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The growth rate of banana-shrimp
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Pariaman, Padang, West Sumatera, Indonesia; #Faculty of Fishing Technology, Jakarta
Technical University of Fisheries, South Jakarta, Indonesia; Corresponding author: E.
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Abstract. Fenneropenaeus indicus is one of the impertant-economically important types-species of shrimp
cultivated in South Sorong Seneboy waters and currently its production tends to decrease. Studying its
biological aspects prOV|des Gﬂe—ef—th& data and information needed H:}—fOI’ assessmg its exploitation and
managing i its conservation. This
study aims to examine the b|o|og|ca| aspects of F. indicus as a aeheyLmaterlaI for shrlmp fisheries management
in the waters of Seneboy, South Kalimantan. The study was conducted in January-November 2017 in the
waters of Seneboy. The results showed that the average size of the caught female F. indicus eaught-was 13.2-
52.8 mm -carapace length (CL), €-with a mode size of 31.1-33 mm CL, carapacetength-(Ck)-and the average
size of a male shrimp was 16-49.6 mm CL with a mode size 29-31 mm CL. The sex ratio of male and female
shrimp is 1:1.8. F. indicus spawning season is suspected to last all year and peak in February and October.
The average size of the first time caught (Lc)=31.1 CL) shrimp is smaller than the average size of the first
time cooked gonads (Lm) {31-1<=35 mm-€L) so that most of the shrimp caught are small and have not

spawned. In female F. indicus, the gGrowth rate (K), asympﬁotlc carapace length (CL%); and age at length O

(t0)effermale F—indicusattength-0-(t0)ywere_of : 1 1 CT [year 54.6 mm CL and -0.14883 years, respectively;
, while_in male they weref—ndieusis of: 1.0 cm year 52.6 mm and -0.136202 years, respectively. Naturat

The natural mortality rate (M), death rate due to capture (F), total death rate (Z); and exploitation rate (E)
of female rock lobsters at-were 2.64 cm year?';-, 1.53 cm year?;-, 2.64 year'; and 0.48 year, respectively-

. White-while in_male F. /ndlcus amounted to 2.64 cm year';—, 1.42 cm year';—, 1.22 cm year';—_and
exploitationof£0.56 cm year?, corresponding to aner eptimum-optimal utilization of the F. indicus resources.
The statusrate-ef-expleitationfexpleitation of F. indicus in Seneboy waters is “not fully exploited”.

Key Words: biology aspect; shrimp fisheries management; sex ratio; spawning season.

Introduction. [Fenneropenaeus indicus is one of the important commodities in the waters of
Seneboy, South Sorong. Fhis—type—ef-F. indicus has impertant—an_economic value and
contributes to the improvement of the fishermen's eesremy-life in South Sorong. Seneboy
fishermen catch F. indicus using a 4 meter nylon trammel net as fishing gear, operated by 3

people fromwith an—average-tonnageef 3-GTvessels of about 6 m in length, made of wood
and fiber, of an average tonnaqe of 3 GT and a mam encnne power of 15 HP-main—enrgine

. Mesh-The mesh

poewer, y
size is of of 1.5-7. 25 |nch W|th a polyethylene head PErope of @8 mm#eethebhead%eﬁe The
length of the ground rope is 660 m. This effective and environmentally friendly fishing gear
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is an-effectiveand-envirenmentally-friendlyused fishing-gearfor catching F. indicus and other
types of demersal fish which are bycatch (BRPL, 2016).|

The trammelretfleetin—catching time per_trip ranges from 6-_to 9 hours (er—start
atfrom 07.00 to 16.00 hours—, which is one day fishing};—) and the fishing ground ranges
from 1- to 20 miles, with a distance of about 1-4 hours from the landing base. Shrimp-The
shrimp fishing grounds are located around Wawonket Cape, Dua Island, Daram Island, Sibabu
Cape, Komokara Cape, Sabuga Island, Sele Cape, Misool Islands, Sinabu Cape, Banana Island
and Segeat Island. Shrimp-The shrimp fishing season is 12 months with the highest season
in July-November, with a catch of around 10-100 kg trip™!. The pProduction of shrimp and
other crustaceans in South Sorong waters, in the period 2009 to 2016, ameunted-tereached
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4,051 tons, with an annual average of 506.42 tons or 38.75%)] total production. Meanwhile;

Ithe annual average production of F. indicus is H75 75 tons|, with the highest production in

2010 of 557 tons and the lowest in 2013 of 350 tons (DKP Sorong 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fisherman—fishermen in Temibuanan Regency. Catching
shrimp at this location is carried out very intensively, so that fishing activities need to be
eentroledsupervised-in—its—utilization. One—-of theeffertsindeterminingmanagementis by
examining-several-aspeets-ef-The biology and population parameters_provide the control and
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that the total catch is of 506 tons of all species of
crustaceans. Are these 475 tons of white shrimp included
into the total of 506 tons? White shrimp is Fenneropenaeus
indicus?

management criteria to the marine authorities.

Research on several aspects of biology and population parameters was extensively
conducted in several waters in Indonesia;—+~amely-in-the-waters—ef: Arafura (Naamin 1984),
Cilacap (Suman 1992; Suman & Boer 2005; Saputra—2685 Hargiyatno et al 2013; Saputra &
Subiyanto 2007; Hargiyatre—etal-2613), Strait Madura (Setyohadi et al 1999), Kotabaru
(Suman & Umar 2010), Bone (Kembaren & Ernawati 2015), Tarakan (Kembaren & Suman
2013) and Meulaboh (Yusuf et al 2017). |

The study prowdes information on the exploitation status of shrimp-fisheriesasa-cateh

, based-enfacing the market- demand and an the-increasing

commercial value-ef-shrimp. Ratlonal management actions need to be taken se-thatin order

to maintain a sustainable balance of the shrimp resources-are-ir—a—sustainable—_batance—and

Estimation-the population parameters estimation efpepulationparameters-is reeded-required

as supporting data and information-rthis-managementramelyevaluating the statusofwhite

shrimp-inerease-from-year-to-yearso-thatit-can-be-used-sustainably. The results of this study

are expected to complement and update previous studies, te—underlie—underlying the

management of F. indicus resources in the waters of Seneboy, South Sorong, and its
surroundings.

Material and Method

Research location and time. F. indicus sampling was carried out with a _trammel net,
obtained from fishermen and shrimp collectors in Seneboy Temibuana, South Sorong, from
January to October 2016. The enumerators were taking samples using a random sampling
method. The data collected included carapace length (CL), weight, sex, gonad maturity level
and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html).

TR M5 Hizati - Biological data analysis
included the size distribution, sex ratio, gonad maturity level, average size of first caught
specimens (Lc). The analyzed population parameters were the growth pattern (ClLoo, K),
mortality parameters (Z, M, F) and utilization rate (E).

The distribution of carapace length measurements is presented in the form of a bar
chart with a length class of 2 mm. The level of maturity of female shrimp gonads was observed
visually based on Motoh (1981), namely by looking at the size of the shrimp ovary, located
on the-its back—underthe—sunr. Shrimp sex ratios were analyzed using the Chi-square test
(Walpole; 1993)

ea%apaee—lengt—h—aﬁd—&m 7 -
following—equatior:—The length at first matured (Lm) is obtained by entering the carapace
length and Pum values into a graphical logistic function (King 1995), with the following
equation:

1

Pim = T exp(aci v b)

The value of carapace length caught for the first time (Lc) is obtained through a logistic
function approach, with the Sparre & Venema (1992) equation:

1
S =
L7 1+exp(a—b+CL)
Where:
Sev—the-fishing-gearseleetivity;
a-and-b—constant:
AACL Bioflux, 2021, Volume 14, Issue x. 3
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cL—thelength-of shrimp-carapace;
“the-value-of CLe —obtained from-a/b:

Where:
a = the intercept of regression;

b = the slope of regression;

SL = logistic curve and Lc was determined by a/b.

The method used in the study of population parameters is an analytical model based
on the composition of the age structure of the shrimp (Sparre & Venema; 1992). The growth
parameters of Von Bertalanffy, namely the asymptotic carapace length (CLo0) and the growth
coefficient (K) were estimated by the ELEFAN I program in the FISAT II program (Gayanilo et
al-z 2005). AnE_estimation of the theoretical age (t0) is carried out with the Pauly's (1983)
empirical equation, namely:

Log (—to) = (—0.3922) — 0.2752log CLoo — 1.038log K

The value of the natural mortality (M) is estimated by-through the Pauly’s equation,

by explaining-that-there-isanincluding the effect of the mean water temperature (T) on the
mortality rate, based on empirical observations (Pauly et al-; 1984):

Log M= (-0.0066)-0.279 logCL®+0.6542 logK +0.4634 LogT

The total mortality (Z) value was estimated using the length-converted catch curve
method in the FISAT II program package (Pauly; 1983; Gayanilo et al; 2005). Capture-The
capture mortality and exploitation rate are estimated using the Sparre & Venema (1992)
equation;:s:

Where:

E - the exploitation rate;
F - the Fishing mortality;
M- natural mortality;

Z - the total mortality;

Results and Discussion

Biological aspects. Samptes-ofA number of F—ndicus-ebtained-during-thestudy-were-2,085
F. indicus, specimens were collected during the study were;—€ensisting—ef: 1,174 females ~
indieas-(56.31%) and 911 males (46.69%). The carapace length of female F. indicus ranges
ranged from 13.2 —to 52.8 mm, with-for a weights ranging from 9.6- _to 88.4 g, with two
modes in the ranges of 29-31 and 31.1-33 mm CL. The carapace length of Meanwhie,—male
F. indicus ranged between 16-49.6 mm, for a weights ranrged-ranging from 15.4- to 78.6 g,
with a mode in the range of 29-31 mm_CL (Figure 2).
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Figure 2. Length frequency of Fenneropenaeus indicus in Seneboy waters.

The sex ratio determination of F. indicus in the waters of Seneboy South Sorong is based on
the chi_squared test;—, which indicates an imbalance the-condition-is—rot-balanced-between
the rumberef-male shrimp-and female shrimp_populations—: Female-in_most cases, female
shrimp are-dominate the catchughtrere-deminantlythan+rales. Fhe-Although the average
sex ratio of F. indicus ef-males and females shrimp-is 1: 1.78—, Meanwhile,the sexratie-of F
iadicas-it showed a balanced eenditien—value of 1:-1 in February, March, September and
October (Table 1).

Table 1
Sex ratio of Fenneropenaeus indicus in Seneboy waters, January-October 2016
Months Sex ratio of F. indicus Comparison
(2016) Male Female M:F ratio X2 P=95%
January 66 162 1 2.45 40.42 Not balanced
February 100 98 1 1.48 0.02 Balanced
March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 Not balanced
May 149 97 1 1.47 10.99 Not balanced
June 56 144 1 2.18 38.72 Not balanced
July 100 161 1 2.44 14.26 Not balanced
August 62 138 1 2.09 28.88 Not balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 Not balanced

The highest proportion of mature female F. indicus (the maturity level of gonads III and the
maturity level of gonads IV) was in January, February, September and October, with the peak
maturing of gonads in October. The proportion of mmature—females with mature gonads in
January, February, September and October was 60, 44, 46 and 40% (Figure 3).
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IFigure 3l Proportion of Fenneropenaeus indicus females
with mature gonads in Seneboy waters, January-October 2016.

The size of the first time capture (Lc) corresponds to the probability level of L50% en-of the
trammel net selectivity, explaininrg-meaning that the eppertunityferthecatch distribution of
F. indicus issuitablete-be-cauvghtcan influenceerease the availability of resources. The logistic
function graph with a class interval of 2 mm_CL is-ebtainedindicates that the average value
for-at _the first time-capture (Lc) of F. indicus is 31.1 mm_CL, with an average value (Lm) of
35 mm_CL fer-at the first sime-gonad maturation (Figure 4).

dicusle=31.1mmCL
0.5

& Shobs
— 51

o 10 0 20 4 50 60

Carapace length {[mmCL)

Figure 4. Average length at first Fenneropenaeus indicus eaptured-capture with a trammel

net of theFenrerepenaeusindicas—with-trammelnet.
Populatlon parameters %&ﬁstﬂ%&e#%he—aﬁaﬁas%ased—eﬂ—the—leﬁg%h—ﬁrequeﬂey—e#em&e

parameters of F. /ndlcus in the Seneboy Waters is processed from long frequency distribution
data carapace by tracking any mode shift the distribution of carapace length frequencies in a
curved sequence of times Von Bertalanffy's growth. Based on the results of the analysis, it

AACL Bioflux, 2021, Volume 14, Issue x. 6
http://www.bioflux.com.ro/aacl

Commented [WU25]: Please correct the label of y axis
(“frequencei”)

[ Commented [EN26R25]: Corrrected. Thank you

Commented [WU27]: Please explain how do you
determine the growth coefficient from the figure 5? Explain
the vertical histograms in figure 5

[ Commented [EN28R27]: Corrrected. Thank you




was found that infinitive carapace length (Loo) of female F. indicus 54.6 mm, the growth rate
(K) is 1.1 year ! and the male is 52.6 mm, the growth rate (K) is 1.0 year (Figure 5). From
the value of these two parameters agrowth equations and so can be created a key relationship
between carapace lengths with aged shrimp by using multiple variation in age value (t).

Length (mem)

Length (mm)

Figure 5. Growth model of male (A) and female (B) Fenneropenaeus indicus by ELEFAN I in
Seneboy waters.

The asymptotic carapace length (L) of female F. indicus was 54.6 mm_CL and 52.6 mm_CL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202 for
males. So that the equation for the Von Bertalanffy equation for female F. indicus is as-Lt =
54.6 (1-e-1,100 (t-0.14883)) and for male F. indicus, it is Lt = 52.6 (1-e-1,00 (t-0.136202))

(Figure 6). The maximum size range of F. indicus is estimated at the age of 1.8 years or
around 20 months. The average size of 31.1 mm CL efin caught F. indicus eavght(Lc) 3+
mmck-was estimated at the age of 7-8 months. The average mature gonad size ef-in females

(Lm) was genad-ripe-average{km)-of 35 mm_CL, was-estimated-at the age of 9-10 months.
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Figure 6. Von Bertalanffy curve of Fenneropenaeus indicus in Seneboy waters.

The total mortality rate (Z) of female and male F. indicus based on the length-converted catch
curve#eﬁgt—h—eeﬁvefaen—ebwe—mt-h—t-he—ea%eh is 3.16 year'!, with a natural mortality rate (M)
of 1.64 year! and the mortality rate due to fishing (F) of 1. 53 yeart. The total mortality rate
(2) of male F. indicus was 2.64 year!, the natural mortality rate (M) was 1.42 year! and the
mortality rate due to fishing (F) was 1.22 year. Based on these mortality parameters, the
utilization rate of female-F. indicus was 0.48 for females and mate-was-0.46 for males (Figure
7).

E Length-Converted Catch Curve Length-Converted Catch Curve
(for Z=2.84; M (at 29,0°C}=1.42; F=1 22; Es0 45) (for Z=3.15, M (a1 29.0°C)=1.84; F=1.53; E=0.48)
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Figure 7. Growth curve of male (A) and female (B) Fenneropenaeus indicus in waters of
Seneboy.

Discussion. The size distribution of F. indicus caught in the study area was greater than that
in Kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for males
and 34.96 for females. The size of F. indicus specimens and-was—net+auch—differentfrom
these-caught in Meulaboh waters are-fematles—with—ranrges-ranged between 17.8-_and 79.54
mm_for females and; mmales-between 18.3-_and 64.36 mm_for males. The size ofWhereas
Penaeus merguensis in Central Java waters ranged between fer-mates-is-20-_and 62 mm for
males and between females-14-_and 68 mm_for females, watersin-WestJava+{and averaged
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17 _to -47 mm_in West Java waters) (Tirtadanu;& Panggabean 2018; Yusuf; 2017; Suman et
al-; 1988). Differences in shrimp size at several locations can be caused by different gears,
environmental conditions and fishing pressure (Olin et al-s 2017; Wilson et al; 2010;
Matthews; 1982; Ogbonna; 2001). Given tissuspected-that-the larger shrimp size in Seneboy
waters, it is supposed that is-the species is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced: with-the
aumber—offemales eaught—being—more—deminant—dominated than—malesthe catch. The
unbalanced eendition-sex ratio is similar to the F. indicus caught in Meulaboh waters (Yusuf;
2017; Saputra; 2008; Saputra et al; 2013; Wedjadmiko & Yulianti; 2003;
WedjadmikeWedjatmiko; 2009; Suman et al; 1991)—), Fhisconditionshewssuggesting that
the fishing pressure of shrimp resources in Seneboy waters has not disturbed the population
renewal so that the sustainability of shrimp stocks is still well maintained.

