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ABSTRACT

The habitat and its environmental conditions, when optimal, influence the reproduction and survival of organisms, since they

can have an impact on demographic parameters such as adult sex ratio (ASR), density, and functional traits (morphological,

physiological). Few studies evaluate these factors as a whole in contrasting habitats (such as mangroves and pastures), especially

in crab species such as Cardisoma guanhumi. We hypothesized that mangroves would be a favorable habitat for C. guanhumi at a

local and regional scale because the environmental conditions (lower temperature, soft and clayey substrate) would have a posi-

tive effect on its population dynamics and morphological traits. In order to test this hypothesis, we selected 12 sites on the coasts

of the Gulf of Mexico. We found an effect of habitat on ASR, which was male-biased in the mangrove and female-biased in the

pasture at a local (by site) and regional scale. Furthermore, crab density was higher in the mangrove and decreased in both habi-

tats as soil hardness increased. In addition, females were heavier and larger (quela, carapace, ventral plate) in the mangrove, and

these traits were positively related to burrow temperature in this habitat. Our results support the hypothesis that mangroves are

the optimal environment for the development of C. guanhumi. However, although this threatened species has been able to adapt

to modified habitats such as pastures, its vulnerability is increased by the surrounding environmental conditions, predation, and

commercial exploitation, and the viability of its populations may be affected if it persists in these modified environments.

1 | Introduction

The habitatis a factor that can influence the demographic param-
eters of populations as well as the adult sex ratio (ASR) (Amos
et al. 2013; Fromhage and Jennions 2016; Kappeler et al. 2023)
and density of individuals (Julliard 2000; Reichard et al. 2014;
Barretto et al. 2022). Although insufficiently explored, the hab-
itat may also influence the morphological and physiological
traits of a population (Yates et al. 2014; Kappeler et al. 2023).
Moreover, populations can interact with the habitat in dif-
ferent ways as a response to its environmental conditions (Xu
et al. 2016; Alonso-Fernandez et al. 2017; Wittmann et al. 2023).
Optimal environmental conditions in the habitat (resource
availability and favorable microclimate) are known to play a role

in the reproduction and survival of individuals, which in turn
affect the ASR (Julliard 2000; Reichard et al. 2014; Jennions
and Fromhage 2017; Edmands 2021; Békony et al. 2024; Verma
et al. 2024). However, the relationship between population spa-
tial dynamics and habitat properties is complex and scarcely sup-
ported by field data (Wittmann et al. 2023; Marrero et al. 2025).

The ASR includes individuals in a population that have
reached sexual maturity whether they are sexually active or not
(Hardy 2002; Fromhage and Jennions 2016; Ancona et al. 2017;
Carmona-Isunza et al. 2017). Adult sex ratio and density are
parameters that regulate the structure of a population and play
a crucial role in population dynamics, since they influence
reproductive success (competition for mates and resources)
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and fecundity and mortality rates, among others (Clutton-
Brock 1991; Hardy 2002; Julliard 2000; Steifetten and Dale 2012;
Ancona et al. 2017; Jennions and Fromhage 2017; Végvari
et al. 2018; Schacht et al. 2022; Kappeler et al. 2023). Fisher's
classic work (1930) predicts that the sex ratio is at equilibrium
1:1 when the costs of producing offspring are similar. However,
under natural conditions, the ASR tends to be biased towards
one sex due to the selective pressure of different ecological fac-
tors (environmental conditions, habitat loss, resource availabil-
ity). Therefore, the ASR is expected to be biased towards the
sex with a better ability to exploit the environmental conditions
of the habitat (Julliard 2000; Steifetten and Dale 2012; Végvari
etal.2018; Barrettoet al. 2022; Kappeler et al. 2023). Additionally,
male-biased ASRs and high population densities can be found in
optimal or good-quality habitats, where predation mortality is
low (Julliard 2000; Kappeler et al. 2023). Under these conditions,
intense sexual selection can be observed, that is, high reproduc-
tive skewness, intense competition, and a high risk of exclusion
from mating among males (Emlen and Oring 1977; Kokko and
Rankin 2006; Jennions and Fromhage 2017).

