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Abstract. Fauziyah, Mustopa AZ, Fatimah, Purwiyanto AlS, Rozirwan, Agustriani F, Putri WAE. 2021. Morphometric variation of the
horseshoe crab Tachypleus gigas (Xiphosura: Limulidae) from the Banyuasin estuarine of South Sumatra, Indonesia. Biodiversitas 22:
5061-5070. Morphological studies are essential for fish resource management, ecology, conservation, and stock assessment. This research
was conducted to characterize the morphological variation of the coastal horseshoe crab (Tachypleus gigas) from the Banyuasin estuarine,
South Sumatra, Indonesia. The body weight (BW), prosoma width (PW), carapace length (CL), telson length (TEL), and total length (TL)
were measured for describing the morphometric variability of T. gigas. A total of 70 T. gigas (32 females and 38 males) were found using
trammel net fishing and bottom gillnet during the survey. Multivariate and allometric methods analyzed their morphometric characters.
Based on Kruskal- Wallis tests, the result showed a significant difference in somebody measurements (TL and CL) between males and
females. The principal component analysis (PCA) results showed that all morphometric characters had a strong correlation in both sexes, so
the first principal component (PC1) values were 92% and 72%. In comparison, the second principal component (PC2) values were 5% and
20% in females and males, respectively. The results of discriminant function analysis (DFA) suggested that only one (BW) of the five
morphometric characters was significant in separating both sexes. Both sexes were also revealed variations in growth patterns based on the
allometric analysis results. These results were expected to be used as a basis for managing the horseshoe crab population-based

conservation.
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INTRODUCTION

Many researchers have explained an essential of the
morphometric study as well as the allometric studies for
assessing the growth characteristics, body shape changes,
population diversity of organisms and its related to their
ecosystems condition (Chiu and Morton 2001; Webster
2007; Srijaya et al. 2010; Syuhaida et al. 2019). These
morphological structure variations helped study the
classification and identification of various species. In
contrast, the allometric studies could usefully evaluate the
variation in the body part parameters of species living in
multiple ecosystems (Srijaya et al. 2010). The allometric
study of horseshoe crabs played a key role in understanding
the comparative of morphometric and growth in various
body parameters (Chatterji et al. 1988). Additionally, the
changes in the maturity stage, genetics, diet, in-situ
physical-chemicals parameters, and habitat influenced the
size variation of horseshoe crab (Gaspar et al. 2000;
Graham et al. 2009; Jawahir et al. 2017). Hence, the
allometric analysis would contribute to assessing the
relationship  between morphological parameters of
horseshoe crabs and ecosystems.

Habitats of Asian horseshoe crabs [Tachypleus
tridentatus (Leach, 1819), Tachypleus gigas (Muller, 1785)
and Carcinoscorpius rotundicauda (Latreille, 1802)] are
diminishing, and even their populations are declining
(Cartwright-Taylor et al. 2011; Biswal et al. 2016; Pati et
al. 2021). In Hong Kong, T. gigas are currently considered
locally extinct (Lee and Morton 2005). In Singapore, T.
gigas is now classified as endangered due to habitat loss
(Cartwright-Taylor et al. 2011). Disturbances of humans
also contribute to the habitat loss of T. gigas in India (Pati
et al. 2015).

In Indonesian waters, T. gigas are found in Muara
Badak waters of Kutai Kartanegara, East Kalimantan
(Ahmad et al. 2017) and distributed along the Java
Northern Coast and Madura Southern Coast (Meilana et al.
2016; Mashar et al. 2017). Tachypleus gigas are found in
Kuala Tungkal waters of Tanjung Jabung Barat, Jambi
(Rubiyanto 2012) and found in Banyuasin estuarine
(Fauziyah et al. 2019a). In addition, this species is also
found in Maluku waters (Dolej§ and Vaiiousova 2015; John
et al. 2018), and then no scientific record on the occurrence
of T. gigas in other waters of Indonesia. In Indonesia, the
horseshoe crabs were found as discard or by-catch and
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were not an essential fishery (Fauziyah et al. 2018; John et
al. 2018). However, recently, these horseshoe crabs under-
protected animals according to the decree of the Ministry
of Environment and Forestry No. P.20/2018 on protected
plants and animals. Additionally, the International Union
for Conservation of Nature (IUCN) Red List assessment on
T. gigas listed these species under “Data Deficient” (World
Conservation Monitoring Centre 1996). One of the IUCN
considerations to maintain this “Data Deficient” status is
the lack of field data from Asian researchers (Nelson et al.
2019).