The peak indicestimated_that a higher frequencyprepertion of mature gonads in ripe-F.
indicus eceurs—occured in February and October—, Fhedisceveryef-maturegonadsindicates
that-this-menthissuggesting the spawning seasons for the shrimp (Martosubroto; 1978). Fhe
For comparson, the peak-spawning peaks occurred in ef-November for several types of
Penaied shrimp-inctadingP—merguiensisin from the waters of West Kalimantan (lncludlng P.
merguiensis), in January and August for the
Metapenaeus monoceros fromir the Southern Java waters and from September to October
for the seeurredindanuaryand-Augustand-the peakspawningef-Metapenaeus monoceros i

from the Gulf of Carpentaria, Australia ececurs—from—September—to—October—(Kembaren; &
Suman 2013; Suman et al-; 2005; Crocos et al-; 2000; Pillai & Thirumilu; 2013; ard-Gerami

et al; 2013). The spawning season for F. indicus in the study area isseen-te-lasted throughout
the year, with a—peaks in February and October. Therefore, Ffrom the perspective of the
resources sustainability, it is preferable_to suspend the F. indicus fishing activities in Seneboy

waters thaewrtmﬁaaeﬁedﬁ#eﬁeﬁeaetheseaseﬁﬂelesesﬁﬂ uring February and October-fer

-i-Senrebey-waters.

The ﬂrst catch average size (Lc) ferthefirst-time-—caught{ke)-of F. indicus in the study
area was of 31.1 mm_CL and the mean value fer-at the first timre-gonad maturation-maturity
was 35 mm_CL. The results of research conducted in the waters of the Cilacap Segara Anakan
Lagoon, with-using floating nets, showed an Lc value of 20.2 mm, e+=atfor a total length of
about 90 mm (Saputra; 2008). Chan (1998) states-stated that F. indicus females can reach a
total length of 230 mm, although thatisey generally measure less than 170 mm. These results
are different from the resultsefresearch_conducted in the waters of North Central Java, where
the carapace length of P. merguensis is—was of 29.4 mm (Tirtadanu & Ernawati; 2016);
Wedjatmiko & Yulianti; 2003; Hargiyatno £~ & Sumiono B 2012). The differences #-of Lc
values areis not only caused by the mesh size of the net used, but is-they are also due to the
operations duration time-and to the location of the fishing_ground. According to Susetiono &
Setyono (1990), the greup-ef-P. merguensis in-from shallow waters tends to be smaIIer— than
|n deeper waters (e.g. iis—smalerthaninthe-waters—ef-Cilacap),

= —with an average size (Lc)

of 51 mm CL (Saputra et al 2013). The hrlmp size differences m—shrmp—aie—m—at several
locations can be caused by different gears, environmental conditions and fishing pressure
(Olin et al; 2017; Wilson et al-; 2010).

According to FAO (2008), the Lm value is 50% of F. indicus, at a total length of 130-
149 mm. This shows that the value of L50% <Lm50% means that F. indicus recruitment is
threatened by reeruitment—overfishing. According to Teikwa & Mgaya's (2003) research
{20663), the F. indicus carapace length size of the first caught maleF—indicas-males is at-of
34 mm earapaee%eﬂg’elﬂkand femal&shrﬂ%ﬁ—ae39 mm carapace k—:ﬁgthn female shrimps.

= | Melmammblessy s (2011)

research showed that in Arafura's waters the size of the first catch average size (Lc) at a
carapace length of 60.26 mm. The average size fer-of the F. indicus firsttirme-caught for the
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first time byF—indicus-(Lc) in the study area was smaller than the average size at the first

maturity of gonads (Lm), indicating that most of the shrimp caught had not spawned-se. i

In the long run—term, this situation iswas—net—geed—ferdetrimental to the population’s

sustainability, beeause—wil-hampering the shrimps recruitment process ef—adding—these

shrimps-in_the Seneboy waters. In this regard, it is necessary to arrange-adjust the size of

the mesh se-in_such a manner that the smallest carapace lengthsize-of the caught F. indicus
cannot be under 13.2 mm_CL.

The growth rate (K) of F. indicus in the research area shows that they have a fast growth
rate: with—a—growth—vatde—of-1.1 per year in females and 1.0 per year_in _males, with an
asymptotic carapace Iength (Loo) of 54 6 mm CL for females /;H:}df(:‘tfs54—6—mm€lrand 52, 6
mm_CL for males. ¥

The growth parameters in dlfferent Iocat|ons—%he—gw=ewth—ra%e
-were:
1.26/year_in the waters of the Segara

€ F it |
Anakan—tageen—-CHacap-Loo = 35.7 mm;—_and K =
Anakan Lagoon Cilacap, keta—Baru—waters—was-1.4/year and Lo 44.3 mm_in the Kota Baru
waters;- and inKaimana-waters-itwas-44.7 mm_CL for males and 51.25 mm_CL for females
in the Kaimana waters.

able 2
Asymptotic length (Loo), growth rate (K) and exploitation rate (E) of
F. indicus in some areas

Location Sex Lwcg"’" K to Authors
Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)
Kota Baru, South Combined  44.3 1.4 - Suman et al (2010)
Kalimantan
Kaimana, West Papua Combined  44.7 1.38 - Tirtadanu & Pangabean 2018)
. Male 40.7 1 0.56 .
Cilacap, Central Java Female 54.2 11 0.36 Suman & Prisantoso (2017)
. Male 45.2 1.55 0.76 ”
Tarakan, North Kalimantan Female 57.6 1.33 0.76 Chodrijah & Suman (2017)
Sampit, Central Kalimantan Combined 57.8 1.45 0.66 Nurdin & Kembaren (2015)
Tanal Laut, South .
Kalimantan Combined 55 1.05 0.74 Suman et al (2017)

. Male 44.5 0.66 '
Cenderawasih Bay, Papua Female 48.7 1.051.15 0.55 Kembaren & Ernawati (2015)
Kaimana. West Papua Male 44.7 1.4 0.49 Tirtadanu & Panggabean
' P Female 51.25 1.37 0.44 (2018)

Male 54.6 1.1 0.148
Seneboy, West Papua Female 52.6 1.0 0.136 Present research

The mortality rate (Z) of F. indicus in the Seneboy waters is relatively low, namely [3.16 in
males and 2.6 in females\. Some Penaeid shrimp in other waters, namely the waters of the

Cilacap Segara Anakan Lagoon, obtained an M value of 2.6 cm year™, an F value of 1.35 cm

year'! (P. meruiensis in Segara Anakan Lagoon Cilacap is 1.43 cm year™!, the natural mortality
rate is 1.85 cm year! and catching 2.32 cm year!, Madura waters natural mortality rate of
2.17-2.22 cm year? and catching 1.11-1.56 cm year! (Saputra; 2008; Kembaren et al-;
2012; Setyohadi et al-; 1999; Hedianto et al-; 2016).}

The highest mortality rates (ind year ') were recordedin-the-waters-of KetaBaru: 9 for

males and 9.47 for females_in the waters of Kota Baru, inKakirada—waters—10.58_in the
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Dinh et al-; 2010). Naturat-The natural mortality is influenced by several factors such as food
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availability, disease, environment, competition and espeeially—the presence of predatory
species (Sparre & Venema 1992; Niamaimandi et al-; 2007)._Penaeid prawn is the prey of
several demersal fish, such as Lutjanus gibbus, Eleutheronema tetradactylum and Arius sp.
(Bachok et al 2004; Titrawani et al 2013). Death due to fishing (F) of both male and female
F. indicus is lower than the natural mortality rate (M), indicating that the F. indicus population
has not been exploited intensively by fishermen in the waters of Seneboy, West Papua. Garcia
(1988) suggests that the average natural mortality rate (M) of penaeid shrimp is 2.4 + 0.3
year? for adult shrimp. Naamin (1984) found that the F value of P. merguensis in Arafura
waters varies according to the development of the fishing effort, ranging from 0.55 year (at

the start of the epr0|tat|on) to 8 99 year!.

Cultivation-In this study, the exploitation rates (E) of female and male F. indicus were
0.48 and 0.46. This condition explains that the fishing rate is greater than the natural
mortality rate. The optimum exploitation rate stated by Gulland (1983) is 0.5, so that the rate
of exploitation of F. indicus in Seneboy waters is close to the optimum value and is still
sustainable. The level of exploitation of F. indicus in several areas has exceeded the optimum
limit, namely in the waters of the Segara Anakan Cilacap Lagoon, Meulaboh waters, Tarakan
Bay, Tanah Laut and Cenderawasih, where the level of exploitation indicates overfishing
(Saputra 2008; Yusuf et al 2017; Chodrijah & Suman 2017; Suman et al-; 2017; Kembaren
& Ernawati 2015). Utilizatien—The exploitation of F. indicus \has approached the

maximum, en—this—basis—the-reed-fersuggesting that a reduction of the fishing pressure is
required, efabeutwith at least 5% of the current total effort.

Conclusions. The average size of male-F. indicus caught in the waters of Seneboy South
Sorong is 16-49.6 mm CL for the maIes and fema+es—13 2-52.8mm CL for the females The
sex ratio of F. indicus Me v v
unbalanced: m&&aﬂdﬂ‘—emae—shml 1. 8 male against female The spawning season
Iasts throughout the year W|th a—peaks in February and October a-nd—ﬁ‘re—average—afe—ef—ﬁrst

by adults SO that management sets the regulat|ons for the minimum Iegal size. These results
concluded that the arrest of F. indicus can be continued by arranging the arrest effort and
stipulating a minimum legal size of 35 mmCL. This indicates that the

exploitation of F. indicus in Seneboy waters is not yet optimal, but leads to overfishing. In
order fer-to maintain the sustainability of the F. indicus resources in the waters of Seneboy,
West Papua, it is advisable (1) to reduce efforts with about 5% from the current_level, by
adjusting the mesh se-in such a manner that the retained catch size is-of F. indicus will be of
at least 13.2 mm_CL and (2) to elesing-suspend the F. indicus fishing seasen-operations in
February and October.
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Abstract. Fenneropenaeus indicus is one of the impertant-economically important #ypes-species of shrimp
cultivated in South Sorong Seneboy waters and currently its production tends to decrease. Studying its
biological aspects prowdes Gne—ef—%he data and information needed Wfor ing its exploitation and

managing

caught-was 13.2-52.8 mm_-carapace length (CL), €-with a mode size of 31.1-33 mm_CL

{€Lb)-and the average size of a male shrimp was 16-49.6 mm CL with a mode size 29-31 mm CL. The sex
ratio of male and female shrimp is 1:1.8. F. indicus spawning season is suspected to last all year and peak
in February and October. The average size of the first time caught (Lc}=31.1 CL) shrimp is smaller than the
average size of the first time cooked gonads (Lm) {31+-1<=35 mm-€L) so that most of the shrimp caught
are small and have not spawned. In female F. indicus, the gGrowth rate (K), asymptr)tlc carapace length
54.6 mm CL and -
I+ 52.6 mm and -0.136202
years, respectively. Natural-The natural mortality rate (M), death rate due to capture (F), total death rate
(Z); and exploitation rate (E) of female rock lobsters at-were 2.64 year':—, 1. 53 year':—, 2.64 year'; and
0.48 year!, respectively—, Wh#ewhlle in_male F. indicus amounted to 2.64 year';-, 1.42 year':-, 1.22 year
1.~ and expleitation—of-0.56 year?, corresponding to aner eptimum—optimal utlllzat|on of the F. indicus
resources. The statusrate-ef-expleitationfexpleitatien of F. indicus in Seneboy waters is "not fully exploited”.

(CL"); and age at length 0 (t0)ef-femaleF—indicus—atlength-0-(t0)-were of: 1. ]] lyear?
0.14883 years, respectively;-, while in male they wereF—indicts-is of: 1.0 lyear™

Key Words: biology aspect; shrimp fisheries management; sex ratio; spawning season.

Introduction. [Fenneropenaeus indicus is one of the important commodities in the waters of
Seneboy, South Sorong. Fhis—type—ef—F. indicus has impertant—an economic value and
contributes to the improvement of the fishermen's eeernemy-life in South Sorong. Seneboy
fishermen catch F. indicus using a 4 meter nylon trammel net as fishing gear, operated by 3

people fromwith an—average-tonnage-oef 3-GFvessels of about 6 m in length, made of wood
and fiber, of an average tonnage of 3 GT and a mam encnne power of 15 HP-main—enrgine
poewer, y . Mesh-The mesh
size is of of 1. 5 7. 25 |nch W|th a polvethvlene head PErope of @ 8 mm—f—eH—he—head—Feﬁe The
length of the ground rope is 660 m. This effective and environmentally friendly fishing gear
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its conservation. This
study aims to examine the blologlcal aspects of F. indicus as a w&wmaterlal for shrimp fisheries
management in the waters of Seneboy, South Kalimantan. The study was conducted in January-November
2017 in the waters of Seneboy. The results showed that the average size of the caught female F. indicus
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is an—effective—and—environmentallyfriendlyused fishing—gear—for catching F. indicus and
other types of demersal fish which are bycatch.]

The trammelretfleetin—catching time per_trip ranges from 6-_to 9 hours (er—start
atfrom 07.00 to 16.00 hours—, which is one day fishing};—) and the fishing ground ranges
from 1- to 20 miles, with a distance of about 1-4 hours from the landing base. Shrimp-The
shrimp fishing grounds are located around Wawonket Cape, Dua Island, Daram Island,
Sibabu Cape, Komokara Cape, Sabuga Island, Sele Cape, Misool Islands, Sinabu Cape,
Banana Island and Segeat Island. Shrimp-The shrimp fishing season is 12 months with the
highest season in July-November, with a catch of around 10-100 kg tript. The pProduction
of shrimp and other crustaceans in South Sorong waters, in the period 2009 to 2016,
amoeunted—tereached 4,051 tons, with an annual average of 506.42 tons lor 38.75%.
MeanwhileTthe annual average production of white shrimp lis 475.75 tons, with the highest

production in 2010 of 557 tons and the lowest in 2013 of 350 tons (DKP Sorong 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fisherman—fishermen in Temibuanan Regency. Catching
shrimp at this location is carried out very intensively, so that fishing activities need to be
eentroledsupervised-in—its—utilization. One—-of theeffertsindeterminingmanagementis by
examining-several-aspeets-ef-The biology and population parameters_provide the control and
management criteria to the marine authorities.

Research on several aspects of biology and population parameters was extensively
conducted in several waters in Indonesia;—+~amely-in-the-waters—ef: Arafura (Naamin 1984),
Cilacap (Suman 1992; Suman & Boer 2005; Saputra 2005; Saputra & Subiyanto 2007;
Hargiyatno et al 2013), Strait Madura (Setyohadi et al 1999), Kotabaru (Suman & Umar
2010), Bone (Kembaren & Ernawati 2015), Tarakan (Kembaren & Suman 2013) and
Meulaboh (Yusuf et al 2017). |

The study provides |nformat|on on the exploitation status of shrimp—fisheries—as—a

, based-enfacing the market-_demand and an the
increasing commercial value-ef-shrimp. Ratlonal management actions need to be taken se
thatin order to maintain a sustainable balance of the shrimp resources—are-ir=a—sustainable
balanree—and Estimatien—the population parameters estimation ef-pepulation—pararmeters—is
ﬁeeded— egwred as supportlng data and |nformat|on—m—t—h+s—maﬁagemeﬁ%ﬁamel—y—ev&maﬂﬁg

whi . The

results of th|s study are expected to complement and update prewous studles t&uﬁderhe

underlying the management of white shrimp fesources in the waters of Seneboy, South
Sorong, and #s-surroundings.

