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Abstract. The southern coast of Java, including Kebumen and Cilacap coastal, has
important commodities that have high economic value which is lobster. However, this
economic value become a trigger for uncontrolled exploitation, whether the number of
catches and their size. Monitoring the status of lobster resources is difficult to do due to
inadequate quality of catch data. Another method needs to be done using better validity data
by making capture and direct recording data. The aims of this study is to determine the
growth, mortality and exploitation rate of spiny lobsters (Panulirus homarus) on the beaches
of Kebumen and Cilacap. Periodic sampling by measuring carapace length was carried out at
these two beaches from November 2017 to March 2018. Longer studies were not possible
because outside these months spiny lobsters were caught in very small quantities. The
growth of spiny lobster (Panulirus homarus) is done with the Von Bertalanfy growth model
in the form of Lt = Loo (1-exp (-K (t- t0)), calculating growth parameters K, Loo used Elefan
1 in the FISAT Il software. t0, Mortality and exploitation rates are calculated using Pauly's
(1984) empirical formula. The results showed that successive growth parameters were as
follows: K =0.1300; Loo = 116.55; t0 = -0,1806; Z = 0.2823; M = 0.2655; F = 0.0167 and E
= 0.0595. The low level of exploitation indicates that the resources of spiny lobsters on both
beaches have not experienced overfishing. However, based on the results of sampling of
spiny lobsters, as many as 910, only 8.5% had carapace length more than 80 mm

1. Introduction
Growth and mortality are two important parameters that control the population and sustainability of
marine resources, beside information of immigration, emigration and recruitment. A population
increases due to recruitment, growth and immigration. And it will be reduced due to mortality and
emigration. In order to maintain the sustainability of resources, it is necessary to conduct a study to
estimate the value of the parameters, especially for species that have high economic value and high
fishing intensity. This situation occurs in the species of crayfish or lobster. Results of discussions with
local fishermen state that Spiny Lobster (Panulirus Homarus) was the main catch in Kebumen and
Cilacap coastal, while the other species are caught in small numbers or are difficult to find. Lobster
production in Kebumen coastal over a period of five years from 2012 to 2016 fell to a quarter (from
24.17 tons to 6.18 tons) while fishing trips almost doubled in that period (from 52.86 trips to 115.94)
[1]. Similar events also occur in Cilacap, indicating that although fishing efforts are increased but will
not increase production, even vice versa. The most likely cause is the decline in lobster resources due
to high fishing activities, also known as overfishing.

Estimates of sustainable catch, have been carried out by several researchers [2], [3], [4] using the
Schaefer surplus production method. The method is difficult to applied [3] because some assumptions
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of the production surplus model are not fulfilled or the results are less convincing [2] because in the
period of research for 6 years from 1998 to 2003 only the 1998 and 2003 periods the catch exceeds
the estimated maximum sustainable yield (MSY). Other years are still under MSY estimates. Another
approach needs to be taken to estimate the populations by calculating the parameters of a population,
such as growth and mortality models both natural and fishing and exploitation rate.

2. Research Method
Sampling of spiny lobster has been done in Kebumen and Cilacap Coastal as shown in Figure 1,
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Figure 1. Sampling station of Spiny Lobster (Panulirus Homarus) in the Kebumen and Cilacap
coastal.

Measurements of lobster carapace length were carried out for five months from November 2017 to
March 2018. Carapace length measurements were carried out using a calipers run in mm. Spiny lobster
sampling in Cilacap coastal uses surface gill net, while in coastal Kebumen using krendet (traditional
fishing trap).

2.1. Growth Model
The growth models of spiny lobster base on the von Bertalanffy model [5], the mathematical model of
von Bertalanffy equation is

Lt = Loo (1-exp(-K(t-to)) Q)
Where :

Lt = Length at time t (mm)

Loo = Asymptotic length (mm)

K = Growth coefficient

to = Theoretical age at length equal to zero

The value of Loo and K calculated using ELEFAN 1 in FISAT 1l Program launched by FAO. The
value of to was calculated using empirical equation of Pauly [6], as follows:
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Log (-to) =0,3922 — 0,2752(log L) 2
—1,0380(log K)

Then, all values that have been obtained for Loo, K, and t0 are included in the Von Bertalanfty
formula so that the equation and the growth graph are obtained. This is done to determine the growth
of the length of the sand lobster during a certain age until it reaches its asymptotic length.

