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Abstract. Indarjo A, Salim G, Zein M, Septian D, Bija S. 2020. The population and mortality characteristics of mangrove crab (Scylla
serrata) in the mangrove ecosystem of Tarakan City, Indonesia. Biodiversitas 21: 3856-3866. The mangrove crab is an iconic species of
Tarakan City and is often is used as a souvenir. However, the high demand for this species can cause its population to decline. This
study aimed to characterize the mangrove crab (Scylla serrata) population in the mangrove ecosystem of Tarakan City, North
Kalimantan, Indonesia. This study was designed using a quantitative descriptive method with a case study model. The samples of
mangrove crabs were obtained from 6 different stations using a purposive sampling method. The mangrove crab specimens were caught
using 35-50 units of crab traps known as the ambau brackets. The primary data included carapace length, carapace width, carapace
thickness, sex, and the total weight of each mangrove crab specimen. The results showed that male mangrove crabs have positive
allometric growth when the condition index was fat. However, female crabs exhibited negative allometric growth when the condition
index was thin. The Von Bertalanffy growth model analysis showed that the maximum carapace length of male mangrove crab in the
mangrove ecosystem of Tarakan City was approximately 11.1118 cm for 189 days, while the female length was 9.6474 cm for 80 days.
The total mortality value of male and female crabs was 120.01% and 154.94%, the mortality due to fishing was 84.69% and 135.75%,
and natural mortality was 35.32% and 19.2%, respectively. The estimated rate of exploitation of both male and female crabs was
70.57% and 87.61%, respectively. The exploitation of S. serrata in the mangrove ecosystem of Tarakan City was evident, hence,

conservation efforts are urgently required.
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INTRODUCTION

Tarakan is a coastal area with a large number of
biological resources, including marine biota of sandy and
muddy coastal ecosystems, coral reef, seagrass, marine,
estuary (Nirmale et al. 2012), and mangrove ecosystems
(Quinitio et al. 2011; Salim et al. 2018). Mangrove
ecosystems not only protect the coastal area from abrasion,
wind, and waves (Talib 2008) but also serve as an
ecological habitat for many aquatic biotas, especially
crustaceans (Nirmale et al. 2012). Mangrove ecosystems
provide habitats, spawning grounds, shelters, and food to
many marine animals (Fawwaz et al. 2019), including
glodok fish, shrimp, uca-uca crabs, stone crabs, and
mangrove crabs (Salim et al. 2018). Salim et al. (2018)
reported three genera of crabs available in the Tarakan
Mangrove Ecosystem, which are Uca sp., Menippe sp., and
Scylla sp. The Scylla sp is also known as the mangrove
crab because of its habitat within the mangrove ecosystem.
This crab has become the icon of the Tarakan City as it is
popular with both locals and tourists. Mangrove crabs are
also one of the important commaodities with high economic
value that can still be obtained from the natural
environment (Muchlisin and Azwir 2004; Muchlisin et al.

2006). According to Afrianto and Liviawaty (1993), 100
grams of mangrove crab meat (Scylla serrata) contained
13.6 grams protein, 3.8 grams fat, 14.1 grams carbohydrate
and 68.1 grams of water. (Fujaya et al. 2001) noted that
the high protein content (62.72%) caused the meat to taste
good (Suprapto et al. 2014).

