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Abstract  

This is the first fundamental morphometric study of Parasesarma eumolpe conducted in Vietnam. The study aimed 

to determine and compare key morphometric characteristics of P. eumolpe collected from two mangrove forest sites in 

the Mekong Delta, including Can Tho and Ca Mau. A total of 203 specimens (115 from Can Tho and 88 from Ca Mau) 

were collected monthly from August to October 2025. Six morphometric parameters, carapace width (CWLR, CWRL), 

smallest and biggest manus width (MW2, MW3), pollex width (PW5), and dactyl width (DW7), were analyzed using 

generalized linear mixed models (GLMM) and Gamma–log regression. The results revealed significant differences in 

morphometric traits by sex and site (p < 0.05), with males exhibiting larger carapace and claw dimensions than females. 

Geographic variation was also evident: CW and MW2 were higher in Can Tho, whereas MW3 and PW5 were greater in 

Ca Mau. Regression analyses showed strong positive correlations between carapace width and claw dimensions (R² > 

0.60), particularly between MW2, MW3, PW5, and DW7, reflecting the integrated development of claw structures. The 

The Principal Component Analysis further supported these patterns by illustrating clear clustering trends by sex and 

sampling site. These findings provide fundamental morphometric data for taxonomy, sexual dimorphism, and ecological 

adaptation studies of P. eumolpe and contribute to a better understanding of morphological variation among sesarmid 

crabs inhabiting the Mekong Delta mangrove ecosystem. 
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Introduction 

Vietnam harbors one of the world’s largest areas 

of mangrove forests, with the Mekong Delta accounting 

for approximately 84% of the country’s total mangrove 

coverage [1]. The Mekong Delta, located at the lower 

reaches of the Mekong River, represents Vietnam’s 

largest and most biologically diverse deltaic system. Its 

extensive networks of rivers, estuaries, and mangrove 

forests provide abundant aquatic resources and play a 

crucial role in maintaining ecological balance and 

biodiversity [2,3]. Despite occupying only about 12% of 

Vietnam’s land area, the region supports a remarkably 

high species richness, ranking second globally only to 

the Amazon Delta regarding faunal diversity [4]. 

 

 

Among the key organisms inhabiting mangrove 

ecosystems, crabs of the family Sesarmidae play vital 

ecological roles, including bioturbation, litter 

decomposition, and nutrient cycling. The morphological 

traits of these crabs are fundamental to taxonomy, 

ecology, and evolutionary biology, as they reflect 

adaptive responses to environmental and behavioral 

pressures such as thermoregulation, burrowing, and 

mating strategies [5,6]. According to Ng et al. [7] and 

Shahdadi et al. [8], the family Sesarmidae, comprising 

35 genera and over 250 species, represents the most 

diverse lineage within the suborder Thoracotremata. 

Taxonomically, this family has a complex and often 

debated classification history [9]. Based on numerous 
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studies, the genus Sesarma was subdivided into several 

genera and subgenera until Serene & Soh [10] proposed 

a more stable taxonomic framework, which remains 

widely accepted today [11]. Before 2008, the genus 

Parasesarma was regarded as a subgenus of Sesarma; 

however, it has since been elevated to full generic status 

[11]. According to Fratini et al. [12], Parasesarma 

currently includes 71 recognized species, making it the 

most species-rich genus within the family Sesarmidae 

[8]. Nevertheless, previous studies have primarily 

described external morphological characteristics rather 

than quantitative morphometric ratios, which are critical 

for taxonomic discrimination. For instance, Rahayu & 

Ng [13] reported that P. leptosoma was recognized as a 

distinct species due to its ambulatory leg proportions, 

possessing the shortest walking legs among the 

compared taxa [14]. The taxonomic complexity within 

this genus has also been emphasized by Shahdadi et al. 

[15], who suggested that species currently assigned to 

Parasesarma may represent multiple distinct 

evolutionary lineages. Therefore, the phylogeny and 

taxonomic framework of Parasesarma warrant further 

revision and clarification. 

