify this pattern.
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Introduction

The broad-snouted caiman Caiman latirostris (Daudin, 1801)

is a medium-sized crocodylian with a geographic
distribution =~ encompassing major river basins in
southeastern South America, including rivers, lakes,

mangroves, floodplains and wetlands in Argentina, Brazil,
Bolivia, Uruguay, and Paraguay (Vilella et al. 2008, Verdade
et al. 2010, Bassetti et al. 2021). In Brazil, C. latirostris has a
wide distribution and occurs naturally across four different
ecoregions (Atlantic Forest, Cerrado, Caatinga and Pampa)
and has been introduced in the Brazilian Pantanal, reaching
from the Rio Grande do Norte to the Rio Grande do Sul
(Verdade & Pina 2006, Bassetti 2021).
Throughout the country, the species is highly associated
with urban, densely populated areas, where it also
occurs altered habitats, such as
artificial reservoirs and polluted urban waterways
(Freitas-Filho 2013, Mascarenhas-Junior et al. 2020, Marques
et al. 2016).

Caiman latirostris was considered an endangered species
in Brazil until 2003 but has since been listed as Least
Concern (LC) due to its wide distribution and ability to
colonize anthropic habitats (Bassetti et al. 2021). However,
the species is subject to numerous threats due to its
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in man-made and

occurrence in areas of intense human activity, including
habitat loss and river drainage that may disrupt connectivity
and gene flow between populations, and direct threats such
as the construction of hydroelectric dams, illegal hunting,
pollution, and pesticide use (Yves et al. 2018, Siroski et al.
2020, Bassetti et al. 2021).

The Rio Doce State Park (RDSP) is a protected area
located in the southeast of Minas Gerais state, Brazil, and

harbors one of the largest remnants of continuous Atlantic
Forest ecoregion in the country. Although it encompasses
the country's third largest lake system (Oliveira et al. 2021),
there is no available information regarding the C. latirostris
populations that are known to inhabit its water bodies,
except for one study that reported the incidence of illegal
hunting within the protected area (Yves et al. 2018).
Furthermore, the population distributed within RDSP is
evolutionarily significant wunit, which
efforts that address the
unexplored particularities of these populations (Borges et al.
2018).

Several surveys have been conducted to study C.
latirostris populations within its geographic range, spanning
different  ecoregions
degradation (e.g., Filogonio et al. 2010, Merege 2009,
Carvalho Jr. & Batista 2013, Passos et al. 2014, Marques et al.
2016, Mascarenhas-Janior et al. 2020). However, despite
Brazil accounting for more than 70% of the species’ global
distribution, information regarding its actual population
status throughout the country remains scarce, which may
limit the effectiveness of conservation and management
efforts (Verdade et al. 2010, Bassetti et al. 2021). For that
reason, assessing the population status of C. latirostris in
Brazil is one of the priority actions for the species (Verdade
et al. 2010). To address these gaps, this study aims to
investigate the patterns of density, relative abundance, and
population structure of C. latirostris at the Rio Doce State
Park (RDSP). Another relevant point regarding the relevance
of this study is that C. latirostris usually occurs at low
densities in Southeast Brazil and along areas associated with
prominent environmental degradation (Filogonio et al. 2010,
Marques et al. 2016, Bassetti et al. 2021). This further
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highlights the importance of assessing the population status
of this species within protected areas that may harbor a large
number of individuals, as we expected to find here.

Material and methods

Study area
The Rio Doce State Park (RDSP), established in 1944, is the most

extensive continuous remnant of the Atlantic Forest in Minas Gerais
state, Brazil. It spans an area of approximately 36,000 ha in the
southeastern part of the state (19°45' to 19°30'S and 42°38' to
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48°28'W) and partially covers the municipalities of Marliéria,
Dionisio, and Timéteo (Fig. 1). The RDSP's dominant vegetation type
is seasonally semi-deciduous forest (Gilhuis 1986, IEF 2023). The
elevation range is 230-515 m above sea level and a climate type of
Aw (Koppen-Geiger classification), with the rainy season occurring
between October and April (IEF 2023, Metzker et al. 2011). The RDSP
includes approximately 50 lakes and lagoons, which account for
about 6% of its total area and form the RDSP lacustrine system
(Latini & Petrere 2004, Godinho 1996). The RDSP is considered an
area of extremely high biological importance and has been
prioritized for biodiversity conservation and scientific investigation
in the state of Minas Gerais (Drummond et al. 2005).