Material and Method

Research location and time. F. indicus sampling was carried out with a _trammel net,
obtained from fishermen and shrimp collectors in Seneboy Temibuana, South Sorong, from
January to October 2016. The enumerators were taking samples using a random sampling
method. The data collected included carapace length (CL), weight, sex, gonad maturity level
and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html).

Data analysis. Biological data analysis included the size distribution, sex ratio, gonad
maturity level, average size of first caught specimens (Lc) and javerage size ef-at the gonad
maturation (Lm). The analyzed sis-ef-population parameters-data were the growth pattern
dgata (CLoo, K), mortality parameters (Z, M, F) and utilization rate (E).

The distribution of carapace length measurements is presented in the form of a bar
chart with a length class of 2 mm. The level of maturity of female shrimp gonads was
observed visually based on Motoh (1981), namely by looking at the size of the shrimp
ovary, located on the-its back—under—the—sun. Shrimp sex ratios were analyzed using the
Chi-square test (Walpole; 1993)

The average first time ripening gonad lengthripering—(Lm) is obtained by entering
the carapace length and Pum values into a graphical logistic function (King; 1995), with the

following equation:

1

Pym = —————
dm = 7+ exp(aCl + b)

The value of lcarapace length fer—thefirsttime-caught for the first time (Lc) is obtained
through a logisticat function approach, with the Sparre & Venema (1992) equation:

1

Se = 1+ exp(a— [B]* ci

Where:

ScL - the fishing gear selectivity;

a and b - constant;

CL - the length of shrimp carapace;
_the value of (CLd - obtained from a/bl.

The method used in the study of population parameters is an analytical model based on
the composition of the age structure of the shrimp (Sparre & Venema; 1992). The growth
parameters of Von Bertalanffy, namely the asymptotic carapace length (CLoo) and the
growth coefficient (K) were estimated by the ELEFAN I program in the FISAT II program
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(Gayanilo et al-; 2005). AnE_estimation of the theoretical age (t0) is carried out with the
Pauly's (1983) empirical equation, namely:

Log (—tg) = (—0.3922) — 0.2752log CLoo — 1.038log K

The value of the natural mortality (M) is estimated by-through the Pauly’s equation, by

explaining—that-there-is—anincluding the effect of the mean water temperature (T) on the
mortality rate, based on empirical observations (Pauly et al-; 1984):

Log M= (-0.0066)-0.279 logCLo0+0.6542 logK +0.4634 LogT

The total mortality (Z) value was estimated using the length-converted catch curve
method in the FISAT II program package (Pauly; 1983; Gayanilo et al; 2005). Sapture-The
capture _mortality and exploitation rate are estimated using the Sparre & Venema (1992)
equation;:s:

Results and Discussion

Biological aspects. Samples—ofA number of F—indicus obtained—during—the—study—were
2,085_F. indicus, specimens were collected during the study were;—censisting—of: 1,174
females F—indices-(56.31%) and 911 males (46.69%). The carapace length of female F.
indicus ranges-ranged from 13.2 —to 52.8 mm, with-for a weights ranging from 9.6-_to 88.4
g, with two modes in the ranges of 29-31 and 31.1-33 mm CL. The carapace length of
Meanwhile;-male F. indicus ranged between 16-49.6 mm, for a weights ranged-ranging from
15.4- to 78.6 g, with a mode in the range of 29-31 mm_CL (Figure 2).
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Figure 2. Length frequency of Fenneropenaeus indicus in Seneboy waters.
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The sex ratio determination of F. indicus in the waters of Seneboy South Sorong is based on
the chi_squared test;—, which indicates an imbalance the—<cenditionisnetbalanced-between
the rumberof-male shrirap-and female shrimp_populations—: Fematle-in most cases, female
shrimp are-dominate the catch&gh%me%&demmaﬂ%lﬁhammaes Fhe-Although the average
sex ratio of F. indicus ef-males and females shrimp-is 1: 1.78—, Meanwhilethesex+atioof
F—indicus-it showed a balanced eendition-value of 1:-1 in February, March, September and
October (Table 1).

Table 1
Sex ratio of Fenneropenaeus indicus in Seneboy waters, January-October 2016
Months Sex ratio of F. indicus Comparison
(2016) Male Female M:F ratio X2 P=95%
January 66 162 1 2.45 40.42 Not balanced
February 100 98 1 1.48 0.02 Balanced
March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 Not balanced
May 149 97 1 1.47 10.99 Not balanced
June 56 144 1 2.18 38.72 Not balanced
July 100 161 1 2.44 14.26 Not balanced
August 62 138 1 2.09 28.88 Not balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 Not balanced

The highest proportion of mature female F. indicus (the maturity level of gonads III and the
maturity level of gonads IV) was in January, February, September and October, with the
peak maturing of gonads in October. The proportion of mature-females with mature gonads
in January, February, September and October was 60, 44, 46 and 40% (Figure 3).
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|Figure 3. Proportion of genad-maturity-stagesforfemale-Fenneropenaeus indicus females Commented [WU19]: Please correct the label of y axis
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The size of the first time capture (Lc) corresponds to the probability level of L50% en-of the

trammel net selectivity, explairinrg-meaning that the eppertunityfoerthecatch distribution of
F. indicus is—suitable—te—be—ecaught—can influenceerease the availability of resources. The
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logistic function graph with a class interval of 2 mm_CL is-ebtairedindicates that the average
value fer-at the first time-capture (Lc) of F. indicus is 31.1 mm_CL, with an average value
(Lm) of 35 mm_CL fer-at the first timme-gonad maturation (Figure 4).

F.ingicuslc=31.1 mmCL

LA}
= Slobs
— e
[+]
o 10 0 30 a0 50 60

Carapace length {[mmCL}

Figure 4. Average length at first Fenneropenaeus indicus eaptured-capture with a trammel

net of theFernerepenaeusindicas—with-trammelnet.

Population parameters. The results of the analysis based on the length frequency of
female F. indicus carapace ebtained—theindicated a value of 1.1 per year for [the growth
colefficient (K) in Seneboy waters ++t-peryear-and 1.0 per year for male F. indicus (Figure
5).
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Length [mm)

Length (mmj
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Figure 5. Growth model of male (A) and female (B) Fenneropenaeus indicus by ELEFAN I in
Seneboy waters.

The asymptotic carapace length (L) of female F. indicus was 54.6 mm_CL and 52.6 mm_CL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202
for males. So that the equation for the Von Bertalanffy equation for female F. indicus is as-Lt
= 54.6 (1-e-1,100 (t-0.14883)) and for male F. indicus, it is Lt = 52.6 (1-e-1,00 (t-
0.136202)) (Figure 6). The maximum size range of F. indicus is estimated at the age of 1.8
years or around 20 months. The average size of 31.1 mm CL ef-in caught F. indicus eaught
(Lc) 3+-1-mmck-was estimated at the age of 7-8 months. The average mature gonad size of

in females (Lm) was genad-ripe-average{tm)-of 35 mm_CL, was-estimated-at the age of 9-
10 months.

Von Bertalanffy curve of F. indicus in Seneboy waters

N il L) = 54.6 (1 — gl~1100{c+0.04883))

Male L(t) = 52,6 (1 = gl ~LO0Hr+01362))

Carapoce Length {mm)
w
(=]

o 5 10 15 20 25 30 335
Maonths

Figure 6. Von Bertalanffy curve of Fenneropenaeus indicus in Seneboy waters.

The total mortality rate (Z) of female and male F. indicus based on the length-converted
catch curvelength—econversion—eurve—with—the—eateh is 3.16 year, with a natural mortality
rate (M) of 1.64 year! and the mortality rate due to fishing (F) of 1.53 year. The total
mortality rate (Z) of male F. indicus was 2.64 year?, the natural mortality rate (M) was 1.42
year? and the mortality rate due to fishing (F) was 1.22 year'. Based on these mortality
parameters, the utilization rate of female-F. indicus was 0.48 for females and mate-was-0.46
for males (Figure 7).
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Figure 7. Growth curve of male (A) and female (B) Fenneropenaeus indicus in waters of
Seneboy.

Discussion. The size distribution of F. indicus caught in the study area was greater than
that-in Kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for
males and 34.96 for females. The size of F. indicus specimens and-was-rot-much—different

froem—these-caught in Meulaboh waters arefemales—with—+anges—ranged between 17.8-_and
79.54 mm_for females and; males—between 18.3-_and 64.36 mm_for males. The size
ofWhereas Penaeus merguensis in Central Java waters ranged between fer-malesis-20-_and
62 mm for males and between females-14- and 68 mm_for females, waters-in—WestJava
fand averaged 17 _to -47 mm_in West Java waters} (Tirtadanu;& Panggabean 2018; Yusuf;
2017; Suman et al-; 1988). Differences in shrimp size at several locations can be caused by
different gears, environmental conditions and fishing pressure (Olin et al-z 2017; Wilson et
al-z 2010; Matthews; 1982; Ogbonna; 2001). Given It-is—suspected-that-the larger shrimp
size in Seneboy waters, it is supposed that is-the species is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced: with-the
aumber—offemales eaughtbeing—more—deminant—dominated than—matesthe catch. The
unbalanced eenditien-sex ratio is similar to the F. indicus caught in Meulaboh waters (Yusuf;
2017; Saputra; 2008; Saputra et al; 2013; Wedjadmiko & Yulianti; 2003;
WedjadmikeWedjatmiko; 2009; Suman et al; 1991)—), Fhisconditionshewssuggesting that
the fishing pressure of shrimp resources in Seneboy waters has not disturbed the population
renewal so that the sustainability of shrimp stocks is still well maintained.

The peak indicestimated_that a higher frequencyprepertion of mature gonads in ripe-F.
indicus eceurs-occured in February and October—, Fhe-discovery-ef-maturegonadsindicates
that-this—menth—issuggesting the spawning seasons for the shrimp (Martosubroto; 1978).
Fhe-For comparson, the peak-spawning peaks occurred in ef-November for several types of
Penaied shrimp—ireludingP—merguiensis—in from the waters of West Kalimantan_(including
P._merguiensis), in January and August for the eceurred-inNovember,—the-peak-spawningof
Metapenaeus monoceros fromir the Southern Java waters and from September to October
for the eeceurredindanvaryand-Augustand-the peakspawningefMetapenaeus monoceros
ia-from the Gulf of Carpentaria, Australia eceurs—from-September—to-October—(Kembaren; &
Suman 2013; Suman et al-; 2005; Crocos et al-; 2000; Pillai & Thirumilu; 2013; ard-Gerami
et al 2013). The spawning season for F. indicus in the study area is—seen—te—lasted
throughout the year, with a—peaks in February and October. Therefore, Ffrom the
perspective of the resources sustainability, it is preferable_to suspend the F. indicus fishing
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activities in Seneboy waters that—within—a—period—of-one—year—the—seasen—closes—induring
February and October-fercatehingF—indicusin-Senecboey—waters.

The first catch average size (Lc) ferthefirsttime—ecaught{te)-of F. indicus in the study
area was of 31.1 mm_CL and the mean value fer-at the first timre-gonad maturation-maturity
was 35 mm_CL. The results of research conducted in the waters of the Cilacap Segara
Anakan Lagoon, with-using floating nets, showed an Lc value of 20.2 mm, eratfor a total
length of about 90 mm (Saputra; 2008). Chan (1998) states-stated that F. indicus females
can reach a total length of 230 mm, although that-isey generally measure less than 170
mm. These results are different from the results—ef-research_conducted in the waters of
North Central Java, where the carapace length of P. merguensis is—was of 29.4 mm
(Tirtadanu & Ernawati; 2016), fthe carapace length of Mayangan waters is 28.9 mm
(Wedjatmiko & Yulianti; 2003) and Lc in Dolak waters, Arafura Sea is 28.78 mm [(Hargiyatno
T & Sumiono B 2012). The differences in-of Lc values areis not only caused by the mesh
size of the net used, but is-they are also due to the operations duration time-and to the
location of the fishing_ground. According to Susetiono & Setyono (1990), the greup—efP.
merguensis in—-from shallow waters tends to be smaller- than in deeper waters; (e.g. itis
smatler—than—in—the—waters—ofCilacap), with an average [5|ze of first maturation of gonads
(Lm) of 51 mm_CL (Saputra et al-; 2013). The shrimp size differences in-shrimp-size—in-at
several locations can be caused by different gears, environmental conditions and fishing
pressure (Olin et al-z 2017; Wilson et al-; 2010).

According to FAO (2008), the Lm value is 50% of F. indicus, at a total length of 130-
149 mm. This shows that the value of L50% <Lm50% means that F. indicus recruitment is
threatened by reeruitment—overfishing. According to Teikwa & Mgaya's (2003) research
{20603), the F._indicus carapace length size of the first caught maleF—ndiexs-males is at-of
34 mm carapace—tength—and female—shrimp—at-39 mm carapace tergthin female shrimps.
Melmammblessy's (2011) research {261+1}-showed that in Arafura's waters the size of the
first maturity of the gonads at a carapace length of 60.26 mm. [The average size for—of the
F. indicus first-time-caught for the first time by+—indicus-(Lc) in the study area was smaller
than the average size at the first maturity of gonads (Lm), indicating that most of the
shrimp caught had not spawned-se. in-In_the long run-term, this situation iswas—net-geed
fordetrimental to the population’s sustainability, beeause—wil—hampering the shrimps
recruitment process ef-adding—these—shrimps—in_the Seneboy waters. In this regard, it is
necessary to arrange-adjust the size of the mesh se-in such a manner that the smallest
carapace lengthsize-of the caught F. indicus eaughtisthesmallestatthe carapacetengthof
cannot be under 13.2 mm_CL.

The growth rate (K) of F. indicus in the research area shows that they have a fast
growth rate: witha—grewth—~valteof1.1 per year in females and 1.0 per year_in_males, with
an_asymptotic carapace Iength (Loo) of 54.6 mm CL for females F—indicus-54-6-mmEL—and
52, 6 mm_CL for males.

: The growth parameters in different Iocatlons%he
grewth—rate—eof F—indicus-in—the-studyarea—shows—differentgrowth—valuesswere: waters—ef
the-Segara-Anakantageen-Eilacap-Loo = 35.7 mm;-_and K = 1.26/year in the waters of the
Segara Anakan Lagoon Cilacap, KetaBaru—waters-was-1.4/year and Lo 44.3 mm_in the Kota
Baru waters;— and inKaimana—waters-it-was—44.7 mm_CL for males and 51.25 mm_CL for
females_in the Kaimana waters.

AACL Bioflux, 2021, Volume 14, Issue x. 9
http://www.bioflux.com.ro/aacl

Commented [WU21]: For which species? Please
reformulate the selected text.

Commented [WU22]: Please clarify if it is about the body
size or the gonads size and make the necessary corrections
in the whole manuscript.

Commented [WU23]: Please reformulate in an intelligible
manner. Besides, it’s not clear: body size or the gonads size?

[ Commented [WU24]: Redundant




able 2.

title <

Location Sex Leo (mm c1) K to Authors

Commented [WU25]: The Table must be mentioned in
the text before displaying it.

‘ [ Formatted: Right ]

[ Formatted: Centered ]

Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)

Kota Baru, South Kalimantan Combined 44.3 1.4 - Suman et al (2010)
Kaimana, West Papua F[/Ini:e 44.7 1.38 - Tirtadanu & Pangabean 2018)
. Male 40.7 1 0.56 .
Cilacap, Central Java Female 54.2 11 0.36 Suman & Prisantoso (2017)
. Male 45.2 1.55 0.76 ..

