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Abstract

:

Morphometric disparities were employed to characterize the geographical variations in and elucidate the phylogeography of Portunus sanguinolentus in East Asia. In this study, a comprehensive assessment was undertaken based on measurements from 833 individual crabs. These crabs were sampled from eight distinct locations, namely Kyushu (KS), Fuzhou (FZ), Yilan (YL), Xiamen (XM), Tainan (TN), Hong Kong (HK), Vietnam (VN), and Singapore (SG). Twelve morphometric measurements were standardized based on size using the allometric method. A cluster analysis and a canonical variate analysis (CVA) were then conducted for a data analysis. Randomization tests were subsequently performed to validate the morphometric differences observed among the groups. The analytical results classified the eight sampled populations into at least two distinct clusters. The first cluster included three samples from China (specifically FZ, XM, and HK), while the second cluster consisted of samples from East Asia (including KS, YL, TN, VN, and SG). The CVA revealed a tripartite division into three groups: the mainland China group (FZ, XM, and HK), the Kuroshio group (KS, YL, and TN), and the Southeast Asia group (VN and SG). The observed morphometric variations between these broad groups were statistically significant for both genders. These differences may be attributed to evolutionary origins, geographical events, or environmental adaptations. This study highlights the effectiveness of morphometric techniques in providing comprehensive insights into species delimitation and philogeographic relationships.
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1. Introduction


In the management of fishery resources, it is imperative to delineate the population structure of exploited species [1]. Variations in morphological characteristics can serve as an analytical tool to investigate the distinctions among geographically disparate populations; this methodology has also been employed to ascribe various genetic configurations or environmental circumstances to individual geographic locales [2]. Prior investigations have evidenced that fluctuations in environmental conditions precipitate alterations in population organization, encompassing morphological heterogeneity [3,4,5,6,7,8,9,10,11]. From a historical standpoint, methodical observations have elucidated that geographical phenomena wield a more substantial impact on the dispersal patterns of marine species relative to their terrestrial analogs [12]. Scrutiny of the genetic architecture of marine biota has recurrently underscored that taxa possessing advanced dispersal properties evince confined genetic differentiation over extensive geographical expanses [13,14,15]. Such scholarly investigations advocate that the genesis of morphological incongruities can be attributed to the interplay of gene flow between discrete populations. The morphological attributes of organisms do not function in isolation; alterations in various facets of form are interconnected and synchronized [16]. Consequently, unless there’s a clear genetic basis for a particular morphometric measure, using multivariate methods is recommended to accurately represent morphology [17]. A substantial proportion of the fluctuation within a collection of multivariate indicators is attributable to size [18,19,20]. Hence, shape analyses should be conducted independently of size to circumvent a potential misapprehension of findings [21]. A gamut of univariate and multivariate techniques, encompassing regression analysis and multiple group principal component analysis (MGPCA), may be engaged to negate the influence of size. Such allometric methodologies have been proven competent in facilitating the bifurcation of size and shape, thereby maintaining the integrity of statistical postulations [22].



The species Portunus sanguinolentus (Herbst, 1783), belonging to the family of swimming crabs, exhibits a substantial range across the Indo-West Pacific region, encompassing territories such as East Africa, Madagascar, the Red Sea, India, China, Japan, the Philippines, Thailand, Malaysia, Singapore, Indonesia, and Australia [23,24]. A multitude of previous investigations have delved into the population biology of swimming crabs [25,26,27,28]. Notwithstanding, within the domain of swimming crabs, the studies specifically focusing on P. sanguinolentus remain relatively scant [29,30].



Some research has explored various aspects of P. sanguinolentus, encompassing the areas of classification [23,24,31], maturation phases [32], reproductive biology [33,34], and embryogenesis [35]. The understanding of P. sanguinolentus populations in East Asian marine environments [36,37,38,39], nevertheless, remains insufficient. Furthermore, a decrease in the harvests of this economically significant crab has been observed in recent periods [40].