19°46.680'S

19°48.420'S

42°37.500'W

Study Area at the Rio Doce State Park

42°36.000W
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Geographic Coordinate System
Pseudo-Mercator Projection
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Lagoa dos Patos Lake
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Figure 1. Location of the Rio Doce State Park, Minas Gerais state, Brazil and lakes sampled in the
present study. The white line represents the limits of the protected area.

Sampling methodology
Four nocturnal surveys were conducted between October 2016 and

January 2018, during the reproductive season of C. latirostris
(October 2016, February and November 2017, and January 2018).
Each survey lasted from six to eight days and was conducted by boat
in five lakes within the RDSP (Carioca, Dom Helvécio, Anibal, Aguas
Claras, and Lagoa dos Patos; Fig. 1), following established transects
along the shore. The spotlight survey method was used to count the
animals (Mourdo & Campos 1995, Da Silveira et al. 1997, Platt &
Thorbjarnarson 2000). During the counts, we approached the
caimans to estimate their snout-vent length (SVL) based on their
head length (Verdade 2000). We captured the animals whenever
possible to calibrate these estimates and took measures of their SVL
and total length using either a measuring tape or a vernier caliper
(least count = 0.01 cm) (Hutton et al. 1987, Coutinho & Campos
1996). Individuals with an SVL longer than 40 cm were visually
examined to determine their sex by examining their gonads
(Brazaitis 1968). Before being released at the capture site, each
caiman was individually marked with a combination of notches in
its tail scutes (Jennings et al. 1991, Borteiro et al. 2006, Carvalho-Jr &
Batista 2013).

Data analysis
To calculate the relative abundance (encounter rate) of C. latirostris at

the RDSP, we divided the average total number of caimans sighted
in the four surveys by the total distance traveled along the lake
shores, measured with a GPS. We took into account the fact that C.
latirostris tends to remain near the margins of the water bodies

(Verdade et al. 2006), resulting in a population density expressed as
the number of individuals per kilometer traveled (ind/km). With the
purpose of comparing the different water bodies, we also calculated
the average density of C. latirostris for each sampled lake and used
it to run a linear model with the perimeter of the lake as the
predictor.

The biometric data collected was used to generate a calibration
equation for estimating the SVL of non-captured individuals through
simple linear regression. The size class distribution was obtained in
accordance with the size classes proposed by Leiva et al. (2019).

A Generalized Linear Model (GLM) with a Gamma distribution
was performed to compare the density at the different lakes (Zuur et
al. 2009), followed by a Tukey's post-hoc test with p-values corrected
for multiple comparisons. In order to compare the population size
structure among the different lakes, we used a GLM with negative
binomial distribution to better deal with the natural overdispersion
of count data in ecology (Zuur et al. 2009). The size class
distributions were compared within and among lakes by means of a
Tukey a posteriori test (Zar 2010), with p-values corrected for
multiple  comparisons  using  Bonferroni's The
prevalidation of both models was done graphically through residual
plots.

The chi-square test (Zar 2010) was applied to investigate
whether the sex ratio of caiman differed among the sampled lakes
and to check whether the sex ratio in each lake differed from the 1:1
ratio that is expected for natural populations of crocodylians. Tests
for normality and homogeneity of variance had been performed
previously. We considered the significance level in all analyses as p

correction.
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< 0.05. All statistical analyses were conducted using R software (R
Core Team 2015).

Results

Throughout the four surveys conducted between 2016 and
2018, an average total density of 4.01 individuals per
kilometer traveled was observed. The highest average
density occurs in Anibal Lake (Table 1). Comparisons of
caiman densities among the different lakes through a
Tukey's post-hoc test (p < 0.01) revealed marked statistically
significant differences (Fig. 2). However, there was no
significant relationship between the size of the lakes
(perimeter in km) and caiman densities (F = 0.27, p = 0.64,
df = 3).

A total of 141 caimans were captured, and 10 of those
were recaptured. According to the simple linear regression
test performed, the SVL estimates were quite accurate
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(R2 =094, y = 1.02x - 1.14). The caimans were distributed
among four size classes, with 53 in class I (37.5%), 42 in class
IT (29.8%), 41 in class III (29. 1%), and 5 in class IV (3.6%)
(Fig. 3). The GLM model showed a significant effect of the
lake on the frequency of size classes in our study area
(F =529, p =0.01, df = 4). Post-hoc Tukey's test indicated
that the frequency of size classes differed significantly in one
of the localities (Dom Helvecio lake - p < 0.01), while the
other localities showed no significant differences among
them.