In the Banyuasin estuarine waters (South Sumatra) are
found two horseshoe crabs, T. gigas and C. rotundicauda
(Fauziyah et al. 2019a). In the first investigation (Fauziyah
et al. 2019a), such a small amount of T. gigas (11
specimens) was found, not defined in morphometric
variability. Nowadays, information about T. gigas in the
Banyuasin waters is scarce. Hence, further investigations
were needed. Cartwright-Taylor et al. (2011) stated that
quantitative data are necessary to assign conservation
status, monitor population threats, and confirm protection
actions for this species.

The present study aimed to apply the allometric
relationships to describe the morphometric variability for T.
gigas obtained from Banyuasin estuarine waters. In
addition, these results were expected to be used as a basis
for managing the horseshoe crab population-based
conservation.
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MATERIALS AND METHODS

Study area

The study was conducted in the Banyuasin estuarine of
South Sumatra, Indonesia (Figure 1) from July 2019 to
August 2021.

Data collection

No permits were required for the morphometric
measurements of T. gigas. In the present study, 70 samples
of T. gigas (32 females and 38 males) were obtained during
sampling. The samples were found in three main locations,
namely Makarti Jaya, Tanjung Carat, and Berbak Sembailang
National Park. Sampling took place in July, November, and
December 2019 found 11, 15, and 2 samples, respectively.
During October 2020, only 4 samples were found, whereas
sampling in January, March, July, and August 2021, 5, 16,
6, and 11 samples were found. The samples were collected
using trammel net fishing and bottom gillnet that operated
from 05:00 am to 14:00. Determining the sampling location
referred to the previous survey (Fauziyah et al. 2019a) and
the information of local fishers. All sample measurements
were conducted on the fish landing site due to difficulties if
the measurements were conducted on board. To avoid
catching the same sample twice on different occasions, the
samples were marked and released at Payung Island (5,158
km from the nearest sampling site) and Sembilang River
(7,092 km from the nearest sampling site).
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Figure 1. The sampling sites map of the horseshoe crab (Tachypleus gigas) in the Banyuasin estuarine of South Sumatra, Indonesia
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Figure 1. The differences in body parts of male and female for
Tachypleus gigas species. The male (A) has hemichelate clasper-
like hooks while the female (B) has chelate clasper-like scissors

Figure 2. The major morphometric measurement of the horseshoe
crab Tachypleus gigas consists of prosoma width (PW), carapace
length (CL), telson length (TEL), and total length (TL). All body
parameters were recorded to 1 mm accuracy.

Identification refers to the previous study conducted in
Banyuasin estuarine (Fauziyah et al. 2019a). ForT.
gigas, their cross-section morphology of the telson is a
triangle shape with only has one spine on the rear part of
the opisthosoma, whereas T. tridentatus besides has a
triangle shape of the telson (similarly to T. gigas), there is
three spines on the rear part of the opisthosoma (only one
spine for T. gigas) and many tiny spines on opisthosoma
(back carapace) than others (Cartwright-Taylor et al. 2009;
2011; Tanacredi et al. 2009; Dolejs and Vanousova
2015). On the other hand, C. rotundicaudais easy to
distinguish due to the cross-section morphology of the
telson being a rounded shape (Yang and Ko 2015).
Furthermore, the clasper shape on the first and second
walking legs is used to distinguish between males and
females (Figure 2) due to hemichelate clasper-like hooks,
which only occur in the male while chelate clasper-like
scissors belong to the female (Fauziyah et al. 2019a,b). The
prosoma width (PW), carapace length (CL), telson length
(TEL), and total length (TL) were measured to 1 mm
accuracy (Figure 3), while body weight (BW) was
weighted to 1 gram accuracy.

5063

Data analysis

All measurements data were pooled according to
females and males then inserted into Microsoft Excel.
These data were transformed using a square root
(Mohamed et al. 2021). The Kolmogorov—Smirnov test
was applied to verify a normal distribution. When most of
the parameters did not show a normal distribution, the non-
parametric test (Kruskal-Wallis test) was performed to
compare each morphometric parameter for both sexes. This
study performed principal component analysis (PCA) and
discriminant function analysis (DFA) to assess the
significant differences of all parameters among sexes.