P. sanguinolentus, a relatively expansive portunid crab, has been found in varying sizes across different regions. This species plays a vital role in the trophic dynamics and biodiversity of coastal ecosystems, as well as in the livelihoods and food security of local communities that depend on its fisheries. However, despite its ecological and economic importance, comprehensive studies on P. sanguinolentus are scarce, especially in East and South Asia, where its populations have been declining due to overexploitation, habitat degradation, and climate change. Understanding the morphological variation and population structure of P. sanguinolentus in this region is crucial for developing effective conservation and management strategies that account for its genetic diversity and adaptive potential. However, morphological variation can be influenced by both genetic and environmental factors, making it challenging to infer population boundaries and evolutionary relationships based solely on morphometric measurements. Therefore, multivariate statistical techniques that can separate size and shape effects, as well as account for spatial and temporal variations, are needed to provide reliable insights into the population differentiation of this species. Such variations in sex ratios may be ascribed to disparities in mortality rates, sex-differentiated habitat preference, or potential unisexual migration [41,42,43,44,45,46]. The depth and specific physical characteristics of the sampling location could also affect the sex distribution of captured P. sanguinolentus, leading to the documented discrepancies in sex ratios. In alignment with other marine portunid species, female P. sanguinolentus are found to favor higher salinity environments compared to males and are frequently located in more profound depths [33]. During the reproductive season, egg-bearing females may also migrate to more shallow waters in pursuit of sandy terrain conducive to the egg extrusion process. Demographic attributes, inclusive of growth and mortality parameters, are imperative to the formulation of efficacious management strategies. Thus, the objective of the present research endeavor is to undertake a comparative analysis of size-independent morphological forms of distinct geographical populations of swimming crabs in the East China Sea and the South China Sea. The utilization of multivariate statistical methodologies will facilitate the explication of the population architecture of this particular species.




2. Materials and Methods


2.1. Sample Collection


Eight distinct samples were procured from varied geographical regions, encompassing Kyushu in Japan (KS), Fuzhou (FZ), Xiamen (XM), and Hong Kong (HK) in China, Yilan (YL) and Tainan (TN) in Taiwan, Hanoi in Vietnam (VN), and Singapore (SG), within the time frame extending from April 2020 to February 2022 (refer to Figure 1). The crab specimens were captured utilizing specialized cage traps, and subsequent to the retrieval, the sex of each specimen was meticulously ascertained, leading to the appropriate segregation of the individuals. All measurements were conducted under fresh conditions, maintaining the integrity of the specimens.



In the context of the present study, the ranges of carapace widths for the sampled specimens were confined to designated length classifications. An encompassing summary, detailing the sample size, designated sampling area codes, and the mean and range of the carapace lengths, is articulated in Table 1. Overall, this study involved precise measurements of 833 individual crabs, with each measurement rounded to the nearest 0.01 mm for accuracy.



A total of twelve morphometric parameters were systematically assessed for every individual crab (as illustrated in Figure 2). These parameters included the carapace width (CW), carapace length (CL), frontal teeth (CP1), right anterolateral margin (CP2), right posterolateral margin (CP3), posterior margin (CP4), left posterolateral margin (CP5), left anterolateral margin (CP6), the length of the 5th pleomere (AB3L), the right-side length of the 5th pleomere (AB3RL), the left-side length of the 5th pleomere (AB3LL), and the width of the 5th pleomere (AB3W) [47,48].




2.2. Morphometric Variation Analyses


The allometric relationship, denoted by the equation Y = aXb, was employed to neutralize the influence of variations in carapace length (X) on the corresponding characteristic length (Y) within each individual sample [4,14,15,22,49,50]. In this equation, Y is the dependent variable, X is the independent variable (CW), a is the intercept on the y axis, and b is the regression coefficient (slope), which indicates the growth rate of the body part analyzed. This mathematical formulation serves to standardize all pertinent characteristics in accordance with Equation (1):