Some studies have shown a relationship between temperature
and functional traits. In some species, temperature modulates
anatomical specialization and biological processes (physiolog-
ical, developmental) in relation to the “size-temperature rule”
which occurs in most ectotherms (Verberk et al. 2021). For ex-
ample, when reared in warmer conditions, a smaller body size
at maturity is observed in marine populations of Littoraria
angulifera (Lamarck, 1822), where body size decreased in an-
thropogenic habitats (urban intertidal artificial structures)
characterized by higher temperatures than in adjacent natural
habitats (Ramos et al. 2021). In L. angulifera, decreasing devel-
opmental time and reaching maturity at a smaller size seems to
favor fertility, and therefore, the adult sex ratio would be higher
than that suggested by the size frequency distribution (Ramos
et al. 2021).

Temperature is also a key factor in shaping the geographic dis-
tribution of species and the density and ASR variation of popu-
lations, especially in species that can establish in different types
of habitats (Rohde 1992; Edmands 2021; Verma et al. 2024).
In brachyuran crabs such as Ucides occidentalis, Cardisoma
crassum, and Cardisoma guanhumi, environmental conditions
such as temperature (Burgos and Garéfalo 2018; Lombardo
and Rojas 2022; Mota et al. 2023), vegetation cover, and/or soil
hardness (Capistran-Barradas et al. 2003; Carmona-Suarez and
Guerra-Castro 2018) have been found to primarily influence the
density of individuals.

Among decapods, C. guanhumi is known to be one of the best
terrestrial colonizers. Terrestrial females have been found to
migrate periodically to the sea in order to spawn, thus their lar-
vae are strictly marine pelagic (Gifford 1962). Hence, the early
developmental stages of this species, and several other semi-
terrestrial crabs, are found within a narrow strip of the coast
(Hartnoll et al. 2014). As a semi-terrestrial species, adults of
C. guanhumi can expand their habitable area and build their
burrows further away from the seashore. Cardisoma guan-
humi burrows have been recorded at distances from 300m to
5km from the sea (Carmona-Suarez and Guerra-Castro 2012;
Santos et al. 2016; Novais et al. 2021). Thus, this crab species

can establish itself in different types of habitats, from dense
mangrove forests, with hydroperiods and humid soils, to trans-
formed environments such as sparsely vegetated pastures, with
higher temperatures than mangroves and superficially arid and
compacted soils, resulting from human activities (Rodriguez-
Fourquet and Sabat 2009; Giménez et al. 2015; Mendes and
Cruz 2017). It has also been shown that, although pastures are
habitats that represent a loss of hydrological connectivity with
the sea, they provide a stable substrate for C. guanhumi to build
its burrows, since the burrows have a connection with ground-
water from the water table, which allows the crabs to survive
in these disturbed habitats (Arroyave-Rincén et al. 2014).
Cardisoma guanhumi is a crab species that is distributed from
the south of Florida to Brazil, including the Caribbean islands
and West Africa (Govender and Rodriguez-Fourquet 2008). In
Mexico, C. guanhumi is distributed in the Caribbean and much
of the Gulf of Mexico (Amaral et al. 2015), where ~10% of the
mangrove vegetation cover has been replaced by pastures for ag-
ricultural activities, aquaculture, livestock farming, urbaniza-
tion, and coastal development (reviewed in Osland et al. 2022).
Pastures are environments with high temperatures, very com-
pact soils, and vegetation cover with little shade (Herndndez-
Melchor et al. 2016).

In a comparison between mangroves and pastures, Govender
and Rodriguez-Fourquet (2008) suggested that C. guanhumi
individuals are more abundant in mangroves due to minimal
fluctuations in soil surface temperature and easy access to
groundwater. However, there is a debate about the effect of the
habitat on some demographic parameters. Some studies have
found that habitat modifications due to land-use change can
result in more abundant and larger individuals in mangroves
compared to pastures (Arroyave-Rincon et al. 2014; Carmona-
Sudrez and Guerra-Castro 2018; Quifiones-Llépiz et al. 2021).
Other studies have not found an effect of habitat but have found
an effect of physical factors (shade, plant litter, and soil substrate)
or landscape scale on the abundance and size of C. guanhumi
(Novais et al. 2021; Riascos et al. 2024). On the other hand, a sys-
tematic review of 25 studies covering the latitudinal distribution
of this species shows that, in areas near the southern limit of
its distribution, crab populations are more abundant and larger
in urban areas and farmlands than in natural habitats (Riascos
et al. 2024). Thus, it is not known how habitat type and envi-
ronmental conditions can influence demographic parameters
such as ASR, density, and morphological traits in species like
Cardisoma guanhumi (Latreille, 1825). This approach allowed
us to analyze the response of C. guanhumi to these factors at
both the local and regional scale on the coasts of Tamaulipas
and Veracruz in the Gulf of Mexico.