The sex ratio analysis based on 87 individuals showed an
overall ratio of 1.02:1 female/male, which was found to vary
significantly among the sampled water bodies (X? = 11.61,
p = 0.02, df = 4) (Fig. 4). Further examination of the sex ratio
of each lake revealed a significant deviation from the
expected 1:1 ratio only in Lagoa dos Patos (X2 = 6.4, p =
0.01, df = 1), where we captured nine males and only one
female.

Table 1. Average density (individuals per kilometer) and the number of individuals sighted in each
lake for the different sampling expeditions. The perimeter represents the transects traveled along
each lake, close to the margin. SD = standard deviation.

Number of C. latirostris individuals

Lake observed per survey Peﬁzﬁster szigj E:;sﬁy SD
Oct/16 Feb/17 Nov/17 Jan/18
Carioca 5 8 6 5 1.57 3.82 +£0.78
Dom Helvécio 89 94 109 86 36.20 2.61 +0.24
Anibal 175 184 197 198 23.30 8.09 +0.41
Lagoa dos Patos 16 18 15 15 9.54 1.68 +0.13
Aguas Claras 8 6 7 5 7.10 0.91 +0.16
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Figure 2. Comparison of the relative abundance (encounter rate) (ind/km) of broad-
snouted caiman (Caiman latirostris) among the five sampled lakes. Relative abundance
differed among all water bodies according to Tukey's post hoc test (p < 0.01).
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Figure 3. Number of broad-snouted caiman (Caiman latirostris) individuals classified in
each size class for the five different sampled lakes (I < 25.0 cm SVL, II: 25.0 - 67.9 cm
SVL, III: 68.0 - 99.9 cm SVL and IV > 99.9 cm SVL) at the Rio Doce State Park. SVL =

snout-vent length. Size classes (I - IV) follow Leiva et al. (2019).
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Figure 4. Sex ratios of broad-snouted caiman (Caiman latirostris) in the five sampled lakes at Rio Doce
State Park.
Discussion Further, although illegal hunting has been reported within

This study presents the results of the first density and
population structure investigation of C. latirostris in the Rio
Doce State Park (RDSP), a strictly protected area of high
biological importance. The average linear density of C.
latirostris in this study was 4.01 ind/km, which contrasts
with previous research and suggests that the species may be
abundant protected
Additionally, we observed an overall sex ratio of 1.02:1
female: male, which may be influenced by factors such as
temperature, anthropogenic pressures (e.g., illegal hunting,
pollution, deforestation), and demographic fluctuations
(Yves et al. 2018, Mascarenhas-Janior et al. 2020, Siroski et al.
2020), but it is hard to make assumptions since we have not
directly addressed this topic. Our body size estimation was
highly accurate, enabling us to evaluate the status of C.
latirostris populations in RDSP in future investigations and
monitoring without the capture
individuals to sample these parameters.

Estimates of linear density of C. Ilatirostris can vary
significantly across their range (Marques et al. 2016), as
demonstrated by previous surveys (Mourdo & Campos 1995,
Verdade 2001, Aparicio & Rios 2008, Fusco-Costa et al. 2008,
Merege 2009, Carvalho-Jr. & Batista 2013, Passos et al. 2014,
Mascarenhas-Jtnior et al. 2020) that reported average linear
ranging between 0.12 and 8 ind/km. In
comparison, our study in the RDSP recorded an average
density of 4.01 ind/km, with only two previous studies
reporting higher densities (5.2 and 7.14 ind/km in Aparicio
& Rios 2008, 6-8 ind/km in Verdade 2001), while the
remaining studies reported densities below 1.5 ind/km. The
high density we found in RDSP can be attributed to several
reasons. First, the species' population we studied inhabits a
protected and stable environment, unlike other populations
in Brazil, which have been adversely impacted by habitat
loss and pollution (Siroski et al. 2020). Second, the
availability of resources within RDSP may be an important
factor for the abundance of caimans. Both food resources
and the availability of nesting sites, the large quantity of
floating vegetation along the lake margins, and the relatively
large environment may reduce intraspecific competition for
the species within RDSP (Townsend et al. 2009). Finally, the
large density of exotic fish species (such as tucunaré and red-
bellied piranha) in the lakes of the RDSP may also favor the
maintenance of large populations within the Park through
an increased availability of food resources for the caimans.

more within environments.

exclusive need to

densities

the RDSP, it has mostly affected areas near the Park's
borders rather than all its water bodies (Yves et al. 2018).