Tarakan, North Kalimantan Female 57.6 1.33 0.76 Chodrijah & Suman (2017)
Sampit, Central Kalimantan ~ Combined 57.8 1.45 0.66  Nurdin & Kembaren (2015)
Tanal Laut, South Combined 55 1.05 0.74 Suman et al (2017)

Kalimantan
. Male 44.5 0.66 .
Cenderawasih Bay, Papua Female 48.7 1.051.15 0.55 Kembaren & Ernawati (2015)
. Male 44.7 1.4 0.49 _.
Kaimana, West Papua Female 51.25 1.37 0.44 Tirtadanu & Panggabean (2018)
Male 54.6 1.1 0.148
Seneboy, West Papua Female 52.6 1.0 0.136 Present research

The mortality rate (Z) of F. indicus in the Seneboy waters is relatively low, namely [3.16 in
females and 2.6 in females. Some Penaeid shrimp in other waters, namely the waters of the
Cilacap Segara Anakan Lagoon, obtained an |M value of 2.6 year?, an F value of 1.35 year?
(P. meruiensis in Segara Anakan Lagoon Cilacap is 1.43 year, the natural mortality rate is
1.85 year?! and catching 2.32 year?, Madura waters natural mortality rate of 2.17-2.22
year! and catching 1.11-1.56 year! (Saputra; 2008; Kembaren et al-; 2012; Setyohadi et
al; 1999; Hedianto et al-; 2016) .

The highest mortality rates (ind year;!) were recordedin-the-waters—of Keta—Baru: 9 for
males and 9.47 for females_in the waters of Kota Baru, inKakinada—waters—10.58_in the
Kakinada waters,; in—Khoozestan—waters 7.01 in_the Khoozestan waters and Vietramese
waters—5.78 in_the Vietnamese waters (Tirtadanu et al; 2017; Devi; 1987; Ansari et al
2014; Dinh et al-; 2010). Natural-The natural mortality is influenced by several factors such
as food availability, disease, environment, competition and espeeially—the presence of
predatory species (Sparre & Venema 1992; Niamaimandi et al-; 2007)._Penaeid prawn is the
prey of several demersal fish, such as Lutjanus gibbus, Eleutheronema tetradactylum and
Arius sp. (Bachok et al 2004; Titrawani et al 2013). Death due to fishing (F) of both male
and female F. indicus is lower than the natural mortality rate (M), indicating that the F.
indicus population has not been exploited intensively by fishermen in the waters of Seneboy,
West Papua. Garcia (1988) suggests that the average natural mortality rate (M) of penaeid
shrimp is 2.4 + 0.3 year? for adult shrimp. Naamin (1984) found that the F value of P.
merguensis in Arafura waters varies according to the development of the fishing effort,
ranging from 0.55 year! (at the start of the exploitation) to 8.99 year.
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Cultivation-In_this study, the exploitation rates (E) of female and male F. indicus were
0.48 and 0.46. This condition explains that the fishing rate is greater than the natural
mortality rate. The optimum exploitation rate stated by Gulland (1983) is 0.5, so that the
rate of exploitation of F. indicus in Seneboy waters is close to the optimum value and is still
sustainable. The level of exploitation of F. indicus in several areas has exceeded the
optimum limit, namely in _the waters of the Segara Anakan Cilacap Lagoon, Meulaboh
waters, Tarakan Bay, Tanah Laut and Cenderawasih, where the level of exploitation
indicates overfishing (Saputra 2008; Yusuf et al 2017; Chodrijah & Suman 2017; Suman et
al; 2017; Kembaren & Ernawati 2015). Utilization—The lutilization of F. indicus has
approached the maximum, en—this—basistheneedfoersuggesting that a reduction of the
fishing pressure is required, ef-abeutwith at least 5% of the current total effort.

Conclusions. The average size of mate-F. indicus caught in the waters of Seneboy South
Sorong is 16-49.6 mm CL for the males and #ema+es—13 2 -52.8 mm CL for the females
The sex ratio of F. indicus Me A
ofis_unbalanced: ma+e—aﬁd—fema+e—shrﬂﬁp—|%l 1 8, male aqalnst female The spawnlng
season lasts throughout the year with a-peaks in February and October. are-EThe average
size of first caught (Lc) ef-shrimp is smaller than the average size of the shrimp at the first-
time gonads_maturity (Lm) (31.1>35 mm_CL). The growth rate and mortality rate of F.
indicus in Seneboy waters were lower with the exploitation rate values (E) 0.48 and 0.46].
This indicates that the [level of utilization bf F. indicus in Seneboy waters is not yet optimal,
but leads to overfishing. In order fer—to maintain the sustainability of the F. indicus
resources in the waters of Seneboy, West Papua, it is advisable (1) to reduce efforts with
about 5% from the current_level, by adjusting the mesh se—in _such a manner that the
retained catch size is-of F. indicus will be of at least 13.2 mm_CL and (2) to elesirg-suspend
the F. indicus fishing seasen-operations in February and October.
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The growth rate of Fenneropenaeus indicus in

Seneboy Waters, South Sorong, Papua, Indonesia
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Nugraha

1 Fishing Capture, Research Institute for Marine Fisheries Cibinong, Bogor, West Jawa,
Indonesia; 2 Faculty of Capture Fishing, Marine and Fisheries Polytechnic of Sorong, West
Papua, Indonesia; 3 Faculty of Capture Fishing, Marine and Fisheries Polytechnic of
Pariaman, Padang, West Sumatera, Indonesia; *Faculty of Fishing Technology, Jakarta
Technical University of Fisheries, South Jakarta, Indonesia. Corresponding author: E.
Nugraha, nugraha_erigl@yahoo.co.id

Abstract. Fenneropenaeus indicus is one of the economically important species of shrimp cultivated in
South Sorong Seneboy waters and currently its production tends to decrease. Studying its biological aspects
provides data and information needed for assessing its exploitation and managing its conservation. This
study aims to examine the biological aspects of F. indicus as a material for shrimp fisheries management in
the waters of Seneboy, South Kalimantan. The study was conducted between January-November 2017 in
the waters of Seneboy. The results showed that the average size of the caught female F. indicus was 13.2-
52.8 mm carapace length (CL), with a mode size of 31.1-33 mm CL, and the average size of a male shrimp
was 16-49.6 mm CL with a mode size 29-31 mm CL. The sex ratio of male and female shrimp is 1:1.8. F.
indicus spawning season is suspected to last all year and peak in February and October. The average size of
the first time caught (Lc=31.1 CL) shrimp is smaller than the average size of the first time cooked gonads
(Lm =35 mm) so that most of the shrimp caught are small and have not spawned. In female F. indicus, the
growth rate (K), asymptotic carapace length (CL) and age at length 0 (t0) were of: 1.1 cm year?, 54.6 mm
CL and -0.14883 years, respectively, while in male they were of: 1.0 cm year?, 52.6 mm and -0.136202
years, respectively. The natural mortality rate (M), death rate due to capture (F), total death rate (Z) and
exploitation rate (E) of female rock lobsters were 2.64 cm year?, 1.53 cm year!, 2.64 cm year! and 0.48
cm year!, respectively, while in male F. indicus amounted to 2.64 cm year?, 1.42 cm year?, 1.22 cm year?
and 0.56 cm year!, corresponding to an optimal utilization of the F. indicus resources. The status of F.
indicus in Seneboy waters is “not fully exploited”.

Key Words: biology aspect; shrimp fisheries management; sex ratio; spawning season.

Introduction. Fenneropenaeus indicus is one of the important commodities in the waters of
Seneboy, South Sorong. F. indicus has an economic value and contributes to the
improvement of the fishermen's life in South Sorong. Seneboy fishermen catch F. indicus
using a 4 meter nylon trammel net as fishing gear, operated by 3 people from vessels of
about 6 m in length, made of wood and fiber, of an average tonnage of 3 GT and a main
engine power of 15 HP. The mesh size is of 1.5-7.25 inch, with a polyethylene head rope of @
8 mm. The length of the ground rope is 660 m. This effective and environmentally friendly
fishing gear is used for catching F. indicus and other types of demersal fish which are
bycatch (BRPL 2016).

The catching time per trip ranges from 6 to 9 hours (from 07.00 to 16.00 hours,
which is one day fishing) and the fishing ground ranges from 1 to 20 miles, with a distance
of about 1-4 hours from the landing base. The shrimp fishing grounds are located around
Wawonket Cape, Dua Island, Daram Island, Sibabu Cape, Komokara Cape, Sabuga Island,
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Sele Cape, Misool Islands, Sinabu Cape, Banana Island and Segeat Island. The shrimp
fishing season is 12 months with the highest season in July-November, with a catch of
around 10-100 kg trip™!. The production of shrimp and other crustaceans in South Sorong
waters, in the period 2009 to 2016, reached 4,051 tons, with an annual average of 506.42
tons or 38.75%, total production. The annual average production of F. indicus is 475.75
tons, with the highest production in 2010 of 557 tons and the lowest in 2013 of 350 tons
(DKP Sorong 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fishermen in Temibuanan Regency. Catching shrimp at this
location is carried out very intensively, so that fishing activities need to be supervised. The
biology and population parameters provide the control and management criteria to the
marine authorities.

Research on several aspects of biology and population parameters was extensively
conducted in several waters in Indonesia: Arafura (Naamin 1984), Cilacap (Suman 1992;
Suman & Boer 2005; Hargiyatno et al 2013; Saputra & Subiyanto 2007), Strait Madura
(Setyohadi et al 1999), Kotabaru (Suman & Umar 2010), Bone (Kembaren & Ernawati
2015), Tarakan (Kembaren & Suman 2013) and Meulaboh (Yusuf et al 2017).

The study provides information on the exploitation status of shrimp, facing the
market demand and an increasing commercial value. Rational management actions need to
be taken in order to maintain a sustainable balance of the shrimp resources and the
population parameters estimation is required as supporting data and information. The
results of this study are expected to complement and update previous studies, underlying
the management of F. indicus resources in the waters of Seneboy, South Sorong, and
surroundings.

Material and Method

Research location and time. F. indicus sampling was carried out with a trammel net,
obtained from fishermen and shrimp collectors in Seneboy Temibuana, South Sorong, from
January to October 2016. The enumerators were taking samples using a random sampling
method. The data collected included carapace length (CL), weight, sex, gonad maturity level
and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html).

AACL Bioflux, 2021, Volume 14, Issue x. 2
http://www.bioflux.com.ro/aacl



Data analysis. Biological data analysis included the size distribution, sex ratio, gonad
maturity level, average size of first caught specimens (Lc). The analyzed population
parameters were the growth pattern (CLco, K), mortality parameters (Z, M, F) and
utilization rate (E).

The distribution of carapace length measurements is presented in the form of a bar
chart with a length class of 2 mm. The level of maturity of female shrimp gonads was
observed visually based on Motoh (1981), namely by looking at the size of the shrimp
ovary, located on its back. Shrimp sex ratios were analyzed using the Chi-square test
(Walpole 1993)

The length at first matured (Lm) is obtained by entering the carapace length and Pim
values into a graphical logistic function (King 1995), with the following equation:

1

Pim = T ep GaCl+ B)

Where:
Pum —

‘ Commented [WU1]: Please provide the missing
he value of carapace length caught for the first time (Lc) is obtained through a logistic information.

function approach, with the Sparre & Venema (1992) equation:

1
SL_1+exp(a—b*CL)

Where:

S. - logistic curve and Lc was determined by a/b;
a - the intercept of regression;

b - the slope of regression;

CL - the length of shrimp carapace.

The method used in the study of population parameters is an analytical model based
on the composition of the age structure of the shrimp (Sparre & Venema 1992). The growth
parameters of Von Bertalanffy, namely the asymptotic carapace length (CLo) and the
growth coefficient (K) were estimated by the ELEFAN I program in the FISAT II program
(Gayanilo et al 2005). An estimation of the theoretical age (t0) is carried out with the
Pauly's (1983) empirical equation, namely:

Log (—ty) = (—0.3922) — 0.2752log CLoo — 1.038log K
The value of the natural mortality (M) is estimated through the Pauly’s equation, by
including the effect of the mean water temperature (T) on the mortality rate, based on
empirical observations (Pauly et al 1984):
Log M= (-0.0066)-0.279 log CL0+0.6542 log K +0.4634 Log T
The total mortality (Z) value was estimated using the length-converted catch curve

method in the FISAT II program package (Pauly 1983; Gayanilo et al 2005). The capture
mortality and exploitation rate are estimated using the Sparre & Venema (1992) equations:
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Where:

E - the exploitation rate;
F - the Fishing mortality;
M- natural mortality;

Z - the total mortality.

Results and Discussion

Biological aspects. A number of 2,085 F. indicus specimens were collected during the
study were: 1,174 females (56.31%) and 911 males (46.69%). The carapace length of
female F. indicus ranged from 13.2 to 52.8 mm, for a weight ranging from 9.6 to 88.4 g,
with two modes in the ranges of 29-31 and 31.1-33 mm CL. The carapace length of male F.
indicus ranged between 16-49.6 mm, for a weight ranging from 15.4 to 78.6 g, with a mode
in the range of 29-31 mm CL (Figure 2).
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Figure 2. Length frequency of Fenneropenaeus indicus in Seneboy waters.

The sex ratio determination of F. indicus in the waters of Seneboy South Sorong is based on
the chi squared test, which indicates an imbalance between the male and female shrimp
populations: in most cases, female shrimp dominate the catch. Although the average sex
ratio of F. indicus males and females is 1: 1.78, it showed a balanced value of 1:1 in
February, March, September and October (Table 1).

Table 1
Sex ratio of Fenneropenaeus indicus in Seneboy waters, January-October 2016

Months Sex ratio of F. indicus Comparison

(2016) Male Female M:F ratio X2 P=95%
January 66 162 1 2.45 40.42 Not balanced

February 100 98 1 1.48 0.02 Balanced

March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 Not balanced
May 149 97 1 1.47 10.99 Not balanced
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June 56 144 1 2.18 38.72 Not balanced
July 100 161 1 2.44 14.26 Not balanced
August 62 138 1 2.09 28.88 Not balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 Not balanced

The highest proportion of mature female F. indicus (the maturity level of gonads III and the
maturity level of gonads IV) was in January, February, September and October, with the
peak maturing of gonads in October. The proportion of females with mature gonads in
January, February, September and October was 60, 44, 46 and 40% (Figure 3).
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Figure 3. Proportion of Fenneropenaeus indicus females with mature gonads in Seneboy
waters, January-October 2016.

The size of the first time capture (Lc) corresponds to the probability level of L50% of the
trammel net selectivity, meaning that the catch distribution of F. indicus can influence the
availability of resources. The logistic function graph with a class interval of 2 mm CL
indicates that the average value at the first capture (Lc) of F. indicus is 31.1 mm CL, with an
average value (Lm) of 35 mm CL at the first gonad maturation (Figure 4).
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Figure 4. Average length at first Fenneropenaeus indicus capture with a trammel net of the.

Population parameters. The growth parameters of F. indicus in the Seneboy waters is
processed from long frequency distribution data carapace by tracking any mode shift the
distribution of carapace length frequencies in a curved sequence of times Von Bertalanffy's
growth. Based on the results of the analysis, it was found that infinitive carapace length
(Loo) of female F. indicus was 54.6 mm, the growth rate (K) was 1.1 year ! and the male
was 52.6 mm, the growth rate was 1.0 year! (Figure 5). From the value of these two
parameters a growth equation and a key relationship can be created between carapace
lengths with aged shrimp by using multiple variations in age value (t).

Length (mm)

Length (mm)

Figure 5. Growth model of male (A) and female (B) Fenneropenaeus indicus by ELEFAN I in
Seneboy waters.
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The asymptotic carapace length (L) of female F. indicus was 54.6 mm CL and 52.6 mm CL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202
for males. So that the equation for the Von Bertalanffy equation for female F. indicus is Lt =
54.6 (1-e-1,100 (t-0.14883)) and for male F. indicus it is Lt = 52.6 (1-e-1.00 (t-0.136202))
(Figure 6). The maximum size range of F. indicus is estimated at the age of 1.8 years or
around 20 months. The average size of 31.1 mm CL in caught F. indicus (Lc) was estimated
at the age of 7-8 months. The average mature gonad size in females (Lm) was of 35 mm
CL, at the age of 9-10 months.

Von Bertalanffy curve of F. indicusin Seneboy waters

il L) = 54.6 (1 — g~ 1100(+0.04883))

Male L(t)=526(1= E:-moe-f-mas:.‘]
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w
(=]

o 5 10 15 20 25 30 35
Months

Figure 6. Von Bertalanffy curve of Fenneropenaeus indicus in Seneboy waters.