The power equation was applied to analyze the length-
weight relationship (Le Cren 1951; Froese 2006; Graham et
al. 2009; Jawahir et al. 2017), while the linear equation was
used to analyze the length-length/width relationship (Chiu
and Morton 2001; Aydin and Aydin 2011; Amaral et al.
2014; Ming et al. 2016). For achieving a better fit of the
regression model, an outlier will be removed from the data
set (Manimannan et al. 2020). The formulas for these
equations are as follows:

W; = aL,”

Where: W;: bodyweight of the horseshoe crab i, L;:
length parameter of the horseshoe crab i, a: intercept of the
relationship between In L; and In W;, b: the slope of the
relationship between In L; and In W;.

Y}':a‘l'bXI'

Where: ¥;: one length parameter of the horseshoe crab i,
X;: arandom rest length parameter of the horseshoe crab i,
a: intercept of the relationship between In Y; and In X;, b:
the slope of the relationship between In X; and In Y;.

In the term of the TEL-TL, PW-TL, and PW-CL
relationships (Amaral et al. 2014; Ming et al. 2016), the b
value < 1 indicated that Y-axis (PW, LT) grew relatively
slower than X-axis (TL, CL) and it’s called a negative-
allometric growth, whilst the b value > 1 indicated a
positive-allometric growth and the b value = 1 indicated an
isometric growth. Due to the dimensions of X and Y were
not the same at the length-weight relationships (BW-PW,
BW-TL, BW-CL) hence called a negative-allometric
growth when the b value < 3, whereas the b value > 3
indicated a positive-allometric growth and the b value = 3
indicated an isometric growth. Thus the b value indicates a
growth pattern (Syuhaida et al. 2019). For determining
significant differences from the isometric value (b =3 or b
= 1), Bailey’s t-test was applied with the significant level at
5% (Thomas 2013; Hegele-Drywa et al. 2014; Nair et al.
2015).

B= I )

Where: t;: Bailey's t-test, b: the slope of the linear
regression, Sh: standard error of the b coefficients, 3:
isometric value of the length-weight relationships, and 1:

isometric value of the length-length-relationships.
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RESULTS AND DISCUSSION

Body parameters measurements

The mean of the significant body parameters of T.
gigas by sex and their normality test are presented in Table
1, while testing the difference in body parameters for both
sexes was shown in Table 2. The females body parameters
(BW, CL, TEL, TL, and PW) were higher than males
(Table 1). However, statistically (Table 2), there was a
significant difference between males and females for TL
and CL (p > 0.05) based on Kruskal-Wallis tests.

BIODIVERSITAS 22 (11): 5061-5070, November 2021

Morphometric characters

Bartlett's test was performed to verify the data adequacy
for PCA, and the result was significant (P-value < 0.05). To
determine the morphometric characters that most
effectively differentiate between the sexes, the characters'
contributions to PCA were examined (Table 3). The PCA
results of 5 morphometric characters reduced one factor in
both sexes with eigenvalues exceed than 1. The first
principal component (PC1) values were 92% and 72%,
while the second principal component (PC2) values were
5% and 20% in females and males, respectively.

Table 1. The normality test results of the body parameters data by sex using the Kolmogorov-Smirnov Test. The values of Asymp. Sig.

(2-tailed) > 0.05 indicated a normal distribution

The major body parameters

Statistic parameters

BW (g) CL (mm) TEL (mm) TL (mm) PW (mm)
All (N=70)
Mean 376.1 16.7 17.4 34.0 17.1
Standard Deviation 240.7 3.4 3.4 6.2 3.2
Coefficient of Variation 0.6 0.2 0.2 0.2 0.2
Kolmogorov-Smirnov 0.7 0.8 14 1.2 1.0
Asymp. Sig. (2-tailed) 0.70N 0.52N 0.04 0.10N 0.26N
Males (N=38)
Mean 291.5 15.9 16.7 32.7 16.6
Standard Deviation 122.6 2.0 3.0 4.3 2.4
Coefficient of Variation 0.4 0.1 0.2 0.1 0.1
Kolmogorov-Smirnov 0.7 0.9 1.6 1.4 1.2
Asymp. Sig. (2-tailed) 0.76N 0.33N 0.01 0.04 0.14N
Females (N=32)
Mean 476.5 17.6 18.1 35.6 17.8
Standard Deviation 300.5 4.3 3.7 7.5 3.9
Coefficient of Variation 0.6 0.2 0.2 0.2 0.2
Kolmogorov-Smirnov 0.6 0.6 0.5 0.6 0.6
Asymp. Sig. (2-tailed) 0.86N 0.90N 0.96N 0.90N 0.92N

Note: BW: body weight, CL: carapace length, TEL: telson length, TL: total length, PW: prosoma width, The significance level (o) of