The population structure analysis of C. latirostris in the
RDSP indicated that juveniles and adult individuals (classes
IT and III) were, in general, the most abundant across the five
sampled lakes, while large males (class IV) were either
absent or few in number, a pattern similar to previous
surveys (e.g., Aparicio & Rios 2008, Borteiro et al. 2008).
Selective hunting of larger animals, particularly prior to the
national ban on wildlife hunting in 1967, may have led to the
reduction of larger males, especially in the past, which may
have long-term effects on population demography (Verdade
1996). Another relevant aspect is that illegal hunting still
occurs within the protected area (Yves et al. 2018), so these
deleterious impacts on population dynamics may still be
happening within the RDSP in the present day, which
highlights the need for future research. Moreover, the
distribution of size classes among different water bodies
may be influenced by social hierarchy and competition for
resources, leading to aggressive behavior from adult
individuals towards smaller ones (e.g., Lang 1987, Campbell
et al. 2013). Such territoriality may result in smaller
individuals establishing in suboptimal water bodies not
inhabited by larger caimans, potentially enhancing their
survival rates (Gould & Gould 1989, Magnusson 1984, Lang
1987, Sajdak & Molina 1992). Further, C. latirostris exhibits a
wide variation in its home range size, which means that
movements depend on their size, reproductive activity,
social behavior, and seasonal variation of resources across
the landscape (Marques et al. 2020). Thus, the dynamics of
these interactions might dictate the patterns of size
structures we found for the RDSP water bodies.

An important factor contributing to the observed
differences in size classes in Dom Helvecio Lake is its larger
size compared to the other sampled lakes. The Dom
Helvecio Lake is the biggest lake we sampled, being almost
twice the size of the second one (Anibal), and probably the
most abundant in terms of resources (food, shelter, and
reproduction sites). Moreover, it is important to consider this
difference in planning actions for management and
conservation inside the protected area since the high
abundance of hatchlings and juveniles in Dom Helvecio
Lake can represent potential recruitment into adult-size
classes. The presence of individuals of class IV can be
interpreted as larger males established along this water body
through competition and expulsion of other smaller males
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(Lang 1987, Borteiro et al. 2008).

Our study yielded an overall sex ratio of 1.02:1 female:
male, which is in accordance with several other studies (e.g.,
Carvalho & Batista 2013, Passos et al. 2014, Marques et al.
2016, Hassan 2017). The
determination during embryonic development undergone
by C. latirostris (Deeming & Ferguson 1989) likely accounts
for the proportions we found. However, it is important to
acknowledge three potential biases that were not addressed
in this study: variations in mortality rates, sexually
dimorphic habitat selection patterns and challenges in
accurately determining the
(Thorbjarnarson 1997). While we believe our sample was
representative of the sex ratio of C. latirostris across the
RDSP, further investigation into these biases, as well as the
environmental conditions surrounding the nesting area
during the incubation period, should help elucidate the
relationship among environmental characteristics, ecological
dynamics, and the proportion of males and females both at
the population and landscape level.

There was only one female captured in Lagoa dos Patos
compared to nine males, resulting in a small sample size that
may limit the accuracy of the chi-square test. Comparisons
among the sampled water bodies must be interpreted with
caution due to the assumptions of the chi-square test, which
requires at least three observations for each category in order
to ensure accuracy (Zar 2010). However, it is possible that
environmental conditions in Lagoa dos Patos are favoring
the formation or establishment of males.

As the first-ever population survey for C. latirostris in the
RDSP, our study presents evidence of the species'
heterogeneous distribution throughout the study area,
potentially influenced by resource availability, historical
human activity and caiman social hierarchy. Our results also
suggest that characteristics of each lake (e.g., size, resource
availability, nesting sites, spatial position) may be important
factors in population dynamics, affecting both caiman
density and structure. The high caiman density found in our
study underscores the significance of this population for the
species' conservation, especially given that impact on the
Doce River basin populations could result in reduced genetic
diversity, as these populations have likely been isolated
from others since the Pleistocene (Vilella et al. 2008, Borges
et al. 2018).

Based on our findings, we suggest that future research
should focus on long-term monitoring of population
dynamics and in-depth investigations of the region's nesting,
diet, hunting, and human activity. Additionally, surveying
caiman populations in the Rio Doce basin outside of the
RDSP protected area could provide valuable comparisons
between protected and unprotected areas facing similar
conditions, which can be compared with other regions
where the species faces anthropogenic impacts. Such studies
understanding of the species'
distribution, demographic trends, and potential conservation
strategies. Further investigation should also focus on the
status of C. latirostris populations in protected areas in Brazil,
which can help provide insights into the species' overall
abundance throughout the country and how it differs in
protected and unprotected regions.

temperature-dependent sex

sex of juvenile animals

would improve our
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