    Y   i   *   =   Y   i           X   i       X  ¯        b    



(1)




where     Y   i   *     represents the standardized measured length of the ith specimen;   Y i   denotes the measured length of the ith specimen. Xi refers to the measured carapace length of the ith specimen, and     X i  ¯    represents the average value of the carapace lengths observed in the specimens analyzed. The correlation coefficients between each respective pair of characteristics were examined both prior and subsequent to the elimination of the size effect. In such a scenario, it is anticipated that the magnitude of the correlation coefficients would exhibit a reduction following the removal of the size effect [51]. Subsequent analyses employed both a canonical variate analysis (CVA) and the unweighted pair-group method with arithmetic means (UPGMA) on the resultant measurements. A hierarchical clustering analysis, culminating in a dendrogram encompassing eight specific samples, was meticulously executed employing the UPGMA. This approach incorporated the application of Mahalanobis distances ascertained between the centroids of various populations to facilitate a comprehensive evaluation of the similarity metrics underlying the samples in question [10,11,14,15,20,52,53]. The preference for the Mahalanobis distance as the metric of choice was justified by its inherent property of invariance with respect to discrepancies in variable scaling [54].



Furthermore, the canonical variate analysis (CVA)—a sophisticated linear ordination methodology—was systematically employed to enable distinction amongst the samples. The determination of the canonical vectors was predicated on the formulation of linear coefficients, ascertained through the maximization of the ratio juxtaposing inter-group to intra-group variance [10,11,14,15,20,55]. Subsequent to the execution of the CVA, a graphical representation was constructed by plotting the primary pair of canonical scores. This plot was further complemented with the illustration of 95% confidence ellipses, circumscribing the mean of each individual sample, thereby providing a visual affirmation of the confidence levels associated with the observed samples [3,4,55,56]. In order to assess the statistical significance pertaining to the morphometric disparities observed between different groups, elucidated through the application of the cluster analysis and canonical variate analysis (CVA), a methodical randomization test was conducted [6,56,57]. Within this process, all specimens were stochastically assigned to one of two distinctive groups. Subsequently, the newly constituted dataset was subjected to rigorous scrutiny utilizing a multivariate discriminant analysis, resulting in the estimation of the cross-validation estimator (Pc) [57]. This specific estimator quantifies the proportion of individuals that have been misclassified.



Resampling was executed iteratively, 5000 times in total, with each instance incorporating a unique random permutation in the analysis. The randomization test’s efficacy in evaluating the statistical significance of the misclassification rate was hinged on juxtaposing the proportion of misclassified individuals (Po) in the original dataset with the corresponding proportion (Pc) in each randomized dataset. The cumulative proportion (P) reflecting the observed Pc that was less than or equal to Po was subsequently computed. The resulting p-value offers interpretative alignment with conventional significance testing paradigms: a p-value less than 5% provides indicative evidence of significant morphometric differentiation between the two groups, while a p-value less than 1% furnishes robust evidence underscoring the statistical significance of the observed morphometric differences [57]. All analytical procedures encompassed within the present study were meticulously performed utilizing Statistical Analysis System software by SAS 9.4 [58].





3. Results


The intercorrelations existing between specific features, both prior and subsequent to the neutralization of size effects, are detailed in Table 2. The majority of these correlation coefficients manifested as highly significant prior to the attenuation of size effects, undergoing a marked reduction in significance following said removal. Consequently, it could be inferred that the dataset employed in subsequent analyses remained largely unimpacted by the aforementioned size effects. Hierarchical clustering representations, delineated by dendrograms for both female and male categories across the eight samples, are depicted in Figure 3 and Figure 4. The clustering patterns elucidated for females and males were found to be strikingly congruent. Specifically, the clustering process culminated in the bifurcation of the eight samples into two distinct clusters. The first cluster encapsulated all the samples originating from the Kuroshio groups, denoted as KS, YL, TN, VN, and SG. Conversely, the second cluster comprised samples from the China groups, namely, FZ, XM, and HK. Further subdivision within the Kuroshio groups revealed the emergence of subgroups, notably including VN and SG. This analytical framework, therefore, enabled the identification of no fewer than two distinct clusters amongst the eight sampled groups. Regarding the canonical variate analysis (CVA) for each gender, the primary and secondary eigenvectors, along with the corresponding proportions of total variance elucidated by the first two eigenvalues, are systematically tabulated in Table 3. The abdomen growth rates (slope = b) differed among females of the two populations. The results of this study show that, in East Asia populations, the abdomen growth rates of the females in the Kuroshio groups (b = 1.76) and mainland China groups (b = 1.59) were greater than those of the males; among the Kuroshio groups, the rate observed in the Kuroshio subgroup was b = 1.71 for adult females (p < 0.001).