The total mortality rate (Z) of female and male F. indicus based on the length-converted
catch curve is 3.16 year?, with a natural mortality rate (M) of 1.64 year™ and the mortality
rate due to fishing (F) of 1.53 year-l. The total mortality rate (Z) of male F. indicus was 2.64
year!, the natural mortality rate (M) was 1.42 year' and the mortality rate due to fishing
(F) was 1.22 year. Based on these mortality parameters, the utilization rate of F. indicus
was 0.48 for females and 0.46 for males (Figure 7).
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Figure 7. Growth curve of male (A) and female (B) Fenneropenaeus indicus in waters of
Seneboy.

Discussion. The size distribution of F. indicus caught in the study area was greater than in
Kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for males
and 34.96 for females. The size of F. indicus specimens caught in Meulaboh waters ranged
between 17.8 and 79.54 mm for females and between 18.3 and 64.36 mm for males. The
size of Penaeus merguensis in Central Java waters ranged between 20 and 62 mm for males
and between 14 and 68 mm for females, and averaged 17 to 47 mm in West Java waters
(Tirtadanu& Panggabean 2018; Yusuf 2017; Suman et al 1988). Differences in shrimp size
at several locations can be caused by different gears, environmental conditions and fishing
pressure (Olin et al 2017; Wilson et al 2010; Matthews 1982; Ogbonna 2001). Given the
larger shrimp size in Seneboy waters, it is supposed that the species is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced: the
females dominated the catch. The unbalanced sex ratio is similar to the F. indicus caught in
Meulaboh waters (Yusuf 2017; Saputra 2008; Saputra et al 2013; Wedjadmiko & Yulianti
2003; Wedjatmiko 2009; Suman et al 1991), suggesting that the fishing pressure of shrimp
resources in Seneboy waters has not disturbed the population renewal so that the
sustainability of shrimp stocks is still well maintained.

The peak indicated that a higher frequency of mature gonads in F. indicus occured in
February and October, suggesting the spawning seasons for the shrimp (Martosubroto
1978). For comparson, the spawning peaks occurred in November for several types of
Penaied shrimp from the waters of West Kalimantan (including P. merguiensis), in January
and August for the Metapenaeus monoceros from the Southern Java waters and from
September to October for the Metapenaeus monoceros from the Gulf of Carpentaria,
Australia (Kembaren & Suman 2013; Suman et al 2005; Crocos et al 2000; Pillai &
Thirumilu 2013; Gerami et al 2013). The spawning season for F. indicus in the study area
lasted throughout the year, with peaks in February and October. Therefore, from the
perspective of the resources sustainability, it is preferable to suspend the F. indicus fishing
activities in Seneboy waters during February and October.

The first catch average size (Lc) of F. indicus in the study area was of 31.1 mm CL and
the mean value at the first gonad maturity was 35 mm CL. The results of research
conducted in the waters of the Cilacap Segara Anakan Lagoon, using floating nets, showed
an Lc value of 20.2 mm, for a total length of about 90 mm (Saputra 2008). Chan (1998)
stated that F. indicus females can reach a total length of 230 mm, although they generally
measure less than 170 mm. These results are different from the research conducted in the
waters of North Central Java, where the carapace length of P. merguensis was of 29.4 mm
(Tirtadanu & Ernawati 2016), the carapace length of Mayangan waters is 28.9 mm
(Wedjatmiko & Yulianti 2003) and Lc in Dolak waters, Arafura Sea is 28.78 mm ((Hargiyatno
& Sumiono 2012). The differences of Lc values are not only caused by the mesh size of the
net used, but they are also due to the operations duration and to the location of the fishing
ground. According to Susetiono & Setyono (1990), the P. merguensis from shallow waters
tends to be smaller than in deeper waters (e.g. Cilacap), with an average size (Lc) of 51
mm CL (Saputra et al 2013). The shrimp size differences at several locations can be caused
by different gears, environmental conditions and fishing pressure (Olin et al 2017; Wilson et
al 2010).

According to FAO (2008), the Lm value is 50% of F. indicus, at a total length of 130-
149 mm. This shows that the value of L50% <Lm50% means that F. indicus recruitment is
threatened by overfishing. According to Teikwa & Mgaya's (2003) research, the F. indicus
carapace length size of the first caught males is of 34 mm and 39 mm carapace in female
shrimps. [Melmammblessy's (2011) research showed that in Arafura's waters the size of the
first catch average size (Lc) at a carapace length of 60.26 mm. IThe average size of the F.
indicus caught for the first time (Lc) in the study area was smaller than the average size at
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the first maturity of gonads (Lm), indicating that most of the shrimp caught had not
spawned. In the long term, this situation is detrimental to the population’s sustainability,
hampering the shrimps recruitment process in the Seneboy waters. In this regard, it is
necessary to adjust the size of the mesh in such a manner that the smallest carapace
lengthof the caught F. indicus cannot be under 13.2 mm CL.

The growth rate (K) of F. indicus in the research area shows that they have a fast
growth rate: 1.1 per year in females and 1.0 per year in males, with an asymptotic
carapace length (Loo) of 54.6 mm CL for females and 52, 6 mm CL for males. The growth
parameters in different locations were: Loo = 35.7 mm and K = 1.26 year! in the waters of
the Segara Anakan Lagoon Cilacap, 1.4 year? and Lo 44.3 mm in the Kota Baru waters and
44.7 mm CL for males and 51.25 mm CL for females in the Kaimana waters. T ]

able 2

Asymptotic length (Lo), growth rate (K) and exploitation rate (E) of Fenneropenaeus
indicus in some areas

Location Sexes Los (mm cL) K to Authors
Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)
Kota Baru, South Kalimantan = Combined 44.3 1.4 - Suman et al (2010)
Kaimana, West Papua Combined 44.7 1.38 - Tirtadanu & Pangabean 2018)
) Male 40.7 1 0.56 .
Cilacap, Central Java Female 54.2 11 036 Suman & Prisantoso (2017)
. Male 45.2 1.55 0.76 .
Tarakan, North Kalimantan Female 57.6 133 076 Chodrijah & Suman (2017)
Sampit, Central Kalimantan Combined 57.8 1.45 0.66 Nurdin & Kembaren (2015)
Tanal Laut, South Kalimantan Combined 55 1.05 0.74 Suman et al (2017)
) Male 44.5 1.05 0.66 ’
Cenderawasih Bay, Papua Female 48.7 115 055 Kembaren & Ernawati (2015)
. Male 44.7 1.4 049 .
Kaimana, West Papua Female 51.25 1.37 044 Tirtadanu & Panggabean (2018)
Male 54.6 1.1 0.148
Seneboy, West Papua Female 52.6 10 0136 Present research

The mortality rate (Z) of F. indicus in the Seneboy waters is relatively low, namely 3.16 in
males and 2.6 in females. Some Penaeid shrimp in other waters, namely the waters of the
Cilacap Segara Anakan Lagoon, obtained an M value of 2.6 cm year?, an F value of 1.35 cm
year! (P. meruiensis in Segara Anakan Lagoon Cilacap is 1.43 year!, the natural mortality
rate is 1.85 cm year? and catching 2.32 cm year'!, Madura waters natural mortality rate of
2.17-2.22 cm year! and catching 1.11-1.56 cm year! (Saputra 2008; Kembaren et al
2012; Setyohadi et al 1999; Hedianto et al 2016).

The highest mortality rates (ind year!) were recorded: 9 for males and 9.47 for
females in the waters of Kota Baru, 10.58 in the Kakinada waters, 7.01 in the Khoozestan
waters and 5.78 in the Vietnamese waters (Tirtadanu et al 2017; Devi 1987; Ansari et al
2014; Dinh et al 2010). The natural mortality is influenced by several factors such as food
availability, disease, environment, competition and the presence of predatory species
(Sparre & Venema 1992; Niamaimandi et al 2007). Penaeid prawn is the prey of several
demersal fish, such as Lutjanus gibbus, Eleutheronema tetradactylum and Arius sp. (Bachok
et al 2004; Titrawani et al 2013). Death due to fishing (F) of both male and female F.
indicus is lower than the natural mortality rate (M), indicating that the F. indicus population
has not been exploited intensively by fishermen in the waters of Seneboy, West Papua.
Garcia (1988) suggests that the average natural mortality rate (M) of penaeid shrimp is
2.4+0.3 year? for adult shrimp. Naamin (1984) found that the F value of P. merguensis in
Arafura waters varies according to the development of the fishing effort, ranging from 0.55
year! (at the start of the exploitation) to 8.99 year!.
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In this study, the exploitation rates (E) of female and male F. indicus were 0.48 and
0.46. This condition explains that the fishing rate is greater than the natural mortality rate.
The optimum exploitation rate stated by Gulland (1983) is 0.5, so that the rate of
exploitation of F. indicus in Seneboy waters is close to the optimum value and is still
sustainable. The level of exploitation of F. indicus in several areas has exceeded the
optimum limit, namely in the waters of the Segara Anakan Cilacap Lagoon, Meulaboh
waters, Tarakan Bay, Tanah Laut and Cenderawasih, where the level of exploitation
indicates overfishing (Saputra 2008; Yusuf et al 2017; Chodrijah & Suman 2017; Suman et
al 2017; Kembaren & Ernawati 2015). The exploitation of F. indicus has approached the
maximum, suggesting that a reduction of the fishing pressure is required, with at least 5%
of the current total effort.

Conclusions. The average size of F. indicus caught in the waters of Seneboy South Sorong
is 16-49.6 mm CL for the males and 13.2 - 52.8 mm CL for the females. The sex ratio of F.
indicus is unbalanced: 1:1.8, male against female. The spawning season lasts throughout
the year with peaks in February and October. The catch is dominated by adults so that
management sets the regulations for the minimum legal size. These results concluded that
the arrest of F. indicus can be continued by arranging the arrest effort and stipulating a
minimum legal size of 35 mm CL. This indicates that the level of exploitation of F. indicus in
Seneboy waters is not yet optimal, but leads to overfishing. In order to maintain the
sustainability of the F. indicus resources in the waters of Seneboy, West Papua, it is
advisable (1) to reduce efforts with about 5% from the current level, by adjusting the mesh
in such a manner that the retained catch size of F. indicus will be of at least 13.2 mm CL
and (2) to suspend the F. indicus fishing operations in February and October.
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The growth rate of Banana shrimp(Fenneropenaeus
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Abstract. F. indicus is one of the important economical types of shrimp cultivated in South Sorong Seneboy
waters and currently its production tends to decrease. One of the data and information needed in assessing
the level of utilization and basis for its management is the biological aspect. This study aims to examine the
biological aspects of F. indicus as a policy material for shrimp fisheries management in the waters of Seneboy,
South Kalimantan. The study was conducted in January-November 2017 in the waters of Seneboy. The results
showed the average size of female F. indicus caught was 13.2 - 52.8 mmCL with a mode size of 31.1-33
mmCL and the average size of a male shrimp was 16-49.6 mm with a mode size 29 - 31 mmCL. The sex ratio
of male and female shrimp is 1: 1.8. F. indicus spawning season is suspected to last all year and peak in
February and October. The average size of the first time caught (Lc) shrimp is smaller than the average size
of the first time cooked gonads (Lm) (31.1<35 mmCL) so that most of the shrimp caught are small and have
not spawned. Growth rate (K), asymptotic carapace length (CL"), and age of female F. indicus at length 0 (t0)
were 1.1 per year, 54.6 mmCL and -0.14883 years; while male F. indicus is 1.0 per year; 52.6 mm and -
0.136202 years. Natural mortality rate (M), death rate due to capture (F), total death rate (Z), and exploitation
rate (E) of female rock lobsters at 2.64 per year; 1.53 per year; 2.64 per year; and 0.48 per year. While male
F. indicus amounted to 2.64 per year; 1.42 per year; 1.22 per year; and exploitation of 0.56 per year or
optimum utilization of F. indicus resources. The rate of exploitation/exploitation of F. indicus in Seneboy waters
is not fully exploited.

Keywords: Biology aspec; shrimp fisheries management; sex ratio; spawning season

Introduction. Banana shrimp (Fenneropenaeus indicus) is one of the important commodities
in the waters of Seneboy, South Sorong. This type of F. indicus has important economic value
and contributes to the improvement of the fishermen's economy in South Sorong. Seneboy
fishermen catch F. indicus using trammel net fishing gear with an average tonnage of 3 GT
vessels made of wood and fiber, 15 HP main engine power, as many as 3 people, about 600
m in length in @ 4 meter nylon net. Mesh size 1.5-7.25 inch, PE rope @ 8 mm for the head
rope. the length of the ground rope is 660 m. This fishing gear is an effective and
environmentally friendly fishing gear for catching F. indicus and other types of demersal fish
which are bycatch.

The trammel net fleet in catching time pertrip ranges from 6-9 hours or start at 07.00
to 16.00 hours (one day fishing), the fishing ground ranges from 1-20 miles with a distance
of about 1-4 hours from the landing base. Shrimp fishing ground around Wawonket cape, Dua
island, Daram island, Sibabu cape, Komokara cape, Sabuga island, Sele cape, Misool islands,
Sinabu cape, Banana islands and Segeat island. Shrimp fishing season is 12 months with the
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highest season in July-November with a catch of around 10-100 kg per trip. Production of
shrimp and other crustaceans in South Sorong waters in the period 2009 to 2016 amounted
to 4,051 tons with an annual average of 506.42 tons or 38.75%. Meanwhile, the annual
average production of white shrimp is 475.75 tons, with the highest production in 2010 of
557 tons and the lowest in 2013 of 350 tons (DKP Sorong, 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fisherman in Temibuanan Regency. Catching shrimp at this
location is carried out very intensively, so that fishing activities need to be controlled in its
utilization. One of the efforts in determining management is by examining several aspects of
biology and population parameters.

Research on several aspects of biology and population parameters in several waters in
Indonesia, namely in the waters of Arafura (Naamin, 1984), Cilacap (Suman, 1992; Suman
& Boer, 2005; Saputra, 2005; Saputra & Subiyanto, 2007; Hargiyatno et al, 2013), Strait
Madura (Setyohadi et al., 1999), Kotabaru (Suman & Umar, 2010), Bone (Kembaren &
Ernawati, 2015), Tarakan (Kembaren & Suman, 2013) and Meulaboh (Yusuf et al., 2017).

This study provides information on the status of shrimp fisheries as a catch target and
over-exploiting efforts, which are based on market demand and the increasing commercial
value of shrimp. Rational management actions need to be taken so that shrimp resources are
in a sustainable balance. Estimation of population parameters is needed as supporting data
and information in this management, namely evaluating the status of white shrimp increase
from year to year so that it can be used sustainably. The results of this study are expected to
complement and update previous studies, to underlie the management of white shrimp
resources in the waters of Seneboy, South Sorong and its surroundings.

Material Methods

Sampling of F. indicus caught with trammel net, was obtained from fishermen and
shrimp collectors in Seneboy Temibuana, South Sorong, from January to October 2016. The
enumerators were taking samples using a random sampling method. The data collected
included carapace length (CL), weight, sex, gonad maturity level and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html)
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Data Analysis

Biological data analysis included size distribution, sex ratio, gonad maturity level, average
size of first caught (Lc) and average size of gonad maturation (Lm). The analysis of population
parameter data were growth pattern data (CLco, K), mortality parameters (Z, M, F) and
utilization rate (E).

The distribution of carapace length measurements is presented in the form of a bar chart
with a length class of 2 mm. The level of maturity of female shrimp gonads was observed
visually based on Motoh (1981), namely by looking at the size of the shrimp ovary on the
back under the sun. Shrimp sex ratios were analyzed using the Chi-square test (Walpole,
1993)

The average first time gonad ripening (Lm) is obtained by entering the carapace length
and PLm values into a graphical logistic function (King, 1995) with the following equation:

1
P, =
€Lm ™ 1 + exp(aCl + b)

The value of carapace length for the first time caught (Lc) is obtained through a logistical
function approach with the Sparre & Venema equation, (1992):

1
Se = 1+ exp(a— B *Cl)

Where: SCL is the fishing gear selectivity, a and b are constant, CL is the length of shrimp
carapace and the value of CLc is obtained from a / b.