The genus Parasesarma [16] currently includes 

seven species recorded in Vietnam: P. semperi, P. 

eumolpe, P. continentale, P. plicatum, P. biden, P. 

lanchesteri and P. ungulatum  [17-20]. However, many 

species within the genus display considerable external 

similarity, complicating accurate identification [16,18]. 

This is similar to reports of morphological similarities 

or overlaps within the genus Austruca (family 

Ocypodidae), which have led to frequent 

misidentification of species in field reports and 

taxonomic studies [21,22]. Quantitative morphometric 

analysis, therefore, provides a valuable approach to 

resolving taxonomic ambiguities and understanding 

intraspecific variation. 

Despite its ecological and taxonomic relevance, 

quantitative morphometric data on P. eumolpe from the 

Mekong Delta remain scarce. This study aims to analyze 

key morphometric traits and evaluate sexual 

dimorphism and geographical variation in P. eumolpe 

populations from two mangrove forest sites in southern 

Vietnam, thereby providing baseline data for future 

research on taxonomy, sexual dimorphism, and 

ecological adaptation in sesarmid crabs. 

 

Materials and methods 

Study area  

Specimens of P. eumolpe were collected from two 

mangrove forest sites in the Mekong Delta, southern 

Vietnam: Tran De, Can Tho (9°26′21″ N, 106°10′52″ E) 

and Dam Doi, Ca Mau (8°58′27″ N, 105°12′26″ E) 

(Figure 1). Differences in pH and salinity between the 

two sites were also recorded using a Model 950.0100 

PPT-ATC (salinity, %) and a HI98127 pH meter. At 

Tran De, Can Tho, the mean pH was 7.97 ± 0.12 SE, 

while at Dam Doi, Ca Mau, it was 7.07 ± 0.15 SE. 

Similarly, the salinity levels at Tran De, Can Tho and 

Dam Doi, Ca Mau were 21.00 ± 0.58% SE and 31.00 ± 

1.15% SE, respectively. During the field sampling, the 

substrate was observed to differ between sites; 

sediments in Ca Mau were harder and had a higher clay 

content compared to those in Can Tho. However, 

sediment composition was not analyzed in this study. 

These sites represent typical intertidal mudflats 

dominated by Rhizophora apiculata and Avicennia alba 

vegetation. Sampling was conducted once per month 

from August to October 2025, with approximately 30 

individuals collected per site during each sampling 

event.
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Figure 1 Map of sampling sites (1: Dam Doi - Ca Mau, 2: Tran De - Can Tho; modified from Dinh [23]). 

 

Sample collection and preservation 

Crabs were captured manually during low tide on 

the exposed mudflats. A total of 203 individuals were 

collected, comprising 115 from Can Tho and 88 from Ca 

Mau. Species identification followed the diagnostic 

features described by Shahdadi et al. [24], including the 

morphology of the dactylus tuberculation, carapace 

color and shape, and the configuration of clawed teeth 

(Figure 2). All specimens were preserved in 70% 

ethanol and transported to the Animal Laboratory, 

Faculty of Biology Education, Can Tho University for 

morphometric analysis.

 

 

 

Figure 2 Parasesarma eumolpe (De Man, 1895) A: Dorsal surface of dactyl; B: Row of tubercles on dactyl; C: Shape 

and coloration of the carapace (dorsal view); D: Frontal view (carapace); E: Claw (“tooth” region). 

 

 

Morphometric measurements 

Morphometric traits were measured following 

Dao et al. [25]. Six linear dimensions were recorded 

using a digital caliper (Model MOORMW-110-15DIP; 

precision = 0.01 mm (Table 1): Carapace width (CW), 

manus width (MW), pollex width (PW), dactyl width 

(DW). Measurement landmarks are illustrated in Figure 

3. All dimensions were recorded from both left and right 

claws where applicable. 
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Figure 3 Some morphological measurement parameters of P. eumolpe CWLR: Carapace width (left to right); CWRL: 

Carapace width (right to left); MW2: Manus width - smallest; MW3: Manus width - biggest; PW5: Pollex width; DW7: 

Dactyl width. 