According to Sentosa and Syam (2011), the needs of
mangrove crabs are derived from catches in nature that are
fluctuating largely. According to Dumas et al. (2012) and
Salim et al. (2018), the high demand for mangrove crabs,
both in Tarakan City and elsewhere, has a significant
impact to the natural S. serrata population. The
preservation of natural mangrove crabs can have a serious
impact on its population (Le Vay 2001; Sentosa and Syam
2011). The Government of Tarakan City Fisheries Marine
Official (2016) recorded a significant increase in S. serrata
catches for three consecutive years from 2014, 2015, and
2016 to be 180.1 tons, 1725 tons, and 1568 tons,
respectively. High demand results in population decline
(Agus 2008). The central government’s Ministry of
Maritime Affairs and Fisheries of the Republic of
Indonesia, which was in PERMEN-KP No.1 of 2015,
regulates the re-release of mangrove crabs. The ministry
reported that mangrove crab sizes were below the catchable
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standards of > 150 mm and for females that had mature
gonads (mangrove crab lay eggs) (Fitri et al. 2017,
Siringoringo et al. 2017). A study to analyze the growth
trait model and condition index of mangrove crabs (Scylla
serrata) originating from estuary waters of Tarakan City
(Salim et al. 2018) was previously conducted, and the
results showed that the crabs exhibited negative allometric
growth. The condition index, expressed in term of shell
dimensions (carapace length) and total weight for males
and females, was dominated by fat body shape, while the
condition index between shell dimensions (width and
thickness of carapace) with the total weight for males was
dominated by thin body shape. The sex ratio analysis
revealed there were more females than males. At present,
no study on Von Bertalanffy allometric models on the
mangrove crabs (Scylla serrata) population in the coastal
area of Tarakan conducted. Hence, this study was
conducted to determine the natural growth condition of
mangrove crabs in the coastal area of the Tarakan
Mangrove Ecosystem and estimate the level of exploitation
based on the mortality rate.

MATERIALS AND METHODS

Sampling site and duration
This study was conducted in the Tarakan Mangrove
Ecosystem of Tarakan City, North Kalimantan, Indonesia
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for four months, from November 2017 to February 2018.
The sampling site was divided into six stations: Station 1
was located in plot 1 (Mangrove of Pamusian river),
Station 2 was located in plot 2 (the mangrove area behind
the Juata International Airport), Station 3 was located in
plot 3 (the mangrove ecosystem behind Bank Rakyat
Indonesia), Station 4 was located in plot 7 (upstream
mangrove river estuary), Station 5 was located in plots 4, 5,
6, 8, 10 (mangrove conservation area), and Station 6 was
located in plot 9 (downstream of the mangrove river
estuary). The stations were designed according to the
purposive sampling method (Figure 1).

Crab sampling

This study used quantitative descriptive methods with a
case study model.he mangrove samplings were conducted
in the 6 predetermined sampling stations. The coordinates
of the sampling stations were recorded by a global
positioning system. The mangrove crabs were captured
using 35-50 units of ambau brackets baited with eel. The
carapace length, carapace width, and carapace thickness
were measured by vernier caliper. The mangrove crabs’
weights were recorded using an electrical balance. The sex
of the crabs was determined by looking at the abdomen
(apron).

N

A

Skala 1 : 20.000

0 25 SKm

MAP OF SAMPLING SITE

S%5%%5% = Station-01
= Station-02
= Station-03
= Station-04
= Station-05
= Station-06
= Station-07
= Station-08
» Station-09
» Station-10

Sources:

1. Peta Garis Pulau Kalimantan Skala 1 : 10.000.000
2. Hasd Survey Lapangan

j\m ||l 1 samelinasie |

Figure 1. Sampling stations for the Scylla serrata within the Tarakan Mangeove Ecosystem, East Kalimantan, Indonesia
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Data analysis

The data were analyzed following Gosling et al. (2002)
and Effendie (2002). The analysis of every parameter is
shown below:

Correlation of carapace dimension and total weight

The correlation of carapace dimension (length, width,
thickness) and total weight was established following
(Effendie 1979).

Y =a+X" or Log Y = Log atb Log X

Where;

Y total weight (gram),

X: carapace dimension (length, width, and thickness)
(mm),

a and b: Constant (intercep).

Condition index

Condition index of the crustacea can be caraterized into
five criteria i.e. Very thin body shape (0.01-0.50), Thin
body shape (0.51-0.99), Proportional/ideal shape (1), Fat
body shape (1.01-1.50), and Very fat body shape (>1.50)
(Salim 2013, Firdaus et al. 2018 , Firdaus et al. 2020).

The allometric growth was evaluated following
Weatherley (1972), For isometric growth, methods
suggested by Lagler (1949) and Effendie (1979) were used.