2.2. Total Mortality

The total mortality rate (Z) of the average size of the catch can be known if a large number of long
frequency data is obtained from the stock with the existing fishing gear, so that the Z value can be
estimated from the average length of lobster (L") in each catch of the population Beverton and Holt [6]
or can be formulated as follows:

K (Loo-L)

2= @)
Where:
Z = Rate of total mortality
Lo = Asymptotic length
K = Growth coefficient
L = Average length of Lobster (mm)
L’ =The smallest length lobster caught (mm)

2.3. Natural Mortality

The calculation of natural mortality value (M) is identified by the empirical formula of Pauly [6],
but it is advisable also to take into account the habits of lobster are clustered natural mortality value
multiplied by 0.8 so that species that gather the true value being 20% lower [5]. Following is the
formula for calculating the value of natural mortality:

In M =-0,0152 - 0,279 In Lo+ 0,6543 In K + 0,463 In T (4)

M = 0,8*exp(InM)

Where:

M = Natural Mortality

Loo = Asymptotic length

K = Growth coefficient

T = Average surface temperature of water (°C)

2.4. Fishing Mortality

The total mortality (Z) is the sum of the value of natural mortality (M) and the value of fishing
mortality (F), so that the value of F is obtained from the following calculation results:

F=Z-M ()

2.5. Exploitation Rate
Rate of exploitation (E) is ratio of fishing mortality (F) and total mortality (Z) [6] written as follows:

E= —— (6)

Where:
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F= Fishing mortality
E= Exploitation rate

3. Results and Discussion

3.1. Length Frequency Data

The total number of sample of Spiny Lobster (Panulirus homarus) were 910. Carapace length was
classified into 25 classes. The smallest Spiny Lobster (Panulirus homarus) was 18 mm and the biggest
was 111 mm. Sampling duration was five months starting in November 2017 until March 2018 which
is the season of spiny lobster at these two coastal areas. Before and after this duration only few spiny
lobster available. Data were collected directly from the fisherman which sampling on 22" every
month.

Spiny Lobsters in Cilacap coastal were captured using surface gill net since this coastal has calm
wave and Spiny Lobsters in Kebumen coastal was trap using Krendet tradisional fishing traps.
Tabulated data as in Table 1 was then analyzed using Elefan | in Software Fisat Il launched by FAO
(Figure 2).

Table 1. Data Tabulation of Spiny Lobster (Panulirus homarus) from Kebumen and Cilacap

Coastal.
Class min max mean 2017 2018
Mowv. Dec. lan. Feb March
1 18 27 22.5 1 59 62 52 0
2 215 30.5 26 1 182 Fi 4 0
3 25 34 2895 & 25 14 17 0
4 28.5 375 33 & 24 24 28 0
5 32 4] 36.5 B 15 10 4 3
B 355 445 A0 7 5 3 2 1
7 39 48 435 14 2 11 15 5
g 425 515 a7 8 1] 12 5 1
O 46 55 50.5 1B 0 22 4
10 49 5 58.5 54 24 2 17 3 0
11 53 62 57.5 14 1 18 B 2
12 56.5 65.5 ol 12 4 22 20 &
13 &0 B9 515 7 14 23 25 7
14 63.5 725 S 1 B 4 1B 3
15 o7 Fi) 715 g 4 4 17 4
16 70.5 79.5 75 7 1 1 9 1
17 74 23 JBS 2 20 1 B 0
18 775 B6.5 B2 2 3 3 2 1
149 21 1] g5.5 4 2 1] 2 1
20 245 43.5 89 0 1] 1] 1] 0
21 2E o7 025 0 2 1 0 1
22 91.5 100.5 1 0 (i 1 0 0
23 g5 104 g9.5 0 1] 1] 1 0
24 OB 5 107.5 105 0 1 ) 1 0
25 102 111 106.5 0 (i (i 1 0
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Figure 2. Output Result of K-Scan from
Software FISAT II.
3.2. Growth model
The result of growth parameter analysis of spiny lobster is presented in Table 2.
Table 2. Parameters growth of Spiny Lobster (Panulirus homarus)
Parameter Value
K 0.1300
Lo 116.55
to -0,1806
Based on the growth parameters of lobster above, the equation of von Bertalanffy was:
Lt =116.55(1-exp(-0.1300(t + 0.1806)) @)
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Figure 3. Von Brtalanffy Growth Function of Spiny Lobster (P. Homarus)