Considering the above, we hypothesized that mangroves would
be a favorable habitat for C. guanhumi at a local and regional
scale due to its environmental conditions (lower temperature,
soft and clayey substrate) having a positive effect on its popu-
lation dynamics and morphological traits. We predicted that C.
guanhumi populations in mangroves would show a higher mean
body condition (size, weight), higher density, and a biased ASR
compared to those found in pastures. The transformation of a
natural habitat (mangroves) into pastures can have a potential
negative effect on the availability of suitable sites for reproduc-
tion (burrows) and food resources necessary for survival.
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2 | Materials and Methods
2.1 | Study Area

The present study was conducted at a regional scale on the coasts of
Tamaulipas and Veracruz in the Gulf of Mexico (18.14°-23.78°N;
94.14°-97.90°W). Twelve sampling sites where the crabs were not
harvested (to rule out anthropogenic effects) were established: two
in Tamaulipas and 10 in Veracruz (Figure 1). Since C. guanhumi
is able to occupy different habitats (as long as it has access to the
water table) (Rodriguez-Fourquet and Sabat 2009; Mendes and
Cruz 2017; Novais et al. 2021), we selected two types of habitats
at a local and regional scale in the Gulf of Mexico: mangrove for-
ests as a natural habitat and pastures as a disturbed habitat. The
pastures in this study are characterized by the presence of grasses
and some herbaceous plants and the absence of species such as red
mangrove (Rhizophora mangle), white mangrove (Laguncularia
racemosa), and black mangrove (Avicennia germinans), which
are species found in mangrove habitats in Mexico (Portillo and
Ezcurra 2002). Mangroves and pastures were selected in each site
and sampled during September and October of 2021 and 2022,
which are the months when adults are present (Carmona-Suarez
and Guerra-Castro 2018; Quifiones-Llopiz et al. 2021). Despite
sampling the northern sites in oneyear and the southern sites in
the following year, the complete statistical model did not show a
significant effect of year on the study parameters. Furthermore,
each sampling site was only surveyed in a single year due to time
constraints, as the northern sites are 700km away from the south-
ern sites on the coast of the Gulf of Mexico.

A)

Gulf
of Mexico

MEXICO

2.2 | Sampling Design

In each selected habitat (mangrove and pasture) per sampling site,
we established five 50-m-long transects separated by a distance
of x10m from each other. To locate the burrows of C. guanhumi,
we established three 5X5m quadrats in each transect, resulting
in a total of 15 quadrats/habitat. The quadrats in the mangrove
were placed at a distance of ~30m from the nearest body of water,
avoiding flooded areas. The same design was used in each of the 12
sites. A total of 180 quadrats were established in mangrove habi-
tats and 180 in pasture habitats along the coasts of Tamaulipas and
Veracruz. We recorded the total number of crabs found inside their
burrows in each quadrat in order to quantify the abundance and
density of individuals per site and habitat. For this, we extracted
the individuals from their burrows using a 2.5-m-long flexible crab
hook, ensuring not to damage the morphological structures.

We only recorded adult individuals, which were determined by
a carapace width equal to or greater than 58.5mm, since color
is not always linked to body size (Arroyave-Rincon et al. 2014).
The following parameters were recorded for each captured in-
dividual: sex, carapace width and length, width, length, and
thickness of the largest quela, maximum width of the ventral
plate, and body weight. We used an AutoTEC digital caliper to
measure the structures (0.01 precision) and a TORREY LAB-
500 portable digital balance (0.1g precision and 500g capacity)
to weigh each individual. All the data were obtained in situ, and
the surveyed and measured individuals were released alive in
their respective habitat (mangrove or pasture). We also recorded

FIGURE1 | Distribution of the sampling sites of Cardisoma guanhumi on the coasts of Tamaulipas and Veracruz (Gulf of Mexico: 18.14°-23.78°
Latitude N; 94.14°-97.90° Longitude W). (1) Agua Dulce. (2) Alvarado. (3) La Antigua. (4) La Mancha. (5) Nautla. (6) Tecolutla. (7) Chile Frio. (8)
Tuxpan. (9) Tamiahua. (10) Tampico Alto. (11) Aquiles Serdan. (12) El Moro6n. Sites (1 and 2)—Tamaulipas. Sites (3-12)—Veracruz.
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TABLE 1 | Generalized linear mixed model (GLMM) of predictor
variables (fixed effects) of the adult sex ratio (ASR) of Cardisoma
guanhumi on the coasts of Tamaulipas and Veracruz (Gulf of Mexico).