— 105, %

K(TI) =10 JCL—3

Where:

W: total weight (gram),

L:total length (mm),

10°: the equation was taken, so K (ry value is close to 1.

The crab condition factor with allometric characteristic
was obtained using equation (Weatherley, 1972) as follow:

Where:

W: total weight (gram),

w: logarithm of total weight (gram),

W: a L P obtained using the regression equation of
length-weightcorrelation.

Absolute growth
The absolute growth was determined following Von
Bertalanffy model (Sparre and Vename 1999).

Lt = Loo (1-g’¢+-10)

Where:

Lt: Length of S. serrata when t age (time),

Loo: Asymptotic length of S. serrata,

K: Growth coefficient of S. serrata (each of time),

to: Theoritical age of S. serrata when length equals zero

Age structure

The age structure was estimated using the shift mode
class that correlate with Von Bertalanffy model (Sparre
and Vename 1999) as follow:
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(AL/At) = (Lo-L1)/(to-t1)
L = (L2tLy)

Where:

AL/At: Relative growth of S. serrata,

AL: Length of S. serrata,

At: Time range in sampling of S. serrata,

L «: Average length of mode

The results calculation by using the age structure
variable of S. serrata by plotting the values of L  dan
(AL/At) to obtain the following linear line equation:

Y = atbx

Where:

a: (Xy/m)-(b (Xx/n)))

b: (nX (xy)-(X%) (Xy)/(nyx*-(3x)%)

The average length value of the long mode uses the
linear regression equation method to calculate the
asymptotic length (Loo) of S. serrata which is-a/b, while
the growth coefficient (K) of S. serrata is-b.

The theoretical age of S. serrata when the length is
equal to zero can be estimated separately using the
empirical equation (Sparre and Vename 1999).

Log (-to) = 0,3922-0,275 (Log Loo1,038 (Log K)

Where:

Loo: asymptotic length of S. serrata (cm),

K: Growth rate coefficient of S. serrata,

to: Theoritical age of S. serrata when the length equals
to zero (year)

Mortality
Natural mortality (M) of S. serrata was estimated using
Pauly's empirical formula (Pauly, 1984), where:

Log M = 0.152-(0.279 log Loo+0.6543 log K+0.4634 log T

Total mortality (Z) of S. serrata was estimated using
the Beverton and Holt formula (Sparre and Venema 1998,
1999) as follows:

Z=K- L. —L
L—L'

Mortality capture (F) of S. serrata as follows:

F=2-M

The exploitation rate (E) of S. serrata used the
formulation of Baranov (Sparre and Venema 1998, 1999)
as follows:

e-|_F ||E
F+M Z
Where:
E: Rate of exploitation S. serrata,
Z: Total mortality S. serrata,

F: Capture mortality S. serrata,
M: Natural mortality S. serrata
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Table 1. Correlation growth criteria between carapace dimension
and total weight

Correlation

No. Correlation criteria
value
1 0 No correlation
2 >0-0.25 Very weak correlation
3 >0.25-0.5 Sufficient correlation
4 >0.5-0.75 Strong correlation
5 >0.75-0.99 Very strong correlation
6 1 Perfect correlation

RESULTS AND DISCUSSION

The mangrove crab (Scylla serrata) survey in the
coastal mangrove ecosystem of Tarakan City obtained 199
male and 164 female crabs, representing 54.82 % and
45.18% (Figure 2) of the total mangrove crabs catch,
respectively. The ratio of male and female crabs is 1.21: 1.
This finding agrees with the study of Firdaus et al. (2020),
who found there more male than female crabs in both the
December (2018) catch (1.65: 1) January 2019 (1.21: 1)
catches, respectively. The male and female crabs were
divided into 10 carapace length classes (Figure 2).
According to Tahmid and Fahrudin (2015) and Tahmid et
al. (2015), in terms of size, the crabs collected from
Kahayan Delta was smaller than that from Tibi Island. This
phenomenon might be caused by the discrepancies of
habitat conditions in both locations. A similar result was
also found in east Kutai (Wijaya 2010), that have crabs
size smaller than in mangrove habitat or the sea (Widigdo
et al. 2017).