Figure 3. shows that spiny lobsters have a significant growth rate until reaching carapace
length 100 mm, based on the equation model of von Bertalanffy obtained, to achieve this size spiny
lobsters requires approximately 15 months.

Extracted from Table 1, shows that spiny lobsters in Kebumen and Cilacap coastal are kind of
lobster that still small size (Figure 4), where lobsters that can be traded in Indonesia is a lobster with
carapace length of 80 mm [7] (Permen-KP No. 56 - 2016) , whoever most lobster in both coastal
areas has a carapace length less than 80 mm (91.5% ) and only 8.5% has carapace length 80 mm or
more. It means that lobsters with carapace length less than 80 cm are considered to be very cheap.
While the size of carapace length 80 mm or more in international market reached 700,000 IDR/ 500
grs.

At least 3 months needed to raise spiny lobsters from carapace length 64.3 mm to 80 mm, the
size are ready for sale in international market legally. Culture of lobster in both coastal areas is not
yet well known.

Since 2006, spiny lobster caught by fishermen in the South Coast of Java (Kebumen,
Yogyakarta and Wonogiri) have weighs less than 100 grams which are economically very low [8],
[9],[10]. Fattening has been done in order to increase the weight of spiny lobsters to reach size above
100 grams or carapace length 46 mm from the seed weight 50 grams or carapace length 35.5 mm
takes four months [8].
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Figure 4. Size distribution of Spiny Lobsters (P. Homarus)

3.3. Mortality

Based on the research data it is known that the average length of sand lobster (Panulirus Homarus) (L)
is 49.0726 mm and the smallest length of sand lobster (Panulirus Homarus) (L") is 18 mm, so that the
total mortality rate (Z) can be determined [11], i.e. 0.2827. Furthermore, from the calculation [6]

obtained the value of natural mortality (M) 0.2655, capture mortality (F) 0.0167, and the rate of
exploitation (E) was 0.0595.

Table 3. Mortality and Exploitation rates of Spiny Lobster (P. homarus) from Kebumen and Cilacap

Coastal
Mortality Value (per year)
Total (2) 0.2823
Natural (M) 0.2655
Fishing (F) 0.0167
Exploitation (E) 0,0595

Fishing mortality from spiny lobster is much lower than natural mortality (Table 3). Natural
mortality is caused by external factors such as predation, disease, food availability, physical
chemical of waters. This natural mortality is also related to ecosystems, the same species in different
waters may have different mortality rates depending on the density of predator and competitors.

Increasing the water temperature will lead to increase in the natural mortality of lobster [6]. The
rate of exploitation can also explain the status of a lobster stock in the waters. If the rate of
exploitation of lobster exceeds the optimum figure of 0.5, then it can be said that the stock of lobster
in these waters has occurred overfishing. In addition, estimation of lobster stocks in the waters
optimally exploited is when the value of capture mortality (F) equals natural mortality (M) [12]. The
status of lobster resources in Kebumen and Cilacap coastal is based on the exploitation rate of
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0.0595 far below the hazardous exploitation level of 0.5. However management needs to be done
because the spiny lobster found on both beaches is still in a small size that still has a very rapid
growth speed and almost has no economic value

4. Conclusion

Based on the results of the study, it is known that the growth rate of Spiny Lobsters (P. homarus ) in
Kebumen and Cilacap coastal, has a growth coefficient (K) of 0.1300, with asymptotic length (L..)
116.55, and the imaginary age of lobsters when the length is 0 cm (to) is -0.1806. Total mortality,
Natural mortality and Fishing mortality were 0.2823, 0.2655 and 0.0167, respectively, while
exploitation rate was 0.0595.