Fixed effects X daf p
Habitat 7.14 1 <0.001
Soil hardness 1.19 1 0.28
Environmental temperature 0.0035 1 0.95
Burrow temperature 0.51 1 0.47
Density 0.018 1 0.89

Note: Significant p values are highlighted in bold.

the environmental temperature and the temperature inside the
burrows using a digital thermometer. Burrow temperature was
obtained by pointing a digital laser infrared thermometer (GM
550, 10°C-55°C) at the deepest accessible part of the burrow.
Soil compaction was measured in both mangroves and pastures
using a Siless penetrometer.

2.3 | Statistical Analysis

Crab density was calculated as the number of individuals per
quadrat (25m?). Adult sex ratio was estimated as: total num-
ber of males/(males+females). This estimator is asymmetric
around 0.5, where a value of 0 indicates a female-biased ASR
and a value of 1 a male-biased ASR (Hardy 2002; Ancona
et al. 2017).

We used a generalized linear mixed model (GLMM) to ana-
lyze the effect of the predictor variables of habitat (mangrove
and pasture) and the environmental conditions (soil hardness,
ambient temperature, burrow temperature) on ASR (response
variable with a binomial distribution and logit link function).
The same predictor variables were used for the response variable
of density in a GLMM with a Gamma distribution and log link
function.

Spatial variation of the ASR of C. guahnumi in 12 sampling
sites on the coasts of Tamaulipas and Veracruz (Gulf of Mexico)
was analyzed by a non-parametric bootstrapping procedure
(10,000) to determine the 95% asymmetric confidence intervals
(Davison and Hinkley 1997) using the R package boot (Canty
and Ripley 2017).

To determine the relationship and reduce the dimensionality
among the morphological variables, we performed a principal
component analysis (PCA). We then used linear mixed mod-
els (LMMs) to evaluate whether the morphological traits of C.
guanhumi (weight, carapace width, quela thickness, and ventral
plate width) varied with sex (females and males), habitat, and
environmental conditions (soil hardness, environmental tem-
perature, and burrow temperature). For all models, sampling
site was considered a random factor and habitat and sex as fixed
factors. We used the R package Ime4 (Bates et al. 2015) for the
mixed models, and all analyses and data visualization were per-
formed in R version 4.4.1 (R Core Team 2024).
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FIGURE2 | Adultsexratio (ASR) of Cardisoma guanhumi as a func-
tion of (A) habitat (local scale) and (B) sampling site (regional scale) on
the coasts of Tamaulipas and Veracruz (Gulf of Mexico).

3 | Results

We sampled a total of 3618 crabs and found 1042 females (28.8%)
and 1459 males (40.32%) in the mangrove and 709 females
(19.6%) and 408 males (11.28%) in the pasture. The mean den-
sity (=SD) per quadrant was 13.89 + 5.43 individuals in the man-
grove and 6.41 £ 3.24 individuals in the pasture.

3.1 | Adult Sex Ratio (ASR) and Crab Density

Of the environmental variables analyzed as predictors of ASR,
the GLMM only showed a significant effect of habitat (y*=7.14,
df=1, p<0.001, Table 1). The ASR was male-biased in the man-
grove and female-biased in the pasture (Figure 2A). This dif-
ference in ASR between habitats (local scale) was also found
among the 12 sites sampled along the coasts of Tamaulipas and
Veracruz in the Gulf of Mexico, since the confidence intervals
per habitat did not overlap, which indicates that the ASR is con-
sistently biased towards each sex: male-biased in the mangrove
and female-biased in the pasture (Figure 2B).

The GLMM showed a significant effect of habitat (y?=52.749,
df=1, p<0.001), soil hardness (y*=7.592, df=1, p<0.001),
and environmental temperature (y?>=6.327, df=1, p<0.001) on
density. Crab density was higher in the mangrove than in the
pasture (Figure 3A) and decreased as soil hardness increased in
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both habitats (Figure 3B). In contrast, there was a positive rela-
tionship between environmental temperature and crab density,
particularly in the mangrove. Temperature varied more in the
mangrove than in the pasture (Figure 3C).

