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Abstract

The windu shrimp (Penaeus monodon) is an economically important fishery spe-
cies in the waters of Tarakan. The shrimp is highly demanded for frozen seafood 
industry that makes its market price range attractive from Rp. 50,000 (USD 3.37) 
to Rp. 70,000 (USD 4.72)/kg. This can cause the species to be potentially exploit-
ed. However, due to lack of data, the exploitation status of the windu shrimp is un-
known. Hence, the present study was carried out to determine the absolute growth, 
mortality, and exploitation level of the windu shrimp in Juata waters of Tarakan. 
Sampling of the shrimp using experimental trawling net was conducted four times 
between June and August 2020 in the waters of Tarakan. Morphometric data of the 
windu shrimps including sex, total length, carapace length, and total weight were 
recorded and analyzed. The results showed that the sex ratio of male and female ti-
ger prawns was 1:1.08. The maximum growth of male and female shrimps was es-
timated at 26.875 and 21.435 cm respectively. The size of the male shrimps caught 
during the sampling ranged between 8.7 and 22.5 cm, and was estimated to be at 
13 to 67 days old respectively. Maximum growth of male shrimp was estimated 
at 26.875 cm that could be achieved within 411 days. The size of female shrimp 
caught during the sampling ranged from 9.8 to 19.3 cm with an estimated age of 
21 to 87 days respectively. The maximum growth for female shrimp was estimated 
at 21.435 cm, and achievable within 377 days. The mortality of male and female 
shrimps was not significantly different at 110.3% and 110.1% respectively. The 
fishing mortality for male and female shrimps was recorded at 19% and 22.5% 
respectively. The level of exploitation of male and female shrimps was slightly 
different at 17.2% and 20.5%, respectively. Finally, the natural mortality for male 
and female shrimps was estimated at 91.3% and 87.5%, respectively.
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1. Introduction
The estuarine area of Tarakan island is an import- 

ant ecosystem for biological resources (Saputra et al., 
2016; Perdana et al., 2016; Salim et al., 2018; Indarjo 
et al., 2020a). The ecosystem is known to house many 
economically important species including the tiger 
prawn or the giant tiger prawn, P. monodon (Narasimhan 
et al., 2013). The tiger prawn is one of the important 
frozen export commodities of Tarakan government. The 
fishing activity of windu shrimp is actively carried out 
in the waters around Tarakan island, particularly in the 
Juata waters. However, uncontrolled fishing activity of 
windu shrimp using unsustainable fishing gear such as 
trawling net can led to population degradation (Iromo 
et al., 2018). P. monodon can also be found in the seas 
of East Aceh, Java Sea, East Kalimantan, and in North 
Kalimantan, especially in the Sebatik waters, Nunukan. 
The price of the shrimp is quite high at the range of IDR 
50,000 to 70,000 (US3.37-4.72)/kg. This has attracted 
fishermen to exploit windu shrimp extensively using 
trawling fishing method. However, according to Saputra 
et al., (2016), the use of trawl fishing gear is damaging 
due to its unselective nature. It was suggested that only 
trawl net with mesh size of 1.5 inches (0.5cm) should 
be allowed to capture windu shrimps (Wahyuni et al., 
2017). This is also in accordance with the regulation 
of the Minister of Marine Affairs and Fisheries No. 50/ 
KEPMEN-KP/2017.

The intense fishing activity for windu shrimp 
in Tarakan waters justified a sustainable fisheries 
management to be in place. Nevertheless, data on the 
basic population dynamics of the shrimp including 
absolute growth, mortalities, and exploitation level are 
currently not available. This makes sustainable fisheries 
management difficult. Thus, the present study was 
conducted with the aim to measure the basic population 
parameters of windu shrimp in the waters of Tarakan 
city. locations were determined by the use of purposive 
random sampling method following results of interviews 
with fishermen who trawled windu shrimps in the Juata 
waters of Tarakan Island.

2. Materials and Methods
2.1 Sampling

Field sampling of windu shrimps (P. monodon) 
in the Juata waters of Tarakan Island was carried out 
for three months beginning June 2020 to August 2020. 
The sample collection was accomplished by using ex-
perimental trawling for 4 times (30 June 2020; 14 July 
2020; 29 July 2020, and 12 August 2020) during low 
tide throughout the sampling period. The sampling loca-
tions were determined by the use of purposive random 
sampling method following results of interviews with 
fishermen who trawl windu shrimps in the Juata waters 
of Tarakan Island. 

2.2 Data collection 

Individual shrimps were randomly collected during 
each sampling. Then, the data which included sex, total 
length, carapace length, total weight of each specimen 
of windu shrimp were recorded at the laboratory. The 
data were then used to estimate the absolute growth, 
exploitation level, and mortalities of the windu shrimp. 

2.3 Analysis Data
2.3.1. Sex ratio

At the laboratory, the male and female shrimps were 
separated. Then the proportions of males and females 
specimens were then calculated. Finally, the sex ratios 
were then tested using the Chi-square test (Steel and 
Torrie, 1993) to determine if the proportion of one sex 
is significantly different than the other.