 

Table 1 Symbols of selected morphological measurement parameters of P. eumolpe (unit:mm). 

Symbol Definition 

CWRL Carapace width from right to left 

CWLR Carapace width from left to right 

MW2 Manus width _smallest 

MW3 Manus width_biggest 

PW5 Pollex width 

DW7 Dactyl width 

 

Statistical analysis 

Before analysis, data were examined for normality 

and outliers. Carapace width (CW) was modeled using 

a Gaussian identity link generalized linear model 

(GLM), while other morphometric variables were 

modeled using a Gamma log-link GLM with 

standardized CW as a covariate. Two fixed factors (sex 

and site) were included along with their interaction 

(Sex×Site). Pairwise comparisons were tested using 

post-hoc Z-tests with Bonferroni correction, and 

parameter significance was assessed using Wald χ² tests. 

Model performance was evaluated using Akaike 

Information Criterion (AIC) and R² statistics. In 

addition to the univariate models, a Principal 

Component Analysis (PCA) was performed to visualize 

multivariate patterns in the morphometric dataset. All 

analyses were performed using Jamovi v2.6.44. 

Statistical significance was set at p < 0.05 [26]. 

 

Results and discussion 

Variation in morphometric traits by sex and 

locality 

A total of 203 individuals of P. eumolpe were 

analyzed, including 88 specimens from Ca Mau (55 

males and 33 females) and 115 from Can Tho (60 males 

and 55 females). The summary of morphometric 

measurements is presented in Table 2. Mean carapace 

widths (CWLR, CWRL) ranged from 20.02 - 20.08 mm, 

while claw dimensions varied widely, with MW2 
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(minimum manus width) and MW3 (maximum manus 

width) averaging 5.29 and 7.03 mm, respectively. The 

pollex (PW5) and dactyl (DW7) widths averaged 2.92 

and 2.38 mm.

 

Table 2 Results of morphological parameter analysis of P. eumolpe (N = 203, unit:mm). 

Morphological parameter Mean (EMM) SE Median Min Max 

CWLR 20.02 0.20 20.06 13.87 28.77 

CWRL 20.08 0.21 20.06 11.38 29.74 

MW2 5.29 0.12 5.18 2.14 10.95 

MW3 7.03 0.13 6.66 3.65 12.64 

PW5 2.92 0.06 2.80 1.22 5.49 

DW7 2.38 0.05 2.23 1.03 5.58 

 

Statistical analyses revealed significant 

differences in morphometric traits between sexes and 

sampling sites (p < 0.05; Figure 4). Males exhibited 

consistently larger carapace and claw dimensions than 

females, confirming a clear pattern of sexual 

dimorphism in P. eumolpe. Most morphometric traits 

differed significantly between sites, except for dactyl 

width (DW7), which showed no significant variation 

between left and right claws (p = 0.18 and 0.19, 

respectively). 

Specimens from Can Tho had larger carapace 

width (CW) and MW2 values than those from Ca Mau, 

whereas MW3 and PW5 were higher in Ca Mau 

individuals. The ratio MW2/MW3 indicated stronger 

manus development in crabs from Ca Mau, suggesting 

possible habitat-related variation in claw structure. 

Specifically, MW2 and MW3 averaged 5.35 ± 0.10 SE 

mm and 6.33 ± 0.10 SE mm in Can Tho, compared with 

4.64 ± 0.10 SE mm and 7.28 ± 0.13 SE mm in Ca Mau. 