3.2 | Influence of the Habitat on

the Morphological Traits of C. guanhumi on
the Coasts of Tamaulipas and Veracruz (Gulf
of Mexico)

The PCA represented 92.88% of the total variation of the data.
The first component represented 82.73% of the total variance,
where carapace width and length and quela width were the

best represented. The second component represented 10.15%
of the total variation, where ventral plate width was the best
represented variable, while the carapace and quela measure-
ments showed an inverse relationship (Table S1). Carapace
width (mean +SD) measured 7.06+1.01 in the mangrove and
5.5+0.69 in the pasture for females and 5.28 £0.8 in the man-
grove and 6.93 +0.81 in the pasture for males (Table S2).

The minimal model from the LMM showed thatsex (y*=693.162,
df=1, p<0.001), burrow temperature (}*=33.094, df=1,
p<0.001) and the interaction habitat:sex (y?>=3524.938, df=1,
p<0.001) had a significant effect on the weight of C. guanhumi
(Table 2). The interaction shows that females are heavier in the
mangrove, while males are heavier in the pasture (Figure 4A).
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TABLE2 |
Veracruz (Gulf of Mexico).

| Variation in the density of Cardisoma guanhumi according to (A) habitat type, (B) soil hardness, and (C) environmental temperature.

Linear mixed model (LMM) of predictor variables of the morphological traits of Cardisoma guanhumi on the coasts of Tamaulipas and

Predictor variables Body weight Chela thickness

Fixed factors X daf p X daf p
Habitat 1.148 1 0.2839 1.67 1 0.20
Sex 693.162 1 <0.001 151.76 1 <0.001
Soil hardness 0.577 1 0.4472 0.10 1 0.76
Environmental temperature 0.001 1 0.9703 0.00 1 1.0
Burrow temperature 33.094 1 <0.001 2.16 1 0.14
Habitat:sex 3524.938 1 <0.001 569.71 1 <0.001

Note: Significant values are highlighted in bold.
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We also found that weight increased with burrow temperature
in the mangrove (Figure 4B).

In the case of quela thickness, only sex and the interaction
sex:habitat showed a significant effect (Table 2). Females had
thicker quelea in the pasture than in the mangrove, and males
showed the opposite pattern (Figure 5; Table S2).

Sex, burrow temperature, and the interaction habitat:sex had
a significant effect on carapace width (Table 3). The cara-
pace of females was wider in the mangrove, while the cara-
pace of males was wider in the pasture (Figure 6A). Carapace
width increased with burrow temperature in the mangrove
(Figure 6B).

Finally, habitat, sex, burrow temperature, and the interac-
tion habitat:sex had a significant effect on ventral plate width
(Table 3). The ventral plate of females was wider in the man-
grove than in the pasture (Figure 7A; Table 3). There was also
a positive relationship between ventral plate width and burrow
temperature, although it was more evident in the mangrove
than in the pasture (Figure 7B).

4 | Discussion

We investigated the influence of the habitat and environ-
mental conditions (environmental and burrow temperature
and soil hardness) on the ASR, density, and physiological
and morphological traits of C. guanhumi at a regional scale
across 12 sampling sites on the coast of the Gulf of Mexico.
Our results support our prediction that C. guanhumi popula-
tions in mangroves exhibit higher density, higher mean body
condition (size, weight), and a biased ASR compared to those
in pastures. To the best of our knowledge, this is the first study
to show an effect of habitat on demographic parameters (ASR
and density) and morphological attributes in C. guanhumi at
both a local and regional scale across a large part of the coast
of the Gulf of Mexico.

According to our prediction, we found that habitat was the
only predictor of ASR in C. guanhumi, since environmen-
tal and burrow temperature, soil hardness, and density did
not influence this parameter. These results indicate that the
bias towards males in the mangrove and towards females
in the pasture at a local (by site) and regional (on the coasts
of Tamaulipas and Veracruz in the Gulf of Mexico) scale is
not influenced by these abiotic factors but rather by land-use
change. However, there are still not enough studies to under-
stand the causes of variation in ASR, especially across spatial
scales (Xu et al. 2016).