0.05, N: normal distribution

Table 2. The different body parameters of Tachypleus gigas by
sex using the Kruskal-Wallis test. The P-value is greater than 0.05
indicated no significant difference in body parameters between
males and females

Table 3. Summary results of PCA for morphometric characters
between sexes in the Tachypleus gigas from the Banyuasin
estuarine, South Sumatra, Indonesia

Males Females Kruskal-

Body Wallis test
parameters (N =38) (N=32) (Males vs
Females)

Min Max Mean Min Max Mean P-values

BW (g) 81 865 2915 671,100 4765  0.111NS
CL (mm) 110 220 159.2 90 240 1755 0.0478
TEL (mm) 70 210 167.4 100 245 181.0 0.103Ns
TL (mm) 215 430 326.6 198 140 356.3 0.0248
PW (mm) 80 215 165.7 100 244 177.7 0.088NS

Note: BW: body weight, CL: carapace length, TEL: telson length,
TL: total length, PW: prosoma width, S: significant difference,
NS: no significant difference, a.: 0.05

Variabl Female Male
ariabie PCL PC2 PCL PC2
Eigenvalue 4.5963 0.2357 3.6137 0.9843
Proportion 92% 5% 72% 20%
Cumulative 92% 97% 72% 92%
BW 0.44* -0.277 0.446* -0.234
CL 0.452* -0.371 0.49* -0.289
TEL 0.429 0.799* 0.364 0.724*
TL 0.462* 0.202 0.489* 0.365
PW 0.453* -0.325 0.435 -0.451*

Note *: most significant loadings on each component
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Figure 3. The PCA biplot of the morphometric characters data in different sexes of Tachypleus gigas from the Banyuasin estuarine,

South Sumatra, Indonesia. A. Female, B. Male

The most significant loadings on PC1 in females were
BW, CL, TL, and PW, as well as in males, BW, CL, and
TL (Table 3). Whereas the most significant loadings on
PC2 in males were TEL and PW, and only TEL was most
significant in females. In this analysis, a factor loading
greater than 0.40 is considered significant. The PCA biplot
(Figure 4) showed that BW, CL, TEL, TL, and PW were
positively correlated and highlighted the importance in
both sexes based on PC1. According to the PC2, some
parameters (BW, CL, and PW) indicated a negative
correlation in both sexes. However, all morphometric
characters strongly correlated with each other in both sexes
(the angle between characters was less than 90%). The PC1
also indicated the strength of the correlation with
eigenvalues exceeding 1 (Table 3).

Based on the DFA results Table 4, a stepwise method
suggested that only one (BW) of the five morphometric
characters were significant in separating the both sexes
(Eigenvalue = 0.117; Wilks' Lambda = 0.895; df = 1; P <
0.05). The centroid values for females and males were
0.367 and -0.309, respectively. The cutoff score (the
centroid average) was 11.6. It means that if the
discriminant function values exceed 13.8 are classified as
females. Otherwise, the values below 11.6 are classified as
males. The DFA in sexes gave an average percentage of
correctly classified (PCC) of 68.6% into their original
morphometric characters (Table 5). In addition, the cross-
validation test was the same as the PCC results of their
original morphometric characters.

Morphometric allometry

The parameters of the allometric analysis for T. gigas
by sex are presented in Table 5 and Figure 5-6. Generally,
all relationships between each body parameter indicated
variation in the coefficient of determination (R2 ranged
between 0.69 to 0.95). In addition, there were variations in
the number of data set (Figure 5 and 6) due to removing a
few outliers to avoid an unsatisfactory model performance

(the R2 < 0.65). Variation in the allometric value (b)

ranged between 2.1 to 3.3 for the weight-length
relationships, while length-length relationships ranged
between 0.6 to 1.2. These values indicated variation in
growth patterns such as negative allometric or isometric,
depending on the student's t-test results.

The weight-length relationships indicated that the BW
parameter grew proportional to the CL, TEL, and TL
parameters for both sexes. These relationships indicated an
isometric growth pattern (ts < twp, p < 0.05). Whereas the
males BW parameter grew relatively slower than the PW
parameter (negative allometric, b < 3, ts > twp, p < 0.05) but
both parameters exhibited an isometric growth pattern for
females.