The degree of development in carapace and cheliped 

width may be potentially influenced by variation in 

sediment hardness across the study sites. This pattern 

appears to be broadly consistent with the recorded 

differences in substrate compactness and may suggest a 

behavioral response related to burrowing. In particular, 

chelipeds tend to show more robust development in 

areas with harder sediments, where greater mechanical 

effort is likely required for excavation. Conversely, 

carapace development may be somewhat reduced in 

such environments, possibly due to spatial constraints 

that limit the construction of larger burrows, which 

could, in turn, facilitate more efficient movement and 

rapid retreat when the animals encounter threats.

 

 

Figure 4 Estimated marginal means (EMM ± SE) of morphometric measurements by sex (A) and site (B), as estimated 

from the GLMM model, in which the corresponding factor was treated as a fixed effect and Month was treated as a 

random intercept. CWLR: Carapace width (left to right); CWRL: Carapace width (right to left); MW2: Manus width - 

smallest; MW3: Manus width - biggest; PW5: Pollex width; DW7: Dactyl width. Letters a and b indicate statistically 

significant differences. The suffixes -L and -R denote the left and right claw, respectively. 
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Effects of sex and locality on carapace width 

Generalized Linear Mixed Model (GLMM) results 

(Table 3) showed that carapace width was significantly 

influenced by both sex and locality, but not by their 

interaction. Male carapace widths were greater than 

female widths (Sex: p < 0.05), while specimens from Ca 

Mau were significantly smaller than those from Can Tho 

(p < 0.001). The absence of a significant interaction 

(Sex×Site, p > 0.05) suggests that the degree of sexual 

dimorphism in carapace width remains consistent 

between sites. These findings suggest that 

environmental factors, such as sediment type or salinity, 

may influence overall body size, while sex-specific 

dimorphism remains stable across different habitats.

 

Table 3 Results of the GLMM model for factors affecting carapace width by sex, site, and the interaction between 

Sex×Site. 

Dependent 

variable 
R² χ² (df=3) p Factor χ² (df=1) p β (SE) 95% CI 

CWLR 0.29 473.43 < 0.001 Sex 5.93 0.02 0.84 (0.35) (0.16, 1.52) 

    Site 75.57 < 0.001 −3.00 (0.35) (−3.68, −2.33) 

    Sex × Site 0.39 0.53 −0.43 (0.69) (−1.79, 0.92) 

CWRL 0.31 562.44 < 0.001 Sex 4.69 0.03 0.78 (0.36) (0.07, 1.49) 

    Site 82.93 < 0.001 −3.30 (0.36) (−4.01, −2.59) 

    Sex × Site 0.38 0.54 −0.44 (0.73) (−1.86, 0.98) 

Note: CWLR: Carapace width from left to right; CWRL: Carapace width from right to left; R²: Coefficient of 

determination; χ²: Chi-square test value with degrees of freedom (df); p: Level of statistical significance; SE: Standard 

error; 95% CI: 95% confidence interval. 

 

Effects of sex, locality, and body size on manus 

width 

As shown in Table 4, both MW2 and MW3 were 

significantly affected by sex, locality, and carapace 

width (CW). Sex had a strong positive effect (p < 0.001), 

indicating that males possess wider manus than females. 

Locality also significantly influenced (p < 0.001), 

reflecting geographic variation in claw morphology. 

Carapace width was positively correlated with both 

MW2 and MW3 (p < 0.001), confirming that larger 

crabs tend to have proportionally larger claws. The 

interaction term (Sex×Site) was not significant (p > 

0.05), suggesting that the sexual dimorphism in manus 

width is consistent across both study sites.

 

Table 4 Results of the GLMM model for factors affecting the minimum (MW2) and maximum (MW3) manus width by 

sex, site, and carapace width (CW). 