Where:        Oi      =    frequency of tiger prawn male and 
female observed

 ei     =    the expectation frequency, where 
the frequency of tiger prawns plus 
females divided by two

χ2    =    a value for the random of variable χ2 
approaching the distribution of χ2

2.3.2. Age structure

The age structure was estimated using the formula 
suggested by Sparre and Venema (1999) as follows:

(∆L/∆t) = (L2 - L1) / (t2 – t1)

L(t) = (L2 + L1)

Where:  ∆L/∆t = Relative growth; ∆L = Length of the 
tiger prawn; ∆t = Difference of sampling time; 
L(t) = Modus of average length

The equation of the linear curve was obtained by 
plot between L(t) and (∆L/∆t) value to obtain the follow-
ing linear equation:

Y = a + bx

Note:  a = ((∑y/n) – (b (∑x/n))); b = (n∑(xy) – (∑x)( ∑y)) / 
(n∑x2 – (∑x)2)

The average value of modus length obtained from 
the regression equation was then used to calculate the 
asymptotic length (L∞) = –a/b and the growth coeffi-
cient is –b. Theorical age of the shrimp when the length 
zero was empirically predicted following Pauly (1984) 
as follows:

Log (-t0) = 0.3922- 0.275(Log L∞1.038 (Log K)

Where:  L∞ = asymptotic length (cm); K = growth rate 
coefficient; t0 = theorical age (year) when the 
length is zero.
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2.3.3. Von Bertalanffy model

Growth equation model of the windu shrimp was 
derived following models suggested by  Von Bertalanffy 
(1938), Sparre and Venema (1998), Gulland and Holt, 
(1959), and Sparre and Venema (1999) as follows:

Lt = L∞ (1-e-k(t-t0))

Where: Lt = Length with age t (unit of time); L∞ = 
Maximum theoretically/asymptotic length; K = 
growth coefficient growth (per unit of time); t0 = 
Theoretical age when the length is zero.

2.3.4. Mortality

Natural mortality (M) was estimated using the Pauly’s 
empirical formula (Pauly, 1984), where:

Log M = 0,00660,279 log L∞ + 0,6543 log K + 0,4634 
log T

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










−
−
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Capture mortality (F) was estimated as follows:

F = Z – M

The exploitation rate (E) was calculated using the Ba-
ranov formula (Sparre and Venema, 1999; Sparre and 
Venema, 1998) as follows:

Where : E = Rate of exploitation; Z = Total mortality; F 
= Capture mortality; M = Natural mortality

3. Results and Discussion

3.1 Sex Ratio and Size Distribution

The total catch during the 4 months sampling was 
589 windu shrimps which comprised of 283 males and 
306 females. The sex ratio (male: female) of the windu 
shrimp population in the Juata waters of Tarakan City 
was estimated at 1: 1.08. The overall sex ratio of the 
windu shrimp population is almost balance between 
males and females. The shrimp population can be cat-
egorized into three different groups according to length 
and weight: small, medium and large, respectively (Ta-
ble 1, Table 2, Figure 1, and Figure 2).

The predicted age structure of the windu shrimp in 
juata waters is depicted in Figure 3. It was noted that the 
growth rate of the windu shrimp decreases with length 
i.e. as the shrimps elongate, the growth rate becomes 
slower. Based on the predication (Figure 3), the aver-
age growth rate of male shrimps was 0.0264 cm/day and 
female shrimps at 0.031 cm/day. Based on this model, 
the maximum growth (infinitive) of male shrimp was 
26.875 cm, and 21.435 cm for female shrimps.
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3.2 Age Structure 
In the Von Bertalanffy model, the age structure for-

mula is based on the total length of the male tiger prawns 
and female tiger prawns. In the results of this study, the 
age structure variables for males and females (Figure 
3), have different linear regression values. To get the 
regression value equation using the correlation of two 
different variables, namely the variable of growth speed 
and the variable total length of male and female tiger 
prawns. The variable of the age structure of male tiger 
prawns obtained a linear regression equation, namely y 
= -0.0264x + 0.7095 with an R square value of 0.805 
and a correlation value of 0.89722, and the age struc-
ture of female tiger prawns obtained a linear regression 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
equation of y = -0.031x + 0.6645 with the R square val-
ue is 0.8766 and the correlation value is 0.93627.

The correlation value of the two linear regression 
equations, both male and female, has a greater correla-
tion value of 0.8 (M = 0.89722 and F = 0.93627), accord-
ing to Sarwono (2006) explaining that if the correlation 
value is 0.8-0.99, it has a correlation value between the 
variable growth speed of tiger prawns (male and fe-
males) and the total length growth variable has a very 
strong relationship. This explains that the graphic image 
in the downward direction to meet the x-axis (variable 
total male and female length), explains that the growth 
rate at the beginning of the growth period has a very fast 
growth rate, but is in line with the passage of time and 
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(87.5%). According to Sparre and Venema (1999), the 
natural mortality rate of a fish population can be caused 
by old age, exposure to diseases, natural predation, and 
mortality due to unsuitable environmental carrying ca-
pacity such as habitat disturbances and occurrence of 
extreme environmental changes or insufficient food sup-
ply (Sparre and Vename, 1999; Indarjo et al., 2020a).

4. Conclusion 
The current study found that the ratio of male and 

female of the windu shrimp in the Juata waters of Tarakan 
was slightly biased towards female. Furthermore, the 
male shrimp population was noted to have greater von 
Bertalanffy estimated maximum length than the female 
shrimp. The total and natural mortalities of male shrimps 
were also higher than female shrimps. However, fishing 
and exploitation rates for female shrimps were recorded 
higher than male shrimps.
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