The carapace lengths of the S. serrata were distributed
quite evenly according to sexes. Figure 2 shows the
percentage of each length class for both male and female
crabs. The analysis showed that male crabs having
carapace length ranged from 52.5 mm to 91 mm had
matured. This agrees with the finding of (Agus 2008) who
found male mangrove crabs matured when the carapace
width is 100£10 mm. Based on the size of the claws, it has
a carapace width range of 150£10 mm.

Figure 2 shows the smallest class size (60.3£1.3 mm).
There are five female crabs in 3% (Figure 3), and the three
largest (90+£2.0 mm) crabs in 1.8% (Figure 3). The highest
distribution found 36 S. serrata crabs (Figure 2) with a
standard deviation of 2 different sizes, which was 72+1.6
mm and 75,3£1.6 mm. According to Sara (2010), juvenile
crabs have a carapace width of <70 mm, The juvenile
mangrove crab has a carapace width with a size of 70-120
mm (95£25 mm), The adult phase of mangrove crabs have
larger carapace widths of > 120 mm. According to Agus
(2008), the carapace widths of female crabs range between
100£20 mm in the mature gonad category. The different
sizes of male and female mangrove crabs found in waters
around Tarakan City could be due to the abundance of food
in the mangrove ecosystem. Hill (1982) stated that the
growth continuity of mangrove crabs is influenced by its
reproductive biological process and the availability of
natural foods.
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Figure 4 shows the carapace length size standard
deviation of male and female S. serrata obtained three
different class sizes using the class division formula. Males
that were 57.7£5.2 mm were small (as many as 72 crabs,
or 36.18%)(Figure 5). The adult size with a mature gonad
was 69.4£6.3 mm (91 crabs, or 45.73% (Figure 5). The
oldest, largest crabs had a carapace length of 83.4£7.4 mm
(as many as 36 crabs, or 18.09% (Figure 5). Most of the
dominant catches of males in the natural waters were
mature. This finding is consistent with the studies shown in
Figures 3 and 4, which explained that both males and
females are, on average, medium size. The standard length
deviation for adult male crabs was 63.6x1.7 mm as many
as 28 crabs (Figure 2), or 14.1% (Figure 3), the largest size
was 67.2x£1.8 mm ((34 crabs (Figure 2), or 17.1% (Figure
3) and the size was 71.0£1.9 mm as many as 28 crabs
(Figure 2) with 14.1% (Figure 3). However, based on the
research from (Agus 2008, Bonine et al. 2008), mature
male crabs have a carapace width of 100£10 mm.

The female crabs have the same results as the male
crabs. Figures 4 and 5 show that there were three different
classes for female sizes as well. The small size class was
63.724.7 mm (as many as 37 crabs, or 22.56%), the length
of adult or mature carapace was 73.8£5.4 mm (108 crabs,
or 65.85%), and the oldest, largest crabs were 85.6+6.3 mm
(19 crabs, or 11.59%). The results for female crabs
predominantly found in adult or moderate size. This
finding is follows Figures 2 and 3. For female crabs, the
carapace length for 29 crabs (17.1%) was 68.9+1.5 mm, for
as many as 36 crabs (22%), the size was 72+1.6 mm, and
36 crabs (22%) were 75.3x1.6 mm. However, according to
Agus (2008) and Bonine et al. (2008) adult female crabs
with mature gonads had carapace widths from 80 to 120
mm (10020 mm).

Figures 4 and 5 showed that the ambau fishing gear is
not a selective fishing gear category. However, it was
environmentally friendly because there is a dominant
measure of growth undergoing a mature process gonad or
adult so that it can disrupt the ability to recruit and capture
or change natural selection.

Results of allometry growth

The mangrove crab studies in the coastal area of
Tarakan City sampled 363 crabs, including 199 male and
164 female crabs. Theere were 10 sample collection
locations in 6 different stations. Station 1 was in the
mangrove ecosystem of the Pamusian river area. Station 2
was in the mangrove area behind the Juata International
Airport. Station 3 was in the mangrove area behind Bank
Rakyat Indonesia. Station 4 was in the upstream mangrove
ecosystem of Mamburungan. Station 5 was in the
mangrove conservation area of Mamburungan. Station 6
was downstream of the mangrove ecosystem of
Mamburungan. The results of research on the growth of
allometry from six different stations are illustrated in Table 3.