Dependent 

variable 
R² AIC Factor χ² (df=1) p β (SE) 95% CI 

MW2 0.69 526.83 Sex 117.16 < 0.001 0.28 (0.03) (0.23, 0.33) 

   Site 24.25 < 0.001 −0.14 (0.03) (−0.20, −0.09) 

   CW 131.18 < 0.001 0.06 (0.01) (0.05, 0.07) 

   Sex × Site 1.64 0.20 0.06 (0.05) (−0.03, 0.16) 

MW3 0.69 587.81 Sex 173.93 < 0.001 0.28 (0.02) (0.24, 0.33) 

   Site 32.95 < 0.001 0.14 (0.02) (0.09, 0.19) 

   CW 198.06 < 0.001 0.01 (0.00) (0.05, 0.07) 

   Sex × Site 2.58 0.11 0.07 (0.04) (−0.02, 0.15) 

Note: MW2 and MW3 represent the smallest and biggest manus widths; R² is the coefficient of determination; AIC 

(Akaike Information Criterion) is the Akaike information criterion; χ² is the Chi-square test value with degrees of freedom 

(df); p is the level of statistical significance; β is the estimated coefficient with standard error (SE); 95% CI is the 95% 

confidence interval; CW is carapace width. 
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These results highlight that manus width increases 

allometrically with carapace width, consistent with 

sexual selection favoring stronger claws in males, as 

previously documented in other sesarmid species such 

as P. longicristatum [27]. 

 

 

 

 

 

Effects of sex and locality on pollex and dactyl 

width 

GLMM results for pollex width (PW5) and dactyl 

width (DW7) are presented in Table 5. Both traits were 

significantly influenced by sex and carapace width (p < 

0.001). Males had wider pollex and dactyl dimensions 

than females, supporting the presence of sexual 

dimorphism in claw morphology. Carapace width had a 

strong positive effect (p < 0.001), emphasizing the 

relationship between overall body size and claw 

dimensions.

 

Table 5 Results of the GLMM model for factors affecting pollex width (PW5) and dactyl width (DW7) of the claw by 

sex, site, and carapace width (CW). 

Dependent 

variable 
R² AIC Factor χ²(df=1) p β (SE) 95%CI 

PW5 0.64 278.37 Sex 154.79 < 0.001 0.30 (0.02) (0.26, 0.35) 

   Site 6.53 0.01 0.07 (0.03) (0.02, 0.13) 

   CW 136.50 < 0.001 0.06 (0.01) (0.05, 0.07) 

   Sex × Site 3.46 0.06 0.09 (0.05) (−0.01, 0.18) 

DW7 0.64 217.62 Sex 65.01 < 0.001 0.23 (0.03) (0.18, 0.29) 

   Site 1.76 0.19 −0.04 (0.03) (−0.11, 0.02) 

   CW 129.77 < 0.001 0.07 (0.01) (0.05, 0.08) 

   Sex × Site 4.93 0.03 0.13 (0.06) (0.02, 0.24) 

Note: PW5 and DW7 represent the pollex width and dactyl width of the claw, respectively; R² is the coefficient of 

determination; AIC (Akaike Information Criterion) is the Akaike information criterion; χ² is the Chi-square test value 

with degrees of freedom (df); p is the level of statistical significance; β is the estimated coefficient with standard error 

(SE); 95% CI is the 95% confidence interval; CW is carapace width. 

 

Locality moderately affected PW5 (p = 0.01) but 

not DW7 (p = 0.19), indicating that pollex width varied 

slightly among populations, while dactyl width 

remained relatively stable. The interaction GT×Site was 

significant for DW7 (p = 0.03) but not PW5 (p = 0.06), 

suggesting that dactyl dimorphism between sexes may 

vary with habitat conditions. This pattern may reflect the 

environmental modulation of claw development and 

may be linked to sediment hardness or mating 

competition intensity. 

Sexual dimorphism in P. eumolpe parallels 

patterns observed in P. longicristatum, where males also 

exhibit larger claws relative to body size [27]. However, 

unlike P. longicristatum, which showed no significant 

sexual difference in carapace width, P. eumolpe 

exhibited dimorphism in both body and claw 

dimensions. Within Sesarmidae, species such as Aratus 

pisonii and Armases rubripes display sexual 

dimorphism in carapace shape and size. A. pisonii 

expresses dimorphism before molting, whereas A. 

rubripes shows it after molting [28]. These comparisons 

suggest that the timing of molt and maturation may 

influence the expression of dimorphism in P. eumolpe, 

warranting further investigation into growth and 

reproductive stages in this species. 