An overwhelming majority of the total variance was attributable to the first two canonical variables for both the females and males. Specifically, the initial eigenvalue elucidated 60% and 53% of the cumulative variance for the females and males, respectively, while the subsequent eigenvalue accounted for 22% and 27% of the total variance for the respective genders. Measurements of paramount importance in the first and second eigenvectors were characterized by CP1 (0.94) and AB3RL (0.94), and AB3W (0.96) and AB3LL (0.92) for the females and males, respectively.



A graphical representation delineating 95% confidence ellipses encircling the means of the first two canonical scores for both genders is presented in Figure 5. The analytical outcomes for both the females and males were markedly analogous, leading to the clustering of the eight samples into no fewer than two distinct groups. The Kuroshio group incorporated five samples, specifically KS, YL, TN, VN, and SG, while the China group encompassed three samples, namely FZ, XM, and HK. Subsequent to the comprehensive cluster analysis and CVA, the specimens originating from the KS, YL, TN, VN, and SG samples (collectively referred to as the Kuroshio group, KG) and those from the FZ, XM, and HK samples (collectively designated as the mainland China group, MCG) were separately aggregated into two discrete datasets for each gender. This synthesis facilitated a more granular exploration of the underlying patterns and relationships within the data.



The Po values between the mainland China groups and the Kuroshio groups, and between the mainland China groups and the Southeast Asia groups for females were 0.11 and 0.16, respectively (Figure 6a–c). The Po values between the mainland China groups and the Kuroshio groups, and between the mainland China groups and the Southeast Asia groups for males were 0.01 and 0.05, respectively (Figure 6d–f). The results of the randomization tests all yielded a significant outcome (p = 0), suggesting that the exceptionally low misclassification rates were unlikely to be solely attributed to chance. Furthermore, the observed morphometric differences among the three groups were found to be significant.




4. Discussion


In this research, the first eigenvalues explained a diverse variance. This significant proportion of variance accounted for by the first eigenvalues emphasizes the compatibility of the multivariate allometry model with our dataset, referencing [59]. While allometric analyses shed light on evolutionary alterations in growth trajectories and character covariation patterns [60], their capacity to discern genetic variations among populations is perceived as less potent than shape analyses [61]. Nonetheless, allometry’s heritability is comparable to shape [62], suggesting that insights from allometric and shape analyses might be congruent. Such comparisons can, therefore, offer additional perspectives on population structure. However, one must be cautious, given that both genetic and environmental elements influence growth [63], making it challenging to attribute allometric patterns exclusively to heterochronic processes [60]. Morphometric research offers valuable perspectives into marine stock differentiation [2]. Yet, morphometric variations can stem from both genetic and environmental factors [53], potentially indicating genetic divergences between stocks or environmental discrepancies across sites. While [64] contends that genetic evidence should validate stock identification based on morphometrics, ref. [65] advocates for morphometric-based discrimination in fisheries management, even in the absence of genetic underpinnings. The randomization test outcomes firmly reject the proposition that the notably low misclassification rate in the initial dataset arose purely from stochastic anomalies. These results underscore the improbability of such a rate emerging randomly, unveiling pronounced morphological disparities among three identified groups. Historically, populations within species have been gauged through morphological metrics [7,8,9,10,66]. Aligning with this principle, our findings strongly indicate the existence of three distinct P. sanguinolentus populations in East and South Asia, distinguished morphologically.



In marine population assessments, morphological evaluations are instrumental in discerning between groups. Yet, challenges such as sexual dimorphism, sampling intervals, and allometric growth can introduce complexities [2,7,8,9,10,11]. This investigation took rigorous measures to address these variabilities, standardizing size, synchronizing sample collections, and introducing gender-based statistical assessments. While the emphasis on specific length ranges could potentially neglect intrinsic variations [67], the consistent carapace lengths across samples rendered this limitation inconsequential. It’s imperative to adjust for size dependencies in morphological studies, ensuring accurate conclusions [6,10,14,66,67,68,69]. While this research adeptly addressed size discrepancies through allometric transformations, enhancing the credibility of our findings, it is imperative to acknowledge certain limitations. Notably, the study lacked molecular analyses, and samples were procured during a single sampling event for each locality, among other potential constraints.