Table 4. Summary results of DFA for different morphometric
characters between sexes in the Tachypleus gigas from the
Banyuasin estuarine, South Sumatra, Indonesia

Statistical parameters Results

Fisher's linear discriminant functions:

Females D1 = 0.648BW - 7.347
Males D2=0.527BW - 5.108
Functions at group centroids:
Females 0.367
Males -0.309
Cut-off 11.6
Canonical discriminant function D =0.177BW - 3.281
Wilks' Lambda test (P-value) 0.006*
Accuracy of sex discriminant in the
original morphometric characters:
Females 53.1%
Males 81.6%
Overall 68.6%
Accuracy of sex discriminant in the
cross-validation test
Females 53.1%
Males 81.6%
Overall 68.6%

Note: *Significant difference in the morphometric characters
between sexes
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Table 3. The body parameters relationships and growth pattern for Tachypleus gigas by sex. The value of ts < tw, indicated isometric

growth while ts > ten indicated allometric growth

Body parameters

Parameters of the relationship

Bailey’s t-test

Growth pattern

relationships (Y-X) b Sh to P-valus R? ] ttab ts
Males
BW-PW 2.118  0.201 10.551 <0.001 0.811 3 2.056 4.3975  Allometric (-)
BW-CL 3.062 0.264 11.616 <0.001 0.808 3 2.037 0.236 NS Isometric
BW-TEL 3.293 0.332 9.923 <0.001 0.761 3 2.040 0.884NS  |sometric
BW-TL 3.089 0.288 10.733  <0.001 0.777 3 2.035 0.308NS  Isometric
PW-CL 0.934 0.083 11.240 <0.001 0.783 1 2.069 0.800NS  Isometric
PW-TEL 1.067 0.157 6.780 <0.001 0.667 1 2.069 0.427NS  Isometric
TL-PW 1.302 0.111 11.771  <0.001 0.817 1 2.040 2.7295  Allometric (+)
TL-CL 1.692 0.136 12.465 <0.001 0.820 1 2.032 5.0975  Allometric (+)
TEL-CL 0.809 0.088 9.176  <0.001 0.757 1 2.052 2.1645  Allometric (-)
TEL-TL 0.496 0.035 14.329 <0.001 0.858 1 2.032 14,5515  Allometric (-)
Females
BW-PW 3.078 0.205 15.033  <0.001 0.883 3 2.042 0.381NS  Isometric
BW-CL 2.702  0.199 13.596 <0.001 0.860 3 2.042 1.498NS  Isometric
BW-TEL 3.162 0.263 12.019 <0.001 0.838 3 2.048 0.617NS  Isometric
BW-TL 3.245 0.209 15.555 <0.001 0.890 3 2.042 1.176 NS Isometric
PW-CL 0.876 0.044 20.012 <0.001 0.930 1 2.042 2.8365  Allometric (-)
PW-TEL 0.900 0.078 11.532 <0.001 0.836 1 2.056 1.280NS  Isometric
TL-PW 1.774 0.126 14.106  <0.001 0.869 1 2.042 6.1555  Allometric (+)
TL-CL 1.634 0.103 15.874 <0.001 0.894 1 2.042 6.1585  Allometric (+)
TEL-CL 0.796  0.075 10.555 <0.001 0.805 1 2.052 2.6995  Allometric (-)
TEL-TL 0.467 0.030 15.407 <0.001 0.888 1 2.042 17.564°  Allometric (-)

Note: BW: body weight, CL: carapace length, TEL: telson length, TL: total length, PW: prosoma width, Sb: standard error of the b
coefficients, Sig. F: significance F-test, R* the coefficient of determination, tv: the t-test statistic for Ho of b: 0, B: allometric value, ten:
critical values of the t distribution, ts: Bailey’s t-test for allometric values, S: Significant, and NS: Not significant

In the length-length relationships, the PW-TEL
relationship for both sexes showed an isometric growth
pattern (ts < tw, p < 0.05). The PW-CL relationship
indicated negative allometric growth for females but an
isometric growth pattern for males. Positive allometric
growth was exhibited by the TL-PW dan TL-CL
relationships for both sexes (b > 1, ts > tiap, p < 0.05). These
relationships indicated that the TL parameter increased
relatively faster than the PW or CL parameter. Conversely,
the TEL-CL and TEL-TEL relationships for both sexes
described a negative allometric growth.