Table 3 compares allometric growth models for male
and female crabs in nature. The male crabs had positive
allometric growth at Station 1, Station 2, Station 4, and
Station 5. However, at Station 3 and Station 6, male crabs
had negative allometric growth. There may have been
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large-scale catches or exploitation for male crabs at Station
3 and Station 6, causing pressure on the large-sized crab
population due to market preference for male crabs. The
locations of Station 3 and station 6 are in residential areas,
which are likely fishing grounds for mangrove crabs.
However, the growth models of male crab allometry
show that Station 1, Station 2, Station 4, and Station 5 are
ecologically preferable habitats for male mangrove crab

40
35
30

34
28 28
. 25 24
21

20 17
15 11 .
10

’ I

0

539+14 57+1.5 60.2+16 63.6+17 67.2¢18 71.0+19 75.0+2.0 79.3+2.1 83.8+2.3 88.6+2.4

Sample Scyllaserrata

Standard Deviation Length of Male

A

BIODIVERSITAS 21 (8): 3856-3866, August 2020

growth in terms of body weight or body size. The male
mangrove crab in those areas has a positive allometric body
shape where the weight growth exceeds size growth. The
environmental conditions for Station 1, Station 2, Station 4,
and Station 5 are mangrove swamps with no human
settlements. Male crabs are rarely caught because of low
market value due to no egg production.
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Figure 2. Carapace Length deviation standard of male (A) and female (B) Scylla serrata
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Figure 3. Distribution of length classes in male (A) and female (B) Scylla serrata caught in mangrove ecosystem of Tarakan city
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Figure 5. Percentage of standard size deviation of male (A) and female (B) Scylla serrata

Table 2 explains the allometric growth models of
mangrove crabs. This study indicated that females
exhibited negative allometric growth. Station 6 had smaller
crabs, possibly because of the massive exploitation of female
crabs due to higher demand and better market prices over male
crabs. If this is done continuously without proper management
(cultivation), mangrove crab populations in the mangrove
ecosystem of Tarakan City will soon be depleted.

The allometric growth model between male and female
crabs indicated that mangrove crabs are more sought after
by fishermen or the community around the sampling
station. The female mangrove crabs supplement the
fishermen’s livelihoods due to the better market price and
because of the protein content from eggs. Also, female crab
populations are likely to decline, which is consistent with
this study’s results in terms of the number of catches. The
overall catches showed that male crabs dominate (199 male
and 164 female crabs). If this is allowed, it will affect
mangrove crab degradation by causing exploitation
pressure that affects the growth of females in nature.
Meanwhile, the reason for female exploitation was weight,
the highest total weight for females reaches 365 grams,
compared to 528 grams for males.

Based on the study results in Table 3, the average
allometric growth of male mangrove crabs is positive
because they have an average value of b over 3. According
to Effendie (2002), who stated that if the value of b > 3,
then the growth of male mangrove crabs was positive. A
higher b value of male crabs was observed in other research
of S. serrata in India (Mohapatra et al. 2010), Philippines
(Cagayan, Camarines, Samar, and Surigao (Quinitio et al.
2011), Mozambique (Toivio 2015), Bengkulu (Herliany
2015), and in Bulungan District, North Kalimantan,
Indonesia (Widigdo et al. 2017). This result is different
from that of female mangrove crabs, which have negative
allometric growth properties (Table 3) due to the value of b
less than 3. The negative growth of female mangrove crabs
was observed in other research of S. serrata in the
mangrove forest, Village of Belawan Sicanang, Sub-district
of Medan Belawan, Province of North Sumatra

(Siringoringo et al. 2017). Effendie (2002) stated that if the
value of b < 3, then the growth of female mangrove crabs
has negative allometry. Other brachyuran species had
estimated to have higher b value in males than females
(Josileen 2011; Aradjo and Lira 2012). This biological
character was also discovered in S. tranquebarica. The b
value of males in S. tranquebarica was higher than that in
females in India (Mohapatra et al. 2010; Thirunavukkarasu
and Shanmugam 2011).