Biases in the sex ratio and their variation may reflect adaptations
related to changes in the spatio-temporal distribution of individ-
uals and the characteristics of the habitat (climatic conditions,
resource availability, among others) (Dittmar et al. 2011; Székely
et al. 2014; Jennions and Fromhage 2017; Léaszl6 et al. 2018;
Barretto et al. 2022). Cardisoma guanhumi has adapted to oc-
cupy different continental habitats, mainly through access
to the water table (Govender and Rodriguez-Fourquet 2008;
Rodriguez-Fourquet and Sabat 2009; Mendes and Cruz 2017;
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TABLE 3
Veracruz (Gulf of Mexico).

| Linear mixed model (LMM) of predictor variables of the morphological traits of Cardisoma guanhumi on the coasts of Tamaulipas and

Predictor variables Carapace width Ventral plate width
Fixed factor x? df p X2 df p
Habitat 1.26 1 0.26 12.00 1 <0.001
Sex 577.33 1 <0.001 16329.02 1 <0.001
Soil hardness 0.37 1 0.54 0.018 1 0.93
Environmental temperature 0.00 1 1.00 0.05 1 0.82
Burrow temperature 23.95 1 <0.001 32.00 1 <0.001
Habitat:sex 2526.47 1 <0.001 1954.82 1 <0.001
Note: Significant p values are highlighted in bold.
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FIGURE 6

| (A) Carapace size of females and males in contrasting habitats. Mean and extreme values are represented. (B) Relationship predicted

by the LMM between carapace size and burrow temperature, where carapace size increased with burrow temperature in the mangrove.
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FIGURE 7 | (A) Ventral plate size of females and males in contrasting habitats. Mean and extreme values are represented. (B) Relationship pre-

dicted by the LMM between ventral plate size and burrow temperature. Ventral plate size increased with burrow temperature in the mangrove.

Novais et al. 2021). Furthermore, the flexibility of this crab spe-
cies in terms of new food sources is leading to shifts in its demo-
graphic processes at all scales. For example, a higher abundance
in modified habitats, such as cities, compared to natural habi-
tats is related to a constant availability of food resources such as
dead animals and human feces, which appear to be consumed
by this species (Riascos et al. 2024).

We found a higher abundance of crabs in mangroves, accord-
ing to our prediction. Several studies have found that popu-
lations in pastures are under greater predation and fishing
pressure. Predation is a natural process but, in pastures, it
is caused by mammals introduced by humans, such as stray
dogs and cats, crab-eating raccoons (Procyon cancrivorus),
and opossums (Didelphis sp.), among others (Schwamborn and
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Moraes-Costa 2019). High predation pressure in pastures in-
creases the likelihood of mortality, which is reflected in smaller
populations compared to mangroves.

In the case of C. guanhumi, we highlight ambient temperature
and soil hardness as factors influencing its abundance. For ex-
ample, the density of individuals was inversely proportional to
soil hardness in both mangroves and pastures. However, the
loss of vegetation in the pastures causes an increase in ambient
and soil temperature, which affects the abundance of crabs in
this habitat. Moreover, the soil in the burrows was more com-
pacted in the pastures than in the mangrove, which explains
a higher density of individuals in the mangrove compared to
the pastures. Burrow construction and maintenance are costly
activities due to the time and energy invested (reviewed in
Lombardo and Rojas 2022). Thus, a higher crab density in the
mangrove may be related to a continued use of burrows to en-
sure reproduction and protection from predators. On the other
hand, the high density of crabs in mangroves suggests that
this habitat is their natural ecosystem locally and regionally
and is of better quality than pastures. Although C. guanhumi
appears to have adapted to pastures, this habitat remains less
suitable for its conservation (Oliviera-Neto et al. 2014), as
populations in low-quality habitats show reduced individual
survival and reproduction rates, which result in low densities,
and may therefore require immigration of individuals from
high-quality habitats (Lea et al. 2018), such as mangroves, to
persist.

The spatial distribution of a species can influence population
parameters such as ASR or density, especially in the case of spe-
cies that can establish in different types of habitats (Arroyave-
Rincoén et al. 2014). The analysis of density and ASR in each
habitat at the spatial scales used in this study (local and regional)
suggests (based on Gundersen et al. 2001) that C. guanhumi dis-
persal may depend on these two factors, which may, therefore,
influence the source-sink dynamics in this species. That is, fe-
males in pastures (sink habitats) are likely the sex with greater
dispersal, which is reflected in a lower population density than
that found in source habitats (mangroves), where they originate.
Furthermore, based on our prediction, ASR was biased towards
the sex with the greatest ability to exploit the environmental
conditions of the habitat. Hence, ASR was biased towards males
in mangroves, and thus the environmental conditions in this
habitat seem to favor their lower dispersal, as has been found in
other studies (Julliard 2000; Steifetten and Dale 2012; Végvari
et al. 2018, Barretto et al. 2022).