The method used in the study of population parameters is an analytical model based on
the composition of the age structure of the shrimp (Sparre & Venema, 1992). The growth
parameters of Von Bertalanffy, namely asymptotic carapace length (CLco) and growth
coefficient (K) were estimated by the ELEFAN I program in the FISAT II program (Gayanilo et
al., 2005). Estimation of theoretical age (t0) is carried out with Pauly's (1983) empirical
equation, namely:

Log (—ty) = (—0,3922) — 0,27521log CLoo — 1,038logK
The value of natural mortality (M) is estimated by the Pauly equation by explaining that
there is an effect of mean water temperature (T) on the mortality rate, based on empirical
observations (Pauly et al., 1984):
Log M= (-0,0066)-0,279 logCLc+0,6542 logK +0,4634 LogT
The total mortality (Z) value was estimated using the length-converted catch curve

method in the FISAT II program package (Pauly, 1983; Gayanilo et al., 2005). Capture
mortality and exploitation rate are estimated using the Sparre & Venema (1992) equation,:
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Results And Discussion

Biological Aspects

Samples of F. indicus obtained during the study were 2,085, consisting of 1,174 female
F. indicus (56.31%) and 911 males (46.69%). The carapace length of female F. indicus ranges
from 13.2 - 52.8 mm with weights ranging from 9.6-88.4 g with two modes in the range of
29-31 and 31.1-33 mmCL. Meanwhile, male F. indicus ranged between 16-49.6 mm, weights
ranged from 15.4-78.6 g with mode in the range of 29-31 mmCL (Figure 2).
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Figure 2. Length Frequency of F. indicus in Seneboy waters.

The sex ratio of F. indicus in the waters of Seneboy South Sorong is based on the chisquar
test, the condition is not balanced between the number of male shrimp and female shrimp.
Female shrimp are caught more dominantly than males. The sex ratio of male and female
shrimp is 1: 1.78. Meanwhile, the sex ratio of F. indicus showed a balanced condition of 1: 1
in February, March, September and October (Table 1).

Table 1
Sex ratio of F. indicus in Seneboy waters, January — October 2016.

Months Sex ratio of F. indicus) Comparison
(2016) Male Female M : F Ratio X2 P = 95%
January 66 162 1 2.45 40.42 not Balanced

February 100 98 1 1.48 0.02 Balanced
March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 not Balanced
May 149 97 1 1.47 10.99 not Balanced
June 56 144 1 2.18 38.72 not Balanced
July 100 161 1 2.44 14.26 not Balanced
August 62 138 1 2.09 28.88 not Balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 not Balanced
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The highest proportion of mature female F. indicus (the maturity level of gonads III and
the maturity level of gonads IV) was in January, February, September and October, with the
peak maturing of gonads in October. The proportion of mature female gonads in January,
February, September and October was 60%, 44%, 46% and 40% (Figure 3).
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Figure 3. Proportion of gonad maturity stages for female F. indicus in Seneboy waters,
Januari-October 2016.

The size of the first time capture (Lc) corresponds to the probability level of L50% on the
trammel net selectivity, explaining that the opportunity for the distribution of F. indicus is
suitable to be caught can increase the availability of resources. The logistic function graph
with a class interval of 2 mmCL is obtained that the average value for first time capture (Lc)
of F. indicus is 31.1 mmCL, with an average value (Lm) of 35 mmCL for the first time gonad

maturation (Figure 4).
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Figure 4. Average length first captured F. indicus with trammel net
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Population Parameters

The results of the analysis based on the length frequency of female F. indicus carapace
obtained the value of growth coefficient (K) in Seneboy waters 1.1 per year and 1.0 per year
for male F. indicus (Figure 5).
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Figure 5. Growth model of male (A) and female (B) F. indicus
by ELEFAN I in Seneboy waters.

The asymptotic carapace length (Loo) of female F. indicus was 54.6 mmCL and 52.6 mmCL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202 for
males. So that the equation for the Von Bertalanffy equation for female F. indicus is as Lt =
54.6 (1-e-1,100 (t-0.14883)) and male Lt = 52.6 (1-e-1,00 (t-0.136202)) (Figure 6). The
maximum size range of F. indicus is estimated at the age of 1.8 years or around 20 months.
The average size of F. indicus caught (Lc) 31.1 mmCL was estimated at the age of 7-8 months.
The size of female gonad ripe average (Lm) 35 mmCL was estimated at the age of 9-10
months.
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Figure 6. Von Bertalanffy curve of F. indicus in Seneboy waters.

The total mortality rate (Z) of female and male F. indicus based on the length conversion
curve with the catch is 3.16 per year with a natural mortality rate (M) of 1.64 per year and
the mortality rate due to fishing (F) of 1.53 per year. The total mortality rate (Z) of male F.
indicus was 2.64 per year, the natural mortality rate (M) was 1.42 per year and the mortality
rate due to fishing (F) was 1.22 per year. Based on these mortality parameters, the utilization
rate of female F. indicus was 0.48 and male was 0.46 (Figure 7).
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Figure 7. Growth curve of male (A) and female (B) F. indicus in waters of Seneboy

Discussion

The size distribution of F. indicus caught in the study area was greater than that in
Kaimana waters ranging from 25-49 mm and the average size was 28.98 mm for males and
34.96 females and was not much different from those caught in Meulaboh waters are females
with ranges between 17.8-79.54 mm, males between 18.3-64.36 mm. Whereas Penaeus
merguensis in Central Java waters for males is 20-62 mm and females 14-68 mm, waters in
West Java (17-47 mm) (Tirtadanu, 2018; Yusuf, 2017; Suman et al., 1988). Differences in
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shrimp size at several locations can be caused by different gears, environmental conditions
and fishing pressure (Olin et al., 2017; Wilson et al., 2010; Matthews, 1982; Ogbonna, 2001).
It is suspected that the larger shrimp size in Seneboy waters is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced with the
number of females caught being more dominant than males. The unbalanced condition is
similar to the F. indicus caught in Meulaboh waters (Yusuf, 2017; Saputra, 2008; Saputra et
al., 2013; Wedjadmiko & Yulianti, 2003; Wedjadmiko, 2009; Suman et al., 1991). This
condition shows that the fishing pressure of shrimp resources in Seneboy waters has not
disturbed population renewal so that the sustainability of shrimp stocks is still well maintained.

The peak estimated proportion of gonad ripe F. indicus occurs in February and October.
The discovery of mature gonads indicates that this month is the spawning season for shrimp
(Martosubroto, 1978). The peak spawning of several types of Penaied shrimp, including P.
merguiensis in the waters of West Kalimantan occurred in November, the peak spawning of
Metapenaeus monoceros in Southern Java waters occurred in January and August and the
peak spawning of Metapenaeus monoceros in the Gulf of Carpentaria, Australia occurs from
September to October (Kembaren, 2013; Suman et al., 2005; Crocos et al., 2000; Pillai &
Thirumilu, 2013 and Gerami et al., 2013). The spawning season for F. indicus in the study
area is seen to last throughout the year with a peak in February and October. From the
perspective of resource sustainability, it is preferable that within a period of one year the
season closes in February and October for catching F. indicus in Seneboy waters.

The average size for the first time caught (Lc) of F. indicus in the study area was 31.1
mmCL and the mean value for the first time gonad maturation was 35 mmCL. The results of
research in the waters of the Cilacap Segara Anakan Lagoon with floating net Lc value of 20.2
mm or at a total length of about 90 mm (Saputra, 2008). Chan (1998) states that F. indicus
females can reach a total length of 230 mm, although that is generally less than 170 mm.
These results are different from the results of research in the waters of North Central Java,
the carapace length of P. merguensis is 29.4 mm (Tirtadanu & Ernawati, 2016), the carapace
length of Mayangan waters is 28.9 mm (Wedjatmiko & Yulianti, 2003) and Lc in Dolak waters,
Arafura Sea is 28.78 mm (Hargiyatno I.T. & Sumiono B., 2012) The difference in Lc value is
not only caused by the mesh size of the net used is also due to the time and location of the
fishing. According to Susetiono & Setyono (1990), the group of P. merguensis in shallow
waters tends to be smaller. than in deeper waters, it is smaller than in the waters of Cilacap
with an average size of first maturation of gonads (Lm) of 51 mmCL (Saputra et al., 2013).
The difference in shrimp size in several locations can be caused by different gears,
environmental conditions and fishing pressure (Olin et al., 2017; Wilson et al., 2010).

According to FAO (2008), the Lm value is 50% of F. indicus at a total length of 130-149
mm. This shows that the value of L50% <Lm50% means that F. indicus is threatened by
recruitment overfishing. According to Teikwa & Mgaya's research (2003), the size of the first
male F. indicus is at 34 mm carapace length and female shrimp at 39 mm carapace length.
Melmammblessy's research (2011) showed that Arafura's waters the size of the first maturity
of the gonads at a carapace length of 60.26 mm. The average size for the first time caught
by F. indicus (Lc) in the study area was smaller than the average size at first maturity of
gonads (Lm), indicating that most of the shrimp caught had not spawned so in the long run
this was not good for population sustainability because will hamper the process of adding
these shrimps in Seneboy waters. In this regard, it is necessary to arrange the size of the
mesh so that the size of the F. indicus caught is the smallest at the carapace length of 13.2
mmCL.

The growth rate (K) of F. indicus in the research area shows that they have fast growth
with a growth value of 1.1 per year in females and 1.0 per year, with asymptotic carapace
length (Loo) of female F. indicus 54.6 mmCL and 52, 6 mmCL for males. With the maximum
size reached at the age of about 1.8 years or about 20 months. When compared with growth
parameters in different locations, the growth rate of F. indicus in the study area shows
different growth values. waters of the Segara Anakan Lagoon Cilacap Loo = 35.7 mm; K =
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1.26/year, Kota Baru waters was 1.4/year and Lo 44.3 mm, in Kaimana waters it was 44.7
mmCL for males and 51.25 mmCL for females.

Location Sex Lo (mmcL) K to Authors

Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)

Kota Baru, South Combined 44.3 1.4 - Suman et al (2010).

Kalimantan

Kaimana, West Papua Male 44.7 1.38 - Tirtadanu & Pangabean 2018)
Female

Cilacap, Male 40.7 1 0.56 Suman & Prisantoso (2017)

Central Java Female 54.2 1.1 0.36

Tarakan, Male 45.2 1.55 0.76 Chodrijah & Suman (2017)

North Kalimantan Female 57.6 1.33 0.76

Sampit, Combined 57.8 1.45 0.66 Nurdin & Kembaren (2015)

Central Kalimantan

Tanal Laut, Combined 55 1.05 0.74 Suman et al (2017)

South Kalimantan

Cenderawasih Bay, Male 44.5 1.05 0.66 Kembaren & Ernawati (2015)

Papua Female 48.7 1.15 0.55

Kaimana, West Papua Male 44.7 1.4 0.49 Tirtadanu & Panggabean (2018)
Female 51.25 1.37 0.44

Seneboy, West Papua Male 54.6 1.1 0.148 Present research
Female 52.6 1.0 0.136

The mortality rate (Z) of F. indicus in Seneboy waters is relatively low, namely 3.16 in
females and 2.6 in females. Some Penaeid shrimp in other waters, namely the waters of the
Cilacap Segara Anakan Lagoon, obtained an M value of 2.6/year, an F value of 1.35/year (P.
meruiensis in Segara Anakan Lagoon Cilacap is 1.43/year, the natural mortality rate is 1.85
per year and catching 2.32 per year, Madura waters natural mortality rate of 2.17-2.22 per
year and catching 1.11-1.56 per year (Saputra, 2008; Kembaren et al., 2012; Setyohadi et
al., 1999; Hedianto et al., 2016).

The high mortality rates were in the waters of Kota Baru 9 for males and 9.47 for females,
in Kakinada waters 10.58; in Khoozestan waters 7.01 and Vietnamese waters 5.78 (Tirtadanu
etal., 2017; Devi, 1987; Ansari et al., 2014; Dinh et al., 2010). Natural mortality is influenced
by several factors such as food availability, disease, environment, competition and especially
the presence of predatory species (Sparre & Venema 1992; Niamaimandi et al., 2007).

Penaeid parwn is the prey of several demersal fish such as Lutjanus gibbus,
Eleutheronema tetradactylum and Arius sp. (Bachok et al 2004; Titrawani et al 2013). Death
due to fishing (F) of both male and female F. indicus is lower than the natural mortality rate
(M) indicating that the utilization of the F. indicus population has not been exploited
intensively by fishermen in the waters of Seneboy, West Papua. Garcia (1988) suggests that
the average natural mortality rate (M) of penaeid shrimp is 2.4 £ 0.3/year for adult shrimp.
Naamin (1984) found that the F value of P. merguensis in Arafura waters varies according to
the development of fishing effort, which ranges from 0.55/year (at the start of the
exploitation) to 8.99/year.
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Cultivation rates (E) of female and male F. indicus were 0.48 and 0.46. This condition
explains that the fishing rate is greater than the natural mortality rate. The optimum
exploitation rate stated by Gulland (1983) is 0.5 so that the rate of exploitation of F. indicus
in Seneboy waters is close to the optimum value and is still sustainable. The level of
exploitation of F. indicus in several areas has exceeded the optimum limit, namely the waters
of the Segara Anakan Cilacap Lagoon, Meulaboh waters, Tarakan Bay, Tanah Laut and
Cenderawasih the level of exploitation indicates overfishing (Saputra, 2008; Yusuf et al 2017;
Chodrijah & Suman 2017; Suman et al., 2017; Kembaren & Ernawati 2015). Utilization of F.
indicus has approached the maximum, on this basis the need for fishing pressure of about
5% of the current total effort.

Conclusions

The average size of male F. indicus caught in the waters of Seneboy South Sorong is 16-
49.6 mmCL and females 13.2 - 52.8 mmCL. The sex ratio of Metapenaeus affinis shows an
unbalanced condition with the ratio of male and female shrimp is 1: 1.8. The spawning season
lasts throughout the year with a peak in February and October and the average size of first
caught (Lc) of shrimp is smaller than the average size of first-time gonads (Lm) (31.1>35
mmCL). The growth rate and mortality rate of F. indicus in Seneboy waters were lower with
the exploitation rate values (E) 0.48 and 0.46. This indicates that the level of utilization of F.
indicus in Seneboy waters is not yet optimal, but leads to overfishing. In order for the
sustainability of the F. indicus resource in the waters of Seneboy, West Papua, it is advisable
to reduce efforts about 5% from the current, adjusting the mesh so that the catch size is at
least 13.2 mmCL and closing the fishing season in February and October.
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The growth rate of Fenneropenaeus indicus in

Seneboy Waters, South Sorong, Papua, Indonesia
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Abstract. Fenneropenaeus indicus is one of the economically important species of shrimp cultivated in
South Sorong Seneboy waters and currently its production tends to decrease. Studying its biological aspects
provides data and information needed for assessing its exploitation and managing its conservation. This
study aims to examine the biological aspects of F. indicus as a material for shrimp fisheries management in
the waters of Seneboy, South Kalimantan. The study was conducted between January-November 2017 in
the waters of Seneboy. The results showed that the average size of the caught female F. indicus was 13.2-
52.8 mm carapace length (CL), with a mode size of 31.1-33 mm CL, and the average size of a male shrimp
was 16-49.6 mm CL with a mode size 29-31 mm CL. The sex ratio of male and female shrimp is 1:1.8. F.
indicus spawning season is suspected to last all year and peak in February and October. The average size of
the first time caught (Lc=31.1 CL) shrimp is smaller than the average size of the first time cooked gonads
(Lm =35 mm) so that most of the shrimp caught are small and have not spawned. In female F. indicus, the
growth rate (K), asymptotic carapace length (CL) and age at length 0 (t0) were of: 1.1 cm year?, 54.6 mm
CL and -0.14883 years, respectively, while in male they were of: 1.0 cm year?, 52.6 mm and -0.136202
years, respectively. The natural mortality rate (M), death rate due to capture (F), total death rate (Z) and
exploitation rate (E) of female rock lobsters were 2.64 cm year?, 1.53 cm year?, 2.64 cm year! and 0.48
cm year!, respectively, while in male F. indicus amounted to 2.64 cm year?, 1.42 cm year?, 1.22 cm year*
and 0.56 cm year?, corresponding to an optimal utilization of the F. indicus resources. The status of F.
indicus in Seneboy waters is “not fully exploited”.