Condition index

Effendie (2002), Lagler et al. (1962), and Salim (2010)
explained that the condition index is the growth used to
obtain an analysis of fish species population data by
knowing the body shape of fish. According to Salim
(2013), a condition index is a number that shows the part of
growth both in terms of length, thickness, and width of
carapace with a total weight that cannot be separated from
the linear regression model between length and weight
growth (allometric growth), by obtaining a number that
described the individual body shape of each species (Salim
2013). According to Effendi (2003), the condition index
can be divided into 5 categories as follows: (i) CI
(Condition Index) 0.01-0.49 indicate very flat body shape,
(if) CI values ranging from 0.50 to 0.99 indicate that the
body shape is flat, (iii) CI values ranging from 1.00
indicate that body shape is proportional, (iv). Cl values
ranging from 1.01-1.50 indicate that the body shape is fat,
5) CI values ranging from > 1.51 indicate that the body shape
is very fat.

Table 2. Modification of Condition Index from Effendi (2003)

Value range CI

No. (Condition Index) Body shape Crustacea
1 0.01-0.49 Very flat/lean

2 0.50-0.99 Flat/lean

3 1.00 Proportional/ideal

4 1.01-1.50 Fat

5 >1.50 Very fat
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Table 3. The comparison of allometry growth model for male and female crabs Scylla serrata

Allometry growth model of male mangrove crabs

Allometry growth of female mangrove crabs

No. Carapace Carapace High Carapace Carapace High

Stasiun  Amount  length-total width-total carapace- Amount  length-total width-total carapace-
weight weight total weight weight weight total weight

1 20 3.7621 3.5597 3.4937 15 2.2326* 2.2984* 2.0576*
2 17 3.6646 3.6605 3.5040 20 2.1836* 2.2716* 2.2599*
3 21 0.9623* 1.5983* 1.6237* 17 2.5947* 0.8211* 2.3818*
4 24 3.2809 3.4478 3.0189 15 2.2738* 2.2489* 2.209*
5 17 3.4688 3.4741 3.0943 23 2.5527* 1.6933* 2.6681*
6 100 2.956* 2.9642* 2.5863* 74 2.0396* 1.353* 2.109*
Note: *: negative allometry

Based on the research data from different locations of
male mangrove crabs, it obtained four sizes of body shape
in Figure 6, they are thin body, ideal body, fat body, and
very fat body shape. However, the condition index of male
mangrove crabs in each location was dominated by fat
body in the range of 50-60% (55.5£5%). According to
Salim et al. (2018) the fat body shape was found about
52%. There are three body shapes in female mangrove
crabs (Figure 6), that was thin body, ideal body, and fat
body shape. However, based on Figure 6, the dominant
body shape in each sampling station was the thin body with
a range of percentage values of 20-70.6% (45.3£25.3%).
Meanwhile, it was different from the study of (Salim et al.
2018), who found the dominant female body shape was fat
at 50% percentage.

Based on the results, male growth is better than females
(see Figure 6). This could be due to the behavior of male
mangrove crabs, which are more aggressive in finding food
in the environment. The female crab, on the other hand,
grew faster (see Figure 4), but the body shape was thin (see
Figure 6) because more energy was used for gonad
development. This is consistent with the finding of (Tahya
et al. 2016), who noted that male mangrove crabs have
higher levels of aggressiveness than females in the
movement of food intake. In physiology, energy is good for
molting preparation. Still, it was not for the growth of eggs

70,0%

(gonads), so the greater amount of energy meant male crabs
would be heavier than female crabs.