 

Correlation among morphometric traits 

Regression analyses revealed strong positive 

correlations between carapace width (CWLR, CWRL) 

and claw dimensions (MW2, MW3, PW5, DW7) in P. 

eumolpe from both localities (Figures 5 - 8). 
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Figure 5 Allometric relationships (log scale) between carapace width and other morphological dimensions of the left 

claw of Parasesarma eumolpe from Ca Mau (N = 88; A: Relationship between CWLR and MW2; B: CWLR and MW3; 

C: CWLR and PW5; D: CWRL and DW7; E: CWRL and MW3; F: PW5 and DW7; G: CWRL and MW2; H: CWRL and 

MW3; I: CWRL and PW5; K: CWRL and DW7; and L: CWLR and CWRL; Gamma-log regression line ± 95% CI). 

 

At Ca Mau (N = 88), high R² values, particularly 

between CWLR and MW3, PW5, and DW7, indicated a 

tight integration between body size and claw structure. 

Correlations among claw components were also high 

(R² = 0.60 - 0.80), particularly between MW2 and MW3, 

and between PW5 and DW7, demonstrating coordinated 

growth among claw parts. Interestingly, left claws 

exhibited slightly stronger correlations with carapace 

width than right claws, suggesting possible 

lateralization in claw function.
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Figure 6 Allometric relationships (log scale) between carapace width and other morphological dimensions of the right 

claw of Parasesarma eumolpe from Ca Mau (N = 88; A: Relationship between CWLR and MW2; B: CWLR and MW3; 

C: CWLR and PW5; D: CWLR and DW7; E: MW2 and MW3; F: PW5 and DW7; G: CWRL and MW2; H: CWRL and 

MW3; I: CWRL and PW5; and K: CWRL and DW7; Gamma-log regression line ± 95% CI). 

 

Similar positive correlations were found at Can 

Tho (N = 115), though with lower coefficients (R² = 

0.30 - 0.39). Relationships among claw components 

(MW2-MW3 and PW5-DW7) remained strong (R² > 

0.60), but correlations between claw and carapace size 

were more stable yet weaker than those in Ca Mau. This 

may indicate environmental influences, such as 

hydrodynamics, substrate type, or prey availability, 

affecting allometric growth differently between sites. 

Overall, both populations exhibited consistent 

allometric relationships between body and claw 

dimensions, but variation in correlation strength 

suggests localized environmental modulation of 

morphological integration. The strong allometric 

relationships among morphometric traits indicate that 

claw growth in P. eumolpe is closely linked to overall 

body size, a pattern consistent with adaptive 

development under ecological and sexual selection 

pressures. The larger and more robust claw in males 

likely confers advantages in mate competition, 

territorial defense, and burrow excavation—key 

behaviors for mangrove-dwelling sesarmid crabs 

[27,29].
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Figure 7 Allometric relationships (log scale) between carapace width and other morphological dimensions of the left 

claw of Parasesarma eumolpe from Can Tho (N = 115; A: Relationship between CWLR and MW2; B: CWLR and MW3; 

C: CWLR and PW5; D: CWLR and DW7; E: MW2 and MW3; F: PW5 and DW7; G: CWRL and MW2; H: CWRL and 

MW3; I: CWRL and PW5; and K: CWRL and DW7; Gamma-log regression line ± 95% CI). 