The variation in the ASR along the regional distribution of this
species in the Gulf of Mexico may have significant implications
for its reproductive biology and, consequently, for the survival
of the population. The bias towards sexually mature males ob-
served in the mangrove in the present study has also been re-
corded in regions with weak predation pressure, primarily in
populations restricted to islands (Hernandez-Maldonado and
Campos Campos 2015). The relationship between geographic
distribution, population growth, and population viability may
be complex in C. guanhumi and depend on a range of charac-
teristics, including density and mating system. For example, ac-
cording to our results, a low number of males in the pasture at
a low population density suggests reduced female fecundity as

a result of the limited capacity of males to fertilize all the fe-
males (Emlen and Oring 1977; Shuster and Wade 2003). In the
case of the bias towards males in the mangrove, a different ap-
proach predicts adaptive behavioral responses to a biased ASR.
A male-biased ASR in the mangrove may improve female fer-
tility by increasing the chance of selecting a mate and, there-
fore, producing more viable offspring, as has been observed in
other studies (Emlen and Oring 1977; Julliard 2000; Shuster and
Wade 2003). It would be interesting to explore these hypotheses
based on mating systems theory in future studies. It is import-
ant to analyze the causes of variation in the ASR to understand
the relationship between ASR, mating system, and population
dynamics in this species.

Temperature is an important factor in the establishment
and development of C. guanhumi (Govender and Rodriguez-
Fourquet 2008; Carmona-Sudrez and Guerra-Castro 2012;
Giménez et al. 2015; Mendes and Cruz 2017). In the present
study, we observed that environmental temperature influences
the density of individuals. Furthermore, the temperature inside
the burrow (where C. guanhumi spends most of its life and is
always lower than the environmental temperature) has an effect
on its development. Gomez-Cervantes (2020) reported that tem-
perature is one of the main factors contributing to the optimal
development of this species. In our study, we found that, at least
in the mangrove, temperature favored an increase in weight and
carapace and ventral plate size. The quela was the only struc-
ture that was not influenced by temperature. The size of most
morphological structures increased at a lower burrow tempera-
ture in the mangrove (27.5°C-32°C) compared to the pasture
(32°C-38°C). This indicates that shifts towards a smaller body
size are associated with the pastures. The size of most mor-
phological structures increased at lower burrow temperatures
in the mangrove. An increased weight and structure size may
compensate for a lower burrow temperature in the mangrove,
while heat stress in pastures may explain the more stable weight
and size of the crabs in this habitat. Similar to other organisms,
C. guanhumi responds to land-use change associated with the
transformation of mangroves into pastures by decreasing their
body size. In these ecological conditions the populations of this
crab species could possibly reach maturity at a smaller size, fol-
lowing the prediction of the “temperature-size rule” presented
in most ectotherms (Daufresne et al. 2009; Verberk et al. 2021).

The few studies that examine differences in the size of C.
guanhumi between populations and habitats report a signifi-
cantly larger size in mangrove forests compared to pastures
in Colombia (Arroyave-Rincén et al. 2014; Carmona-Sudrez
and Guerra-Castro 2018). However, size measurements were
not obtained by sex, as in the present study. These results in-
dicate habitat segregation by condition and size in both sexes
of C. guanhumi. Differences in size by habitat and sex appear
to be related to reproductive system and ecological differences
between the sexes, as observed in some species (Kennedy and
Rennie 2024). It has been found that, when there are more fe-
males (as is the case of mangroves), most of them invest less en-
ergy in gonad development, resulting in increased body growth
(Silva et al. 2014), which could explain why females are larger
in mangroves. This could have repercussions on mating sys-
tems. For example, laboratory experiments have shown that,
under high-quality conditions (greater availability of food and

8 of 12

Ecology and Evolution, 2025



egg-laying sites), males avoid mating with small females, while
females are more selective when they are in low-quality environ-
ments (Gillespie et al. 2014).