Key Words: biology aspect; shrimp fisheries management; sex ratio; spawning season.

Introduction. Fenneropenaeus indicus is one of the important commodities in the waters of
Seneboy, South Sorong. F. indicus has an economic value and contributes to the
improvement of the fishermen's life in South Sorong. Seneboy fishermen catch F. indicus
using a 4 meter nylon trammel net as fishing gear, operated by 3 people from vessels of
about 6 m in length, made of wood and fiber, of an average tonnage of 3 GT and a main
engine power of 15 HP. The mesh size is of 1.5-7.25 inch, with a polyethylene head rope of @
8 mm. The length of the ground rope is 660 m. This effective and environmentally friendly
fishing gear is used for catching F. indicus and other types of demersal fish which are
bycatch (BRPL 2016).

The catching time per trip ranges from 6 to 9 hours (from 07.00 to 16.00 hours,
which is one day fishing) and the fishing ground ranges from 1 to 20 miles, with a distance
of about 1-4 hours from the landing base. The shrimp fishing grounds are located around
Wawonket Cape, Dua Island, Daram Island, Sibabu Cape, Komokara Cape, Sabuga Island,
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Sele Cape, Misool Islands, Sinabu Cape, Banana Island and Segeat Island. The shrimp
fishing season is 12 months with the highest season in July-November, with a catch of
around 10-100 kg trip™t. The production of shrimp and other crustaceans in South Sorong
waters, in the period 2009 to 2016, reached 4,051 tons, with an annual average of 506.42
tons or 38.75%, total production. The annual average production of F. indicus is 475.75
tons, with the highest production in 2010 of 557 tons and the lowest in 2013 of 350 tons
(DKP Sorong 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fishermen in Temibuanan Regency. Catching shrimp at this
location is carried out very intensively, so that fishing activities need to be supervised. The
biology and population parameters provide the control and management criteria to the
marine authorities.

Research on several aspects of biology and population parameters was extensively
conducted in several waters in Indonesia: Arafura (Naamin 1984), Cilacap (Suman 1992;
Suman & Boer 2005; Hargiyatno et al 2013; Saputra & Subiyanto 2007), Strait Madura
(Setyohadi et al 1999), Kotabaru (Suman & Umar 2010), Bone (Kembaren & Ernawati
2015), Tarakan (Kembaren & Suman 2013) and Meulaboh (Yusuf et al 2017).

The study provides information on the exploitation status of shrimp, facing the
market demand and an increasing commercial value. Rational management actions need to
be taken in order to maintain a sustainable balance of the shrimp resources and the
population parameters estimation is required as supporting data and information. The
results of this study are expected to complement and update previous studies, underlying
the management of F. indicus resources in the waters of Seneboy, South Sorong, and
surroundings.

Material and Method

Research location and time. F. indicus sampling was carried out with a trammel net,
obtained from fishermen and shrimp collectors in Seneboy Temibuana, South Sorong, from
January to October 2016. The enumerators were taking samples using a random sampling
method. The data collected included carapace length (CL), weight, sex, gonad maturity level
and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html).
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Data analysis. Biological data analysis included the size distribution, sex ratio, gonad
maturity level, average size of first caught specimens (Lc). The analyzed population
parameters were the growth pattern (CLco, K), mortality parameters (Z, M, F) and
utilization rate (E).

The distribution of carapace length measurements is presented in the form of a bar
chart with a length class of 2 mm. The level of maturity of female shrimp gonads was
observed visually based on Motoh (1981), namely by looking at the size of the shrimp
ovary, located on its back. Shrimp sex ratios were analyzed using the Chi-square test
(Walpole 1993)

The length at first matured (Lm) is obtained by entering the carapace length and P.m
values into a graphical logistic function (King 1995), with the following equation:

1
" 1+exp (aCl+b)

PLm
Where:
P.m - logistic curve of proportion mature by length, Lm was determined by a/b;
a - the intercept of regression;
b - the slope of regression;

The value of carapace length caught for the first time (Lc) is obtained through a logistic
function approach, with the Sparre & Venema (1992) equation:

1

SL:1+eXp(a—b*CL)

Where:

SL - logistic curve and Lc was determined by a/b;
a - the intercept of regression;

b - the slope of regression;

CL - the length of shrimp carapace.

The method used in the study of population parameters is an analytical model based
on the composition of the age structure of the shrimp (Sparre & Venema 1992). The growth
parameters of Von Bertalanffy, namely the asymptotic carapace length (CLco) and the
growth coefficient (K) were estimated by the ELEFAN I program in the FISAT II program
(Gayanilo et al 2005). An estimation of the theoretical age (t0) is carried out with the
Pauly's (1983) empirical equation, namely:

Log (—ty) = (—0.3922) — 0.2752log CLoo — 1.038log K
The value of the natural mortality (M) is estimated through the Pauly’s equation, by
including the effect of the mean water temperature (T) on the mortality rate, based on
empirical observations (Pauly et al 1984):
Log M= (-0.0066)-0.279 log CLo0+0.6542 log K +0.4634 Log T
The total mortality (Z) value was estimated using the length-converted catch curve

method in the FISAT II program package (Pauly 1983; Gayanilo et al 2005). The capture
mortality and exploitation rate are estimated using the Sparre & Venema (1992) equations:
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Where:

E - the exploitation rate;
F - the Fishing mortality;
M- natural mortality;

Z - the total mortality.

Results and Discussion

NI =

Biological aspects. A number of 2,085 F. indicus specimens were collected during the
study were: 1,174 females (56.31%) and 911 males (46.69%). The carapace length of
female F. indicus ranged from 13.2 to 52.8 mm, for a weight ranging from 9.6 to 88.4 g,
with two modes in the ranges of 29-31 and 31.1-33 mm CL. The carapace length of male F.
indicus ranged between 16-49.6 mm, for a weight ranging from 15.4 to 78.6 g, with a mode
in the range of 29-31 mm CL (Figure 2).
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Figure 2. Length frequency of Fenneropenaeus indicus in Seneboy waters.

The sex ratio determination of F. indicus in the waters of Seneboy South Sorong is based on
the chi squared test, which indicates an imbalance between the male and female shrimp
populations: in most cases, female shrimp dominate the catch. Although the average sex
ratio of F. indicus males and females is 1: 1.78, it showed a balanced value of 1:1 in
February, March, September and October (Table 1).

Table 1

Sex ratio of Fenneropenaeus indicus in Seneboy waters, January-October 2016

Months Sex ratio of F. indicus Comparison
(2016) Male Female M:F ratio X2 P=95%
January 66 162 1 2.45 40.42 Not balanced
February 100 98 1 1.48 0.02 Balanced
March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 Not balanced
May 149 97 1 1.47 10.99 Not balanced
AACL Bioflux, 2021, Volume 14, Issue x. 4
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June 56 144 1 2.18 38.72 Not balanced
July 100 161 1 2.44 14.26 Not balanced
August 62 138 1 2.09 28.88 Not balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 Not balanced

The highest proportion of mature female F. indicus (the maturity level of gonads III and the
maturity level of gonads IV) was in January, February, September and October, with the
peak maturing of gonads in October. The proportion of females with mature gonads in
January, February, September and October was 60, 44, 46 and 40% (Figure 3).
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Figure 3. Proportion of Fenneropenaeus indicus females with mature gonads in Seneboy

waters, January-October 2016.

The size of the first time capture (Lc) corresponds to the probability level of L50% of the
trammel net selectivity, meaning that the catch distribution of F. indicus can influence the
availability of resources. The logistic function graph with a class interval of 2 mm CL
indicates that the average value at the first capture (Lc) of F. indicusis 31.1 mm CL, with an

average value (Lm) of 35 mm CL at the first gonad maturation (Figure 4).
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Figure 4. Average length at first Fenneropenaeus indicus capture with a trammel net of the.

Population parameters. The growth parameters of F. indicus in the Seneboy waters is
processed from long frequency distribution data carapace by tracking any mode shift the
distribution of carapace length frequencies in a curved sequence of times Von Bertalanffy's
growth. Based on the results of the analysis, it was found that infinitive carapace length
(Loo) of female F. indicus was 54.6 mm, the growth rate (K) was 1.1 year ! and the male
was 52.6 mm, the growth rate was 1.0 year?! (Figure 5). From the value of these two
parameters a growth equation and a key relationship can be created between carapace
lengths with aged shrimp by using multiple variations in age value (t).

[A]

Length [mm)

Len gl!h [mm)

2016

Figure 5. Growth model of male (A) and female (B) Fenneropenaeus indicus by ELEFAN I in
Seneboy waters.
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The asymptotic carapace length (Loo) of female F. indicus was 54.6 mm CL and 52.6 mm CL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202
for males. So that the equation for the Von Bertalanffy equation for female F. indicus is Lt =
54.6 (1-e-1,100 (t-0.14883)) and for male F. indicus it is Lt = 52.6 (1-e-1.00 (t-0.136202))
(Figure 6). The maximum size range of F. indicus is estimated at the age of 1.8 years or
around 20 months. The average size of 31.1 mm CL in caught F. indicus (Lc) was estimated
at the age of 7-8 months. The average mature gonad size in females (Lm) was of 35 mm
CL, at the age of 9-10 months.

Von Bertalanffy curve of F. indicus in Seneboy waters

" Female L(t) =54.6 (1 — g{~1100(s+014833))

Male L(t) =526 (1 = gl -LODKs+0L36I}
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L
=]

Q 5 10 15 20 15 30 35
Months

Figure 6. Von Bertalanffy curve of Fenneropenaeus indicus in Seneboy waters.

The total mortality rate (Z) of female and male F. indicus based on the length-converted
catch curve is 3.16 year?!, with a natural mortality rate (M) of 1.64 year and the mortality
rate due to fishing (F) of 1.53 year!. The total mortality rate (Z) of male F. indicus was 2.64
year?, the natural mortality rate (M) was 1.42 year? and the mortality rate due to fishing
(F) was 1.22 year. Based on these mortality parameters, the utilization rate of F. indicus
was 0.48 for females and 0.46 for males (Figure 7).
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Figure 7. Growth curve of male (A) and female (B) Fenneropenaeus indicus in waters of
Seneboy.

Discussion. The size distribution of F. indicus caught in the study area was greater than in
Kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for males
and 34.96 for females. The size of F. indicus specimens caught in Meulaboh waters ranged
between 17.8 and 79.54 mm for females and between 18.3 and 64.36 mm for males. The
size of Penaeus merguensis in Central Java waters ranged between 20 and 62 mm for males
and between 14 and 68 mm for females, and averaged 17 to 47 mm in West Java waters
(Tirtadanu& Panggabean 2018; Yusuf 2017; Suman et al 1988). Differences in shrimp size
at several locations can be caused by different gears, environmental conditions and fishing
pressure (Olin et al 2017; Wilson et al 2010; Matthews 1982; Ogbonna 2001). Given the
larger shrimp size in Seneboy waters, it is supposed that the species is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced: the
females dominated the catch. The unbalanced sex ratio is similar to the F. indicus caught in
Meulaboh waters (Yusuf 2017; Saputra 2008; Saputra et al 2013; Wedjadmiko & Yulianti
2003; Wedjatmiko 2009; Suman et al 1991), suggesting that the fishing pressure of shrimp
resources in Seneboy waters has not disturbed the population renewal so that the
sustainability of shrimp stocks is still well maintained.

The peak indicated that a higher frequency of mature gonads in F. indicus occured in
February and October, suggesting the spawning seasons for the shrimp (Martosubroto
1978). For comparson, the spawning peaks occurred in November for several types of
Penaied shrimp from the waters of West Kalimantan (including P. merguiensis), in January
and August for the Metapenaeus monoceros from the Southern Java waters and from
September to October for the Metapenaeus monoceros from the Gulf of Carpentaria,
Australia (Kembaren & Suman 2013; Suman et al 2005; Crocos et al 2000; Pillai &
Thirumilu 2013; Gerami et al 2013). The spawning season for F. indicus in the study area
lasted throughout the year, with peaks in February and October. Therefore, from the
perspective of the resources sustainability, it is preferable to suspend the F. indicus fishing
activities in Seneboy waters during February and October.

The first catch average size (Lc) of F. indicus in the study area was of 31.1 mm CL and
the mean value at the first gonad maturity was 35 mm CL. The results of research
conducted in the waters of the Cilacap Segara Anakan Lagoon, using floating nets, showed
an Lc value of 20.2 mm, for a total length of about 90 mm (Saputra 2008). Chan (1998)
stated that F. indicus females can reach a total length of 230 mm, although they generally
measure less than 170 mm. These results are different from the research conducted in the
waters of North Central Java, where the carapace length of P. merguensis was of 29.4 mm
(Tirtadanu & Ernawati 2016); Wedjatmiko & Yulianti 2003; Hargiyatno & Sumiono 2012).
The differences of Lc values are not only caused by the mesh size of the net used, but they
are aIso due to the operat|ons durat|on and to the Iocat|on of the ﬂshmg ground the

; Accordlng to Susetiono &

Setyono (1990), the P merguensis from shallow waters tends to be smaller than in deeper

waters (e.g. Cilacap), with an average size (Lc) of 51 mm CL (Saputra et al 2013). The

shrimp size differences at several locations can be caused by different gears, environmental
conditions and fishing pressure (Olin et al 2017; Wilson et al 2010).

According to FAO (2008), the Lm value is 50% of F. indicus, at a total length of 130-

149 mm. This shows that the value of L50% <Lm50% means that F. indicus recruitment is

threatened by overfishing. According to Teikwa & Mgaya's (2003) research, the F. indicus

carapace length size of the first caught males is of 34 mm and 39 mm carapace in female

shrimps. Melmammblessy's (2011)said, research-showed-thatin-Arafura's—watersthe sizeof
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- The results of this study
indicate that in Arafura waters, the average size of the first catch (Lc) has a carapace length
of 60.26 mm. The average size of the F. indicus caught for the first time (Lc) in the study
area was smaller than the average size at the first maturity of gonads (Lm), indicating that
most of the shrimp caught had not spawned. In the long term, this situation is detrimental
to the population’s sustainability, hampering the shrimps recruitment process in the
Seneboy waters. In this regard, it is necessary to adjust the size of the mesh in such a
manner that the smallest carapace lengthof the caught F. indicus cannot be under 13.2 mm
CL.

The growth rate (K) of F. indicus in the research area shows that they have a fast
growth rate: 1.1 per year in females and 1.0 per year in males, with an asymptotic
carapace length (Loo) of 54.6 mm CL for females and 52, 6 mm CL for males. The growth
parameters in different locations were: Loo = 35.7 mm and K = 1.26 year! in the waters of
the Segara Anakan Lagoon Cilacap, 1.4 year?! and Lo 44.3 mm in the Kota Baru waters and
44.7 mm CL for males and 51.25 mm CL for females in the Kaimana waters. (table 2).

Table 2
Asymptotic length (Loo), growth rate (K) and exploitation rate (E)
of F. indicus in some areas
Location Sexes Leo (mm c1) K to Authors
Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)
Kota Baru, South Kalimantan = Combined 44.3 1.4 - Suman et al (2010)
Kaimana, West Papua Combined 44.7 1.38 - Tirtadanu & Pangabean 2018)
. Male 40.7 1 0.56 .
Cilacap, Central Java Female 54.2 11 0.36 Suman & Prisantoso (2017)
. Male 45.2 1.55 0.76 ..
Tarakan, North Kalimantan Female 57.6 133 0.76 Chodrijah & Suman (2017)
Sampit, Central Kalimantan Combined 57.8 1.45 0.66 Nurdin & Kembaren (2015)
Tanal Laut, South Kalimantan Combined 55 1.05 0.74 Suman et al (2017)
. Male 44.5 1.05 0.66 .
Cenderawasih Bay, Papua Female 48.7 115 055 Kembaren & Ernawati (2015)
. Male 44.7 1.4 0.49 _.
Kaimana, West Papua Female 51.25 1.37 044 Tirtadanu & Panggabean (2018)
Male 54.6 1.1 0.148
Seneboy, West Papua Female 57.6 10 0136 Present research

The mortality rate (Z) of F. indicus in the Seneboy waters is relatively low, namely 3.16 in
males and 2.6 in females. Some Penaeid shrimp in other waters, namely the waters of the
Cilacap Segara Anakan Lagoon, obtained an M value of 2.6 cm year?, an F value of 1.35 cm
year?! (P. meruiensis in Segara Anakan Lagoon Cilacap is 1.43 year!, the natural mortality
rate is 1.85 cm year! and catching 2.32 cm year!, Madura waters natural mortality rate of
2.17-2.22 cm year! and catching 1.11-1.56 cm year?! (Saputra 2008; Kembaren et al
2012; Setyohadi et al 1999; Hedianto et al 2016).