Absolute growth

The current study revealed male crabs had carapace
lengths ranging between 52.5 and 91 cm, with weight
ranges 105-528 grams. Female crabs had carapace lengths
that ranged between 59 and 92 cm with weight ranges from
129 to 365 grams. The observation from the body shape
revealed that the mangrove crabs had enough food, but
much energy is used for growth. The condition indices
reflect the interactions between biotic and abiotic factors
that influence the physiological processes in fish (Rahman
et al. 2012). According to Warsiati (2003), growth is
influenced by several factors, both biotic and abiotic. The
biotic factors such as age, size, sex, availability of food,
activities around the habitat, and population influences,
abiotic factors include temperature, light, salinity, and
water quality.

Figure 7 shows the regression between the age of male
and average factor of carapace length. The maximum
growth of male S. serrata is estimated to be 118.180 cm.
For females, it was estimated to reach a maximum length
of 94.474 cm. According to Zafar et al. (2006), the growth
rate of the carapace length of mangrove crabs is determined
by natural activities such as the molting process.
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The maximum length growth of mangrove crabs, based
on fishermen’s catches, showed that male growth is longer
than female. However, the maximum growth indicates that
the length growth of male mangrove crabs reaches a long
maximal carapace compared to females. The figure above
explains that the k value of female mangrove crabs is
0.1659/year higher than male crabs of 0.0615/year. It
explains that female crabs grow faster than males. This is
consistent with the finding of (Zafar et al. 2006), where the
growth of female mangrove crabs in Bangladesh was
0.36/year higher than male crab with the values of
0.28/year. (Tahmid et al. 2015) also noted that female
crabs grew faster (0.39/year) than male crabs (0.36/year) on
Riau Island.

In the opinion of Sparre and Venema (1999), the
magnitude of k value coefficient used as a reference in
determining the growth rate of mangrove crabs addition in
reaching the maximum length/asymptotic (Lwo). Based on
(Sara 2010) that there was a difference in the coefficient of
the k value that occurs in male and female mangrove crabs,
especially the sex ratio found in nature, where the growth
rate of females was faster than males. Hence, the impact on
the number of molting occurs from females, which causes a
strong correlation to the growth of crab claws. Wijaya
(2011) also said that the growth of mangrove crabs is
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influenced by the difference of original habitat

environmental quality in nature.

In Figure 8 obtained the Von Bertalanffy equation
model of male mangrove crab where the orthogonal type 6
polynomial equation is y = —8E11x5+5E-08x°-1E-
05x4+0.002x3-0.1476x2+5.9209x+8.0382 with a correlation
value of 0.999 and a model of 0.999 and 5E-08x5-1E-
05x4+0.002x3-0.1476x2+5.9209x+8.0382 with a
correlation value of 0.999 and female mangrove crabs get
the orthogonal type 6 polynomial equation is y = —2E-
08x5+5E-06x°-0.0005x4+0.0281x%+13.038x+10.753 with a
correlation value of 0.999.

Figure 8 explains the growth using Von Bertalanffy
model that the maximum growth of male was 11,118 cm in
an interval of 189 days, where at the beginning of their
lives (zero days) have a long growth of 7,186 mm, then
Figure 7 describes the maximum carapace length of female
was 9,6474 cm for 90 days. Still, the carapace length
growth was 0.9949 cm at the beginning.

During the interval of a month (30 days), the growth of
male mangrove crabs was 9.4747 cm, while the growth of
females reached around 9.5877 cm. If it was compared to
female growth, which reaches a maximum length at 80
days with a carapace length was 9.6447 cm, the growth of
males at 80 days has a carapace length reach to 11.042 cm.
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In terms of marine biological resource management,
mangrove crabs can run into changes for carapace length
growth, which has an interval of 1 month, where the
growth has reached a range between 9.4-9.5 c¢cm in both
males and females. However, male growth is faster than
females because males are more aggressive in looking for
food in their early growth and faster in carapace length
compared to female crabs. This is consistent with (Sunarti
et al. 2016, Tahya et al. 2016), where the activity of male
mangrove crab is greater than the females, as supported by
physiological mechanisms such as organ performance.