Acknowledgments. We wish to thank to all those who have helped from the start of the research to
the completion of this article.

References

[1] Statistik Perikanan Provinsi Jawa Tengah. 2017. [Fisheries Statistics Central Java Province].
Dinas Perikanan dan Kelautan Provinsi Jawa Tengah.

[2] Kadafi M, Widaningroem R, and Soepamo. 2006. Aspek Biologi dan Potensi Lestari Sumberdaya
Lobster (Panulirus sp.) di Perairan Pantai Kecamatan Ayah Kabupaten Kebumen.[Biological
Aspects and Sustainable Potential of Lobster Resources (Panulirus sp.) In Coastal Waters of
Ayah District, Kebumen Regency] Jurnal Perikanan Vol (1):108 — 117.

[3] Suradi WS. 2009. Status Pemanfaatan Lobster (Panulirus sp) di Perairan Kebumen [Status of
Utilization of Lobster (Panulirus sp) on Kebumen Coastal] Jurnal Saintek Perikanan Vol. 4,
No 2, 2009: 10 — 15.

[4] Supardjo S. Djasmani, Djumanto and Sukardi. 2012. Utilization and Catch Rate of Spiny Lobster
in the South Coast of Yogyakarta Special Region. Jurnal of Fish Science X1V (1): 20 — 26.

[5] Sparre P and Venema SC. 1998. Introduction to tropical fish stock assessment. Part 1, Manual,
FAOQO Fisheries Technical Paper. No. 306.1, Rev.2 Rome 407.

[6] Pauly D. 1984. Some Simple Methods for The Assesment ofTropical Fish Stocks. Food and
Agriculture Organization of The United Nations. Roma.

[7] Peraturan Menteri Kelautan dan Perikanan Republik Indonesia Nomor 56/PERMEN-KP/2016
[Regulation of the Minister of Marine and Fisheries of the Republic of Indonesia Number 56 /
PERMEN-KP / 2016] tentang Larangan Penangkapan dan / atau Pengeluaran Lobster.
(Panulirusspp.), Kepiting (Scylla spp.), dan Rajungan (Portunus spp.) Dari Wilayah Negara
Republik Indonesia.

[8] Setyono DED. 2006. Budidaya Pembesaran Udang Karang (Panulirus spp). [Fattening and
Culture of Spiny Lobster] (Panulirus spp)].Oseana,VVol XXXI,No.4:39-48.

[9] Kusuma RD, Asriyanto, and Sardiyatmo. 2012. Pengaruh Kedalaman dan Umpan Berbeda
Terhadap HasilTangkapan Lobster (Panulius sp) dengan Jaring Lobster (Bottom Gill Net
Monoflament) Di Perairan Argopeni Kabupaten Kebumen. [ Effect of Depth and Different
Bait on Lobster Catch (Panulius sp) on Lobster Net Bottom in Argopeni Waters of Kebumen
Regency] Journal of Fisheries Resources Utilization Management and Technology. 1(1):11 —
21.

[10] Zaenudin M and Denada ADP. 2016. Sebaran Ukuran Lobster Pasir (Panulirus homarus) Di
Wonogiri. Jawa Tengah. [Distribution of Size of Lobster (Panulirus homarus) in Wonogiri]
Saintek Perikanan VVol.12 No.2: 109-11

[11] Beverton RJH and Holt SJ. 1956. A review of methods for estimating mortality rates in exploited
fish populations, with special reference to sources of bias in catch sampling. Rapports et
Proces-Verbaux des Réunl ons Commission Internationale pour I’Exploration Scientifique de
la Mer Méditerranée, 140, 67-83



4th International Conference on Tropical and Coastal Region Eco Development IOP Publishing
IOP Conf. Series: Earth and Environmental Science 246 (2019) 012081 doi:10.1088/1755-1315/246/1/012081

[12] Gulland JA. 1983. Fish Stock Assessment: A Manual of Basic Method: Wiley and Sons Inter-
science Volume 1, FAO/Wiley Series and Food Agriculture. P. 233