 

However, the relatively lower correlation 

coefficients between carapace and claw sizes (R² = 0.30 

- 0.48 in some cases) suggest that environmental 

heterogeneity may constrain or modulate morphological 

growth. Differences between the sites, particularly in 

manus and pollex dimensions, may reflect adaptation to 

varying sediment textures or habitat stability. Compared 

to other sesarmid crabs such as P. longicristatum, A. 

pisonii, and A. rubripes, P. eumolpe exhibits a broader 

range of morphometric plasticity [29]. This plasticity 

may represent an adaptive advantage in fluctuating 

mangrove environments, where competition and 

resource availability vary seasonally. Future studies 

integrating molecular data and ontogenetic analyses are 

recommended to clarify the developmental and genetic 

bases of these morphological variations [27].
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Figure 8 Allometric relationships (log scale) between carapace width and other morphological dimensions of the right 

claw of Parasesarma eumolpe from Can Tho (N = 115; A: Relationship between CWLR and MW2; B: CWLR and MW3; 

C: CWLR and PW5; D: CWLR and DW7; E: PW5 and DW7; F: MW2 and MW3; G: CWRL and MW2; H: CWRL and 

MW3; I: CWRL and PW5; and K: CWRL and PW5; Gamma-log regression line ± 95% CI). 

 

The PCA indicated noticeable morphological 

differentiation by sex and sampling site. In Figure 9(A), 

male and female individuals formed two partially 

overlapping clusters, with a discernible tendency to 

separate along Dim1, which explained 76% of the total 

variation. The variables contributing most strongly to 

Dim1 were CWLR, CWRL, and several cheliped 

measurements (MW2, MW3, PW5, DW7), suggesting 

that variation in carapace and cheliped dimensions is the 

primary factor associated with sex-related differences. 

Male individuals were distributed more toward the 

positive end of Dim1, corresponding to larger carapace 

and cheliped measurements, whereas females tended to 

cluster in the negative Dim1 region. In Figure 9(B), 

differences between sampling sites were also 

observable, although the separation was less distinct 

than that observed between sexes. Specimens from Can 

Tho generally shifted toward positive Dim1 values, 

aligning with higher CWLR and CWRL scores, while 

individuals from Ca Mau tended to occupy the negative 

Dim1 range, where cheliped-related traits (e.g., MW3, 

PW5) contributed more strongly. The notable 

contributions of both carapace and cheliped variables to 

the principal components suggest a coordinated pattern 

of morphological variation among traits. Although some 

overlap persisted between groups in both analyses, 

indicating continuous morphological variation, the 

overall clustering tendencies were consistent with 

patterns detected by the GLMM results, which identified 

statistically significant differences across sex and site. 
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Figure 9 Principal Component Analysis (PCA) of morphometric data by sex and sampling site (A: PCA biplot showing 

the distribution of male (M) and female (F) individuals based on morphometric variables; B: PCA biplot showing the 

distribution of specimens from Can Tho ((CT) and Ca Mau (CM)). 

 

Conclusions 

This study demonstrated apparent morphometric 

variation and sexual dimorphism in P. eumolpe across 

two mangrove forest sites in the Mekong Delta. Males 

exhibited larger overall body and claw dimensions than 

females, reflecting pronounced sexual dimorphism 

within the species. Environmental influences were 

evident, with individuals from Ca Mau showing greater 

manus and pollex widths, whereas those from Can Tho 

had wider carapaces. The strong positive correlations 

between carapace width and claw components indicate 

coordinated allometric growth and suggest functional 

integration between body size and claw development, 

likely associated with mating behavior, competition, and 

ecological adaptation. Multivariate patterns revealed 

through PCA further supported these trends, showing 

consistent clustering by sex and sampling site. The 

present findings provide baseline quantitative data for 

species identification and comparative taxonomy within 

the genus Parasesarma. They also contribute to 

understanding the functional morphology and 

ecological adaptation of sesarmid crabs inhabiting 

tropical mangrove ecosystems. Future studies 

incorporating molecular, developmental, and 

environmental approaches are recommended to 

elucidate the genetic basis and adaptive mechanisms 

underlying sexual dimorphism and morphological 

plasticity in P. eumolpe and related sesarmid species in 

Vietnam. 
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