This crab species shows sexual dimorphism in ventral plate size,
where it is wider in females than in males (Quifiones-L16piz
et al. 2021). This pattern was observed in both mangroves and
pastures. However, the ventral plate of females was narrower
in pastures than in mangroves. This difference may have im-
plications for the transportation of eggs, since females of this
species undertake spawning migrations, traveling up to 12km
to release the larvae in a body of water (Giménez et al. 2015).
In addition to providing better shelter than pastures, mangroves
are located next to bodies of water. Therefore, spawning mi-
grations are shorter in this habitat. The above suggests that fe-
males in mangroves carry a higher number of eggs, since they
are protected by a wider ventral plate compared to females in
pastures. On the other hand, the carapace has been considered
an indicator of growth in this species, as in Cardisoma cras-
sum (Molina-Ortega and Vazquez-Lépez 2018). Similarly to the
other structures, variation in carapace width in C. guahumi is
related to adaptive strategies according to the habitat and bur-
row temperature. Other studies have shown that carapace width
responds to habitat loss, as well as to local fishing pressure (Silva
et al. 2014; Hernadndez-Maldonado and Campos Campos 2015;
Govender 2019).

A distinctive trait of C. guanhumi is the size of its quela, since
they are the largest and most conspicuous part of the body of
most individuals. Exaggerated morphological structures are
often associated with sexual selection (Andersson 1994), but
natural selection can also favor extreme morphologies that en-
hance foraging or locomotion (Bro-Jergensen 2008). The quela
is a multifunctional structure in C. guanhumi, since it is used
for feeding, fighting, and protection. The crabs also use their
quela to dig burrows over 2m deep, where they spend most of
their lives (Mendes and Cruz 2017). Given the variety of func-
tions the quela performs and the distribution of this species in
contrasting habitats such as mangroves and pastures, morpho-
logical changes would be expected in this structure. There is
evidence that the environment can limit the size of structures.
For example, the cranial appendages of bovids and cervids are
shaped by their environment, where species inhabiting open
pastures exhibit larger structures and those inhabiting dense
forests have smaller or absent structures (Caro et al. 2003;
Cabrera and Stankowich 2020). In other crab species, such as
Cambarus chasmodactylus, ecological factors like the vege-
tation composition and substrate influence their distribution
and quela morphology depending on whether they are found
in lotic or lentic sites in rivers or streams (Graham 2021). Our
study shows that quela thickness in C. guanhumi varies with
sex and habitat, where females in mangroves and males in pas-
tures have thicker quela. Since the quela is a multifunctional
structure, the larger quela size exhibited by males in pastures is
likely related to territoriality involving resources and/or mates
(Moraes-Costa and Schwamborn 2018; Riascos et al. 2024).
Accelerated quela growth in mature individuals is associated
with territory guarding and male-male competition for females,
as observed in most decapods (Graham 2021). Furthermore,
sex-specific behavioral differences, such as habitat choice and
food preference, have been described in crabs such as Armases

cinereum in coastal forests and salt marshes on Sapelo Island
(Moraes-Costa and Schwamborn 2018). According to this, there
may be selection on the feeding behavior of C. guanhumi, where
females with larger quelae in mangroves may be more efficient
at foraging, perhaps allowing them to develop this structure
more efficiently than smaller males in this habitat. This implies
fitness benefits for females, as a larger body size is associated
with greater offspring size and survival (Hiibnef et al. 2015).
Furthermore, the diet of C. guanhumi has also been found to
differ between habitats, where it collects fallen leaves and fruits
in mangroves, while it has been observed clipping the vegeta-
tion to feed on it in pastures (Herreid 1963). It is recommended
to study the influence of the habitat on feeding behavior, mating
strategy, and sexual dimorphism of morphological traits in C.
guanhumi at a local and regional level through morphometric
analyses and its relationship with the developmental patterns
of the gonads.

5 | Conclusion

The results of our study indicate that C. guanhumi is sensitive to
the type of habitat. At a regional scale, in the coast of the Gulf of
Mexico, C. guanhumi showed a preference for mangroves. This
habitat had suitable conditions (burrow temperature and soil
hardness) that favored a higher crab density and a male-biased sex
ratio. Furthermore, there were differences between sexes in mor-
phological and physiological traits which, particularly in females,
varied with the habitat and environmental conditions. These
traits showed that females in mangroves were in better condition
than those in pastures. The demographic and morphological re-
sponses to contrasting habitats show that this species has differ-
ent requirements. This suggests that crabs in mangroves are more
likely to survive and reproduce than those in human-modified
environments such as pastures. This type of study provides key
information on the population ecology of this species for the imple-
mentation of conservation measures, since it may be threatened by
commercial exploitation by persisting in modified environments
such as pastures.
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