Mortality rate

The mortality rate consists of three parts, i.e., total
mortality, natural mortality, and fishing rate mortality.
According to Hill (1982), mangrove crabs mostly live in the
environment around mangrove ecosystems. This natural
habitat provides shelter from predators, foraging opportunities,
and nursery areas. The abundance of natural food in the
mangrove ecosystem can provide energy for mangrove
crabs. If damage or environmental changes occurred, it will
affect the carrying capacity of the habitat and deplete the
mangrove crab population. According to  Siahainenia
(2008) degradation of mangrove ecosystems can deplete
mangrove crab populations both in quality and quantity.

Figure 9 explains the mortality rate of male and female
mangrove crabs in the mangrove ecosystem of Tarakan
City. The annual total mortality for females was higher
(154.94%) than males (120.01%). The estimated total
mortality (Z) of mangrove crab in West Pasaman is 2.09
per year, (Hidayat et al. 2017). This is suspected because
local people make female mangrove crabs as one of the
main catches because they have a high enough price value
compared to male mangrove crabs because they have egg
yolks that have additional nutritional value for the human
body. According to the research of Haddon (2005) noted
that the total mortality rate of S. serrata species could not
be estimated correctly because of a lack of information
about mortality and stock assessments in the tropics.

Figure 9 explains the mortality variable of female
mangrove crabs (135.75%) is higher than males (84.69%)
for each year, and the exploitation rate of females (87.61%)
is higher than males (70.57%) for each year. The exploitation
rate (E) was 0.49, was observed in West Pasaman, West
Sumatra (Hidayat et al. 2017). According to Syakila
(2009), the mortality value was caused by the exploitation
rate that increased mortality. Based on the study results of
Haddon (2005), fish deaths due to exploitation of catches
cannot be estimated accurately. The variable of natural
mortality rate for male mangrove crabs (35.32%) is higher
than female (19.2%) in each year. Natural mortality (M)
was 1.06 per year, was observed in West Pasaman
(Hidayat et al. 2017). According to Sparre and Venema
(1999) regarding the natural mortality rate originating from
the population of mangrove crab species, the death is
caused due to old age, disease, viruses, bacteria, predation
of the food chain naturally even low carrying capacity of
the environment, especially for ecosystem habitats that are
not in accordance with ecological preferences and extreme
environmental changes or even food sources are not
fulfilled (Sparre and Venema 1999).
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Figure 9. Mortality of male and female Scylla serrata

According to Indarjo et al. (2020) also stated that the
natural mortality rate was caused by environmental
damage, bacteria, viruses, and predators in the food chain.
Statement of Yudiati et al. (2020) that the mortality of
captured male crabs is higher than female crabs. This
postulated that S. serrata females tend to caught more
easily than males. The female crabs naturally migrate to the
sea to spawn. Fishermen in the Mangkang Wetan waters
not only catch in the pond area but also on the coast. This
coast is the female crabs’ route to the sea when they need
to manage their offspring and continue their life in the sea.
Adult male crabs tend to settle in the mangrove forest area,
while female crabs will hatch their eggs and move to take
food in deeper marine waters with higher salinity (Alberts-
Hubatsch 2015). (Yudiati et al. 2020) explain that the high
rate of exploitation of female S. serrata at this study site
was due to the relatively high capture rate and a large
amount of demand, especially the carrying eggs females.

It can be concluded that male S. serrata is positive
allometry with fat body shape, and females are negative
allometry with a thin body shape. The growth rate of S.
serrata was 11.1118 cm for 189 days (male) and 9,6447 cm
for 80 days (female). Total deaths were 1,2001/year (male)
and 1,5494/year (female), natural mortality rates were
0.3532/year (male) and 0.192/year (female), deaths due to
capture (f) were 0.8469/year (female) male) and
1.3575/year (female). The male exploitation rate reached
0.7057 or 70.57%, while the female exploitation rate was
0.8761, or 87.61%. The level of exploitation of males and
females of S. serrata, which exceeds 50%, indicates that
overexploitation has occurred. Suggest that the susceptible
population of S. serrata in the waters of the Tarakan
Mangrove Ecosystem can be carried out a conservation
program in the mangrove ecosystem habitat area.
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