Lastly, marine currents play a cardinal role in species distribution [70]. Specifically, the Kuroshio Current, with its branches permeating the Taiwan Strait and flowing towards Japan, dictates the aquatic environment in sampled areas. These regions bear the signature of the interplay between Kuroshio and South China Sea water masses, emphasizing the intricate factors governing marine species distribution and diversification in these locales. The mixing of distinct water masses likely creates environmental heterogeneity that could drive localized adaptation. Elucidating genetic connectivity and barriers between populations inhabiting areas influenced by different currents could reveal key insights into how marine dynamics shape genetic structure. Furthermore, examining morphological variation along current-mediated environmental gradients could uncover patterns linked to selection pressures. A detailed understanding of how circulation features like the Kuroshio Current impact population differentiation will be integral to unraveling the drivers of biodiversity across this species’ range.




5. Conclusions


The exploration into the morphometric variations in P. sanguinolentus has indeed unraveled intricate details about its stock structure in the East Asia region. The multi-variate statistical techniques employed have unearthed layers of differentiation, leading to the identification of diverse stocks and subgroups. This variation suggests that, over time, distinct ecological niches, coupled with evolutionary pressures, have given rise to the present-day morphological divergences. A striking takeaway from this research is the undeniable influence of marine currents in the shaping and maintenance of these variations, acting as barriers to or facilitators of genetic flow. The marked distinction between the Kuroshio (KG) and mainland China (MCG) samples underlines the importance of understanding regional marine dynamics in species distribution studies. Furthermore, the pronounced disparities within the Kuroshio groups, especially between SG and VN specimens, raise queries about possible micro-environmental adaptations or historically separated lineages. The profound differences highlighted between subgroups could also suggest a response to local environmental pressures, such as specific prey availability, predator evasion tactics, or reproductive strategies tailored to different habitat niches. Therefore, while this study has illuminated a portion of the intricate tapestry of P. sanguinolentus’ population structure, it inevitably raises additional questions regarding the multifaceted interactions of genetics, environment, and evolution. In light of these findings, future research should delve deeper into the genomic landscape of these populations, employing cutting-edge molecular techniques. This endeavor will not only refine the intricacies of morphological variations but will also offer insights into adaptive strategies, enhancing conservation and sustainable management efforts for P. sanguinolentus in the region. Further studies could examine gene flow between populations and reconstruct phylogenetic relationships to better understand the evolutionary history of this species across its range. Analyses of genetic diversity within and between populations could reveal patterns related to environmental adaptation and connectivity.
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Figure 1. Sampling localities of Portunus sanguinolentus in East Asia. 
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Figure 2. Diagram of Portunus sanguinolentus showing the body parts measured. This study independently created the morphological diagrams of crabs. 
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Figure 3. Dendrogram for eight sampling areas for female data set, Kuroshio groups (KG), mainland China groups (MCG), and Kuroshio subgroups (KSG). 
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Figure 4. Dendrogram for eight sampling areas for male data set, Kuroshio groups (KG), mainland China groups (MCG), and Kuroshio subgroups (KSG). 
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Figure 5. Plot of 95% confidence ellipses around sample from (A) female and (B) male distributions and group means of first three canonical scores of the Kuroshio groups (KG), mainland China groups (MCG), and Kuroshio subgroups (KSG). 
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Figure 6. Frequency distribution of 1000 misclassification rate (Pc) estimated from (a) the Kuroshio groups (KG) for females, (b) the mainland China groups (MCG) for females, (c) the Kuroshio subgroups (KSG) for females, (d) the Kuroshio groups (KG) for males, (e) the mainland China groups (MCG) for males, (f) the Kuroshio subgroups (KSG) for males. P, proportion of Pc < Po among 1000 permutations; Po, misclassification rate estimated from the original dataset. 
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Table 1. Sampling station codes for male and female Portunus sanguinolentus specimens collected in Taiwan.
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Area Code

	
Sampling Station

	
n

	
Sex

	
Sampling Date

	
CW (mm)




	
Mean (SD)

	
Range






	
KS

	
Kyushu

	
58

	
F

	
October 2021

	
102.44 (11.17)