Discussion

The number of samples obtained in this study was only
70 and may not be too greater than a similar study in
Balaramgari of Orissa, India (Vijayakumar et al. 2000) and
Sarawak waters of East Malaysia (Jawahir et al. 2017). But
the samples are still worthy of being used as a predictive
tool as their allometric model indicated a good model
performance (R2 > 0.65). Based on previous research
(Fauziyah et al. 2019a), the ratio of C. rotundicauda to T.
gigas was 1: 4. This is probably because of the sampling
location, which was muddy seafloor and close to
mangroves, so it is more favorable for C. rotundicauda.
Meanwhile, T. gigas prefers the waters with sandy seafloor
(Tan et al. 2012). Low abundance was found for T. gigas,
making sampling difficult. This is also consistent with
Cartwright-Taylor et al. (2011), who stated that the critical
situation in the main island of Singapore for T. gigas and
historical data were not recorded. The first record of T.

gigas from Banyuasin estuarine, South Sumatra of
Indonesia, has been published since 2019 (Fauziyah et al.
2019a). However, no information in detail to the
morphometric variability. This study’s results provided the
data and information on the morphometric of T. gigas for
complementing the previous study. Many researchers
analyzed the body allometry for T. gigas obtained from the
different populations in Malaysia or India waters (Chatterji
et al. 1994; Vijayakumar et al. 2000; Ismail et al. 2012;
Jawahir et al. 2017; Razak and Kassim 2018). Compared
with observation in Malaysia (Jawahir et al. 2017; Razak
and Kassim 2018), the major body parameters of T. gigas
in this study tended to attain smaller sizes for both sexes.
The body allometric (growth pattern) of this horseshoe
crab could be described by the relationship between one
body parameter and the other (Panda and Naik 2017), and
the morphometric variation in length, width, and weight
also could represent the population structure from
immature to mature (Syuhaida et al. 2019). All the PW
parameters of this specimen > 8 cm indicated a mature
species for both the sexes (Cartwright-Taylor et al. 2009).
The females were not statistically more significant than
males, and it is not in line with the morphometric
characteristic of T. gigas from the other's location (Jawahir
et al. 2017; Razak and Kassim 2018). However, this result
is similar to the morphometric characteristic of T. gigas
from Pahang, peninsular Malaysia (Ismail et al. 2012). The
weight of these horseshoe crabs increased sharply in the
length range of 300-400 mm. In contrast, the increase in the
soft body parameters could be a consequence of increased
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food availability and feeding efficiency to the horseshoe
crabs (Vijayakumar et al. 2000). The BW-PW relationships
showed negative allometric growth for the males. It is in
line with previous research on T. gigas in Malaysian waters
(Jawahir et al. 2017; Razak and Kassim 2018) and Indian
waters (Chatterji et al. 1994).

Variation in morphometric of the horseshoe crabs could
be influenced by many factors (Chatterji et al. 1988;
Daniels et al. 1998; Gaspar et al. 2000; Graham et al.
2009), including environmental conditions (habitat and
waters quality parameters), and the condition’s horseshoe
crab (the maturity stage, diets, population density, and
genetic). In addition, the fat content, eggs present, and
exploitation status influenced the matured female weight of
T. gigas (Sekiguchi et al. 1988; Razak and Kassim 2017,
2018).

The sex ratio (Table 2) was male-dominated with a
small margin (less than 2), suggesting a breeding period
more active (Cartwright-Taylor et al. 2009) but not yet
indicated seasonal breeding due to males not exceeding
females in large number (Carmichael et al. 2003; James-
Pirri et al. 2005). The balance of sex ratio suggests this
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population's health (Cartwright-Taylor et al. 2009). It’s one
of the essential indicators for horseshoe crab conservation
and management. These results will present useful baseline
data for monitoring the population structure and growth
pattern over the future years.

The lack of recent abundance and density data has
caused the IUCN to classify T. gigas as “Data Deficient”.
This study result was a first step in providing this data gap.
For this reason, surveys for monitoring abundance and
ecological aspects related to conservation issues need to be
pursued, especially in Berbak Sembilang National Park as a
conservation area. The findings from the survey support the
current conservation status of T. gigas in the Banyuasin
estuarine as “Near Threatened”. This is due to the difficulty
in collecting data for this rare species. Under the National
Conservation Status in Indonesia, T. gigas is included in
the Protected Marine Biota. For this reason, more
encouragement is needed as a protection effort without
having to collect more data. The following strategic step is
to find nesting activities and breeding sites which we have
not found yet.
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Figure 5. The length-length relationship of Tachypleus gigas by sex

In conclusion, all morphometric characters (BW, CL,
TEL, TL, and PW) had high correlations. The BW was the
most significant morphometric character in separating the
two sexes. However, there were variations in morphometric
characters and growth patterns between the sexes.
Therefore, for accuracy in their taxonomic status, genetic
analyses are needed.
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