	
83.23–119.47




	
55

	
M

	
109.96 (10.99)

	
78.61–127.14




	
FZ

	
Fuzhou

	
55

	
F

	
October 2021

	
101.86 (7.88)

	
89.15–122.86




	
45

	
M

	
105.91 (10.16)

	
81.86–125.69




	
YL

	
Yilan

	
53

	
F

	
January 2022

	
108.37 (11.61)

	
89.15–127.97




	
52

	
M

	
116.22 (11.86)

	
84.21–136.19




	
XM

	
Xiamen

	
50

	
F

	
January 2022

	
102.67 (11.69)

	
89.15–141.36




	
50

	
M

	
109.61 (10.50)

	
84.21–129.30




	
TN

	
Tainan

	
53

	
F

	
January 2022

	
113.74 (5.82)

	
103.17–127.65




	
49

	
M

	
111.57 (7.35)

	
95.43–131.16




	
VN

	
Vietnam

	
50

	
F

	
January 2022

	
112.59 (9.64)

	
134.92–97.23




	
46

	
M

	
109.96 (8.14)

	
96.46–130.62




	
HK

	
Hongkong

	
56

	
F

	
December 2021

	
107.72 (9.25)

	
80.79–122.69




	
56

	
M

	
110.34 (13.20)

	
92.49–145.48




	
SG

	
Singapore

	
55

	
F

	
January 2022

	
119.53 (10.31)

	
89.76–136.31




	
50

	
M

	
120.50 (14.30)

	
100.75–158.47











 





Table 2. Correlation coefficients between characteristics, before and after the removal of the size effect, are respectively shown below and above the diagonal.
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(A) Female

	

	

	

	

	

	

	

	

	

	




	
Variable

	
CL

	
CP1

	
CP2

	
CP3

	
CP4

	
CP5

	
CP6

	
AB3L

	
AB3RL

	
AB3LL

	
AB3W






	
CL

	

	
−0.848

	
0.555

	
0.728

	
−0.644

	
−0.786

	
0.931

	
−0.253

	
0.205 **

	
−0.164 **

	
−0.849 **




	
CP1

	
−0.692 **

	

	
−0.803 **

	
−0.786 **

	
0.686 **

	
0.662 **

	
−0.951

	
0.52

	
0.166 **

	
0.492 **

	
0.769 **




	
CP2

	
0.638 **

	
−0.539 **

	

	
0.628 **

	
−0.378 **

	
−0.378 **

	
0.758

	
−0.443

	
−0.277 **

	
−0.496 **

	
0.041




	
CP3

	
0.780 **

	
−0.514 **

	
0.766 **

	

	
−0.092

	
−0.529 **

	
0.807

	
−0.394

	
−0.635 **

	
−0.398 **

	
−0.603 **




	
CP4

	
−0.140 **

	
0.604 **

	
0.127 **

	
−0.005

	

	
0.682 **

	
−0.66

	
0.527

	
0.231 **

	
0.496 **

	
0.724 **




	
CP5

	
−0.136 **

	
0.553 **

	
0.231 **

	
0.201 **

	
0.773 **

	

	
0.021

	
0.408

	
−0.706 **

	
0.333 **

	
0.858 **




	
CP6

	
0.929 **

	
−0.745 **

	
0.834 **

	
0.862 **

	
−0.114 *

	
−0.020

	

	
−0.36

	
−0.441 **

	
−0.330 **

	
−0.789 **




	
AB3L

	
0.243 **

	
0.406 **

	
0.226 **

	
0.285 **

	
0.721 **

	
0.708 **

	
0.207 **

	

	
0.823 **

	
0.897 **

	
0.509 **




	
AB3RL

	
0.541 **

	
0.136 **

	
0.365 **

	
0.501 **

	
0.558 **

	
0.562 **

	
0.474 **

	
0.917 **

	

	
0.866 **

	
0.081




	
AB3LL

	
0.319 **

	
0.359 **

	
0.225 **

	
0.316 **

	
0.694 **

	
0.678 **

	
0.252 **

	
0.954 **

	
0.943 **

	

	
0.416 **




	
AB3W

	
−0.461 **

	
0.760 **

	
−0.033

	
−0.135 **

	
0.770 **

	
0.836 **

	
−0.359 **

	
0.609 **

	
0.351 **

	
0.549 **

	




	
(B) Male

	

	

	

	

	

	

	

	

	

	

	




	
CL

	

	
−0.870 **

	
0.641 **

	
0.467 **

	
−0.547 **

	
0.047

	
0.902 **

	
−0.036

	
−0.115 *

	
−0.753 **

	
−0.907 **




	
CP1

	
−0.730 **

	

	
−0.742 **

	
−0.555 **

	
0.577 **

	
0.631 **

	
−0.949 **

	
0.463 **

	
0.051

	
−0.093

	
0.862 **




	
CP2

	
0.742 **

	
−0.482 **

	

	
0.524 **

	
−0.299 **

	
−0.259 **

	
0.767 **

	
0.261 **

	
−0.102 *

	
0.385 **

	
−0.561 **




	
CP3

	
0.621 **

	
−0.370 **

	
0.745 **

	

	
−0.308 **

	
−0.189 **

	
0.567 **

	
−0.540 **

	
0.216 **

	
0.292 **

	
−0.375 **




	
CP4

	
−0.057

	
0.519 **

	
0.230 **

	
0.167 **

	

	
0.544 **

	
0.001

	
0.527 **

	
0.319 **

	
0.277 **

	
0.600 **




	
CP5

	
−0.040

	
0.470 **

	
0.426 **

	
0.415 **

	
0.704 **

	

	
−0.600 **

	
0.674 **

	
0.401 **

	
0.304 **

	
0.761 **




	
CP6

	
0.909 **

	
−0.705 **

	
0.878 **

	
0.755 **

	
0.025

	
0.183 **

	

	
−0.433 **

	
−0.541 **

	
0.151 **

	
−0.858 **




	
AB3L

	
−0.031

	
0.402 **

	
0.416 **

	
0.413 **

	
0.636 **

	
0.822 **

	
0.162 **

	

	
0.851 **

	
0.710 **

	
0.745 **




	
AB3RL

	
0.340 **

	
0.074

	
0.683 **

	
0.636 **

	
0.549 **

	
0.750 **

	
0.511 **

	
0.905 **

	

	
0.860 **

	
0.391 **




	
AB3LL

	
0.427 **

	
−0.020

	
0.737 **

	
0.668 **

	
0.537 **

	
0.713 **

	
0.583 **

	
0.836 **

	
0.944 **

	

	
0.205 **




	
AB3W

	
−0.668 **

	
0.853 **

	
−0.238 **

	
−0.111 *

	
0.536 **

	
0.630 **

	
−0.512 **

	
0.686 **

	
0.389 **

	
0.275 **

	








Note: * value significant at 95%; ** value significant at 99%.













 





Table 3. The first two eigenvectors and percentages of total variance explained by the first two eigenvalues obtained from canonical variate analysis.
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(A) Female

	

	




	
Variable

	
First Eigenvector

	
Second Eigenvector






	
CL

	
−0.85

	
0.48




	
CP1

	
0.94

	
−0.11




	
CP2

	
−0.73

	
−0.07




	
CP3

	
−0.81

	
0.15




	
CP4

	
0.80

	
0.01




	
CP5

	
0.79

	
−0.22




	
CP6

	
−0.92

	
0.32




	
AB3L

	
0.66

	
0.69




	
AB3RL

	
0.28

	
0.94




	
AB3LL

	
0.62

	
0.75




	
AB3W

	
0.87

	
−0.17




	
Eigenvalue

	
1.34

	
0.58




	
Percentage variance

	
60%

	
22%




	
(B) Male

	

	




	
CL

	
−0.93

	
0.16




	
CP1

	
0.92

	
−0.27




	
CP2

	
−0.64

	
0.58




	
CP3

	
−0.50

	
0.50




	
CP4

	
0.70

	
0.18




	
CP5

	
0.79

	
0.27




	
CP6

	
−0.91

	
0.32




	
AB3L

	
0.70

	
0.67




	
AB3RL

	
0.31

	
0.90




	
AB3LL

	
0.15

	
0.92




	
AB3W

	
0.96

	
0.09