The highest mortality rates (ind year?!) were recorded: 9 for males and 9.47 for
females in the waters of Kota Baru, 10.58 in the Kakinada waters, 7.01 in the Khoozestan
waters and 5.78 in the Vietnamese waters (Tirtadanu et al 2017; Devi 1987; Ansari et al
2014; Dinh et al 2010). The natural mortality is influenced by several factors such as food
availability, disease, environment, competition and the presence of predatory species
(Sparre & Venema 1992; Niamaimandi et al 2007). Penaeid prawn is the prey of several
demersal fish, such as Lutjanus gibbus, Eleutheronema tetradactylum and Arius sp. (Bachok
et al 2004; Titrawani et al 2013). Death due to fishing (F) of both male and female F.
indicus is lower than the natural mortality rate (M), indicating that the F. indicus population
has not been exploited intensively by fishermen in the waters of Seneboy, West Papua.
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Garcia (1988) suggests that the average natural mortality rate (M) of penaeid shrimp is
2.4+0.3 year for adult shrimp. Naamin (1984) found that the F value of P. merguensis in
Arafura waters varies according to the development of the fishing effort, ranging from 0.55
year? (at the start of the exploitation) to 8.99 year.

In this study, the exploitation rates (E) of female and male F. indicus were 0.48 and
0.46. This condition explains that the fishing rate is greater than the natural mortality rate.
The optimum exploitation rate stated by Gulland (1983) is 0.5, so that the rate of
exploitation of F. indicus in Seneboy waters is close to the optimum value and is still
sustainable. The level of exploitation of F. indicus in several areas has exceeded the
optimum limit, namely in the waters of the Segara Anakan Cilacap Lagoon, Meulaboh
waters, Tarakan Bay, Tanah Laut and Cenderawasih, where the level of exploitation
indicates overfishing (Saputra 2008; Yusuf et al 2017; Chodrijah & Suman 2017; Suman et
al 2017; Kembaren & Ernawati 2015). The exploitation of F. indicus has approached the
maximum, suggesting that a reduction of the fishing pressure is required, with at least 5%
of the current total effort.

Conclusions. The average size of F. indicus caught in the waters of Seneboy South Sorong
is 16-49.6 mm CL for the males and 13.2 - 52.8 mm CL for the females. The sex ratio of F.
indicus is unbalanced: 1:1.8, male against female. The spawning season lasts throughout
the year with peaks in February and October. The catch is dominated by adults so that
management sets the regulations for the minimum legal size. These results concluded that
the arrest of F. indicus can be continued by arranging the arrest effort and stipulating a
minimum legal size of 35 mm CL. This indicates that the level of exploitation of F. indicus in
Seneboy waters is not yet optimal, but leads to overfishing. In order to maintain the
sustainability of the F. indicus resources in the waters of Seneboy, West Papua, it is
advisable (1) to reduce efforts with about 5% from the current level, by adjusting the mesh
in such a manner that the retained catch size of F. indicus will be of at least 13.2 mm CL
and (2) to suspend the F. indicus fishing operations in February and October.
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Abstract. Fenneropenaeus indicus is one of the economically important species of shrimp cultivated in
South Sorong Seneboy waters and currently its production tends to decrease. Studying its biological aspects
provides data and information needed for assessing its exploitation and managing its conservation. This
study aims to examine the biological aspects of F. indicus as a material for shrimp fisheries management in
the waters of Seneboy, South Kalimantan. The study was conducted between January-November 2017 in
the waters of Seneboy. The results showed that the average size of the caught female F. indicus was 13.2-
52.8 mm carapace length (CL), with a mode size of 31.1-33 mm CL, and the average size of a male shrimp
was 16-49.6 mm CL with a mode size 29-31 mm CL. The sex ratio of male and female shrimp was 1:1.8. F.
indicus spawning season is suspected to last all year and peak in February and October. The average size of
the first time caught (Lc=31.1 CL) shrimp was smaller than the average size of the first time cooked gonads
(Lm=35 mm), so that most of the shrimp caught were small and had not spawned. In female F. indicus, the
growth rate (K), asymptotic carapace length (CL) and age at length 0 (t0) were of: 1.1 cm year?, 54.6 mm
CL and -0.14883 years, respectively, while in male they were of: 1.0 cm year?, 52.6 mm and -0.136202
years, respectively. The natural mortality rate (M), death rate due to capture (F), total death rate (Z) and
exploitation rate (E) of female rock lobsters were 2.64 cm year?, 1.53 cm year?, 2.64 cm year? and 0.48
cm year!, respectively, while in male F. indicus amounted to 2.64 cm year?, 1.42 cm year?, 1.22 cm year*
and 0.56 cm year?, corresponding to an optimal utilization of the F. indicus resources. The status of F.
indicus in Seneboy waters is “not fully exploited”.

Key Words: biology aspect, shrimp fisheries management, sex ratio, spawning season.

Introduction. Fenneropenaeus indicus is one of the important commodities in the waters of
Seneboy, South Sorong. F. indicus has economic value and contributes to the improvement
of the fishermen's life in South Sorong. Seneboy fishermen catch F. indicus using a 4 m
nylon trammel net as fishing gear, operated by 3 people from vessels of about 6 m in
length, made of wood and fiber, of an average tonnage of 3 GT and a main engine power of
15 HP. The mesh size is of 1.5-7.25 inch, with a polyethylene head rope of @ 8 mm. The
length of the ground rope is 660 m. This effective and environmentally friendly fishing gear
is used for catching F. indicus and other types of demersal fish which are bycatch (BRPL
2016). The catching time per trip ranges from 6 to 9 hours (from 07.00 to 16.00 hours,
which is one day fishing) and the fishing ground ranges from 1 to 20 miles, with a distance
of about 1-4 hours from the landing base. The shrimp fishing grounds are located around
Wawonket Cape, Dua Island, Daram Island, Sibabu Cape, Komokara Cape, Sabuga Island,
Sele Cape, Misool Islands, Sinabu Cape, Banana Island and Segeat Island. The shrimp
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fishing season is 12 months with the highest season in July-November, with a catch of
around 10-100 kg trip™t. The production of shrimp and other crustaceans in South Sorong
waters, in the period 2009 to 2016, reached 4,051 tons, with an annual average of 506.42
tons or 38.75%, total production. The annual average production of F. indicus was 475.75
tons, with the highest production in 2010 of 557 tons and the lowest in 2013 of 350 tons
(DKP Sorong 2017).

Shrimp catching activity in Seneboy, South Sorong, is the main support to meet the
economic needs of trammel net fishermen in Temibuanan Regency. Catching shrimp at this
location is carried out very intensively, so that fishing activities need to be supervised. The
biology and population parameters provide the control and management criteria to the
marine authorities. Research on several aspects of biology and population parameters was
extensively conducted in several waters in Indonesia: Arafura (Naamin 1984), Cilacap
(Suman 1992; Suman & Boer 2005; Hargiyatno et al 2013; Saputra & Subiyanto 2007),
Strait Madura (Setyohadi et al 1999), Kotabaru (Suman & Umar 2010), Bone (Kembaren &
Ernawati 2015), Tarakan (Kembaren & Suman 2013) and Meulaboh (Yusuf et al 2017).

The study provides information on the exploitation status of F. indicus, facing the
market demand and an increasing commercial value. Rational management actions need to
be taken in order to maintain a sustainable balance of the shrimp resources and the
population parameters estimation is required as supporting data and information. The
results of this study are expected to complement and update previous studies, underlying
the management of F. indicus resources in the waters of Seneboy, South Sorong, and
surroundings.

Material and Method

Research location and time. F. indicus sampling was carried out with a trammel net,
obtained from fishermen and shrimp collectors in Seneboy Temibuana, South Sorong, from
January to October 2016. The enumerators were taking samples using a random sampling
method. The data collected included carapace length (CL), weight, sex, gonad maturity level
and fishing area (Figure 1).
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Figure 1. Fishing ground of trammel net in Seneboy, South Sorong
(https://www.mapsofworld.com/where-is/sorong.html).
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Data analysis. Biological data analysis included the size distribution, sex ratio, gonad
maturity level, average size of first caught specimens (Lc). The analyzed population
parameters were the growth pattern (CLoo, K), mortality parameters (Z, M, F) and
utilization rate (E). The distribution of carapace length measurements is presented in the
form of a bar chart with a length class of 2 mm. The level of maturity of female F. indicus
gonads was observed visually based on Motoh (1981), namely by looking at the size of the
shrimp ovary, located on its back. Shrimp sex ratios were analyzed using the Chi-square
test (Walpole 1993)

The length at first matured (Lm) is obtained by entering the carapace length and Pm
values into a graphical logistic function (King 1995), using the following equation:

1

Pim =1 ep aCl+ b)

Where:
Pwv - logistic curve of proportion mature by length, Lm was determined by a/b;
a - the intercept of regression;
b - the slope of regression;
CL - the length of shrimp carapace.
The value of carapace length caught for the first time (Lc) is obtained through a
logistic function approach, with the Sparre & Venema (1992) equation:

1
SL_1+eXp(a—b*CL)

Where:

SL - logistic curve and Lc was determined by a/b;
a - the intercept of regression;

b - the slope of regression;

CL - the length of shrimp carapace.

The method used in the study of population parameters is an analytical model based
on the composition of the age structure of the shrimp (Sparre & Venema 1992). The growth
parameters of Von Bertalanffy, namely the asymptotic carapace length (CLoo) and the
growth coefficient (K) were estimated by the ELEFAN I program in the FISAT II program
(Gayanilo et al 2005). An estimation of the theoretical age (t0) was carried out with the
Pauly's (1983) empirical equation, namely:

Log (—ty) = (—0.3922) — 0.2752log CLoo — 1.038logK
The value of the natural mortality (M) is estimated through the Pauly’s equation, by
including the effect of the mean water temperature (T) on the mortality rate, based on
empirical observations (Pauly et al 1984):
Log M= (-0.0066)-0.279 log CLoo+0.6542 log K +0.4634 Log T
The total mortality (Z) value was estimated using the length-converted catch curve

method in the FISAT II program package (Pauly 1983; Gayanilo et al 2005). The capture
mortality and exploitation rate are estimated using the Sparre & Venema (1992) equations:
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Where:

E - the exploitation rate;
F - the Fishing mortality;
M- natural mortality;

Z - the total mortality.

Results and Discussion

Biological aspects. A number of 2,085 F. indicus specimens were collected during the
study were: 1,174 females (56.31%) and 911 males (46.69%). The carapace length of
female F. indicus ranged from 13.2 to 52.8 mm, for a weight ranging from 9.6 to 88.4 g,
with two modes in the ranges of 29-31 and 31.1-33 mm CL. The carapace length of male F.
indicus ranged between 16-49.6 mm, for a weight ranging from 15.4 to 78.6 g, with a mode
in the range of 29-31 mm CL (Figure 2).
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Figure 2. Length frequency of Fenneropenaeus indicus in Seneboy waters.

The sex ratio determination of F. indicus in the waters of Seneboy South Sorong is based on
the chi squared test, which indicates an imbalance between the male and female shrimp
populations: in most cases, female shrimp dominate the catch. Although the average sex
ratio of F. indicus males and females was 1:1.78, it showed a balanced value of 1:1 in
February, March, September and October (Table 1).

Table 1
Sex ratio of Fenneropenaeus indicus in Seneboy waters, January-October 2016

Months Sex ratio of F. indicus Comparison
(2016) Male Female M:F ratio X2 P=95%
January 66 162 1 2.45 40.42 Not balanced
February 100 98 1 1.48 0.02 Balanced
March 94 106 1 1.61 0.72 Balanced
April 78 99 1 1.50 2.49 Not balanced
May 149 97 1 1.47 10.99 Not balanced
June 56 144 1 2.18 38.72 Not balanced
July 100 161 1 2.44 14.26 Not balanced
August 62 138 1 2.09 28.88 Not balanced
September 119 81 1 1.23 7.22 Balanced
October 87 88 1 1.33 0.01 Balanced
Total 911 1174 1 1.78 143.73 Not balanced
AACL Bioflux, 2021, Volume 14, Issue x. 4

http://www.bioflux.com.ro/aacl



The highest proportion of mature female F. indicus (the maturity level of gonads III and the
maturity level of gonads IV) was in January, February, September and October, with the
peak maturing of gonads in October. The proportion of females with mature gonads in
January, February, September and October was 60, 44, 46 and 40% (Figure 3).
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Figure 3. Proportion of Fenneropenaeus indicus females with mature gonads in Seneboy
waters, January-October 2016.

The size of the first time capture (Lc) corresponds to the probability level of L50% of the
trammel net selectivity, meaning that the catch distribution of F. indicus can influence the
availability of resources. The logistic function graph with a class interval of 2 mm CL
indicates that the average value at the first capture of F. indicus is 31.1 mm CL, with an
average value (Lm) of 35 mm CL at the first gonad maturation (Figure 4).

o5

Figure 4. Average length at first Fenneropenaeus indicus capture with a trammel net.

Population parameters. The growth parameters of F. indicus in the Seneboy waters is
processed from long frequency distribution data carapace by tracking any mode shift the
distribution of carapace length frequencies in a curved sequence of times Von Bertalanffy's
growth. Based on the results of the analysis, it was found that infinitive carapace length
(Loo) of female F. indicus was 54.6 mm, the growth rate (K) was 1.1 year ! and the male
was 52.6 mm, the growth rate was 1.0 year! (Figure 5). From the value of these two
parameters a growth equation and a key relationship can be created between carapace
lengths with aged shrimp by using multiple variations in age value (t).
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Figure 5. Growth model of male (A) and female (B) Fenneropenaeus indicus by ELEFAN I in
Seneboy waters.

The asymptotic carapace length (Loo) of female F. indicus was 54.6 mm CL and 52.6 mm CL
for males, while the age of female F. indicus at 0 (t0) was -0.14883 years and -0.136202
for males. So that the equation for the Von Bertalanffy equation for female F. indicus is
Lt=54.6 (1-e-1,100 (t-0.14883)) and for male it is Lt=52.6 (1-e-1.00 (t-0.136202)) (Figure
6). The maximum size range of F. indicus is estimated at the age of 1.8 years or around 20
months. The average size of 31.1 mm CL in caught F. indicus (Lc) was estimated at the age
of 7-8 months. The average mature gonad size in females (Lm) was of 35 mm CL, at the
age of 9-10 months.

Von Bertalanffy curve of F. indicus in Seneboy waters
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Figure 6. Von Bertalanffy curve of Fenneropenaeus indicus in Seneboy waters.
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The total mortality rate (Z) of female and male F. indicus based on the length-converted
catch curve is 3.16 year?!, with a natural mortality rate (M) of 1.64 year? and the mortality
rate due to fishing (F) of 1.53 year. The total mortality rate of male F. indicus was 2.64 year?,
the natural mortality rate was 1.42 year? and the mortality rate due to fishing was 1.22
year!. Based on these mortality parameters, the utilization rate of F. indicus was 0.48 for
females and 0.46 for males (Figure 7).
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Figure 7. Growth curve of male (A) and female (B) Fenneropenaeus indicus in waters of
Seneboy.

Discussion. The size distribution of F. indicus caught in the study area was greater than in
Kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for males
and 34.96 for females. The size of F. indicus specimens caught in Meulaboh waters ranged
between 17.8 and 79.54 mm for females and between 18.3 and 64.36 mm for males. The
size of Penaeus merguensis in Central Java waters ranged between 20 and 62 mm for males
and between 14 and 68 mm for females, and averaged 17 to 47 mm in West Java waters
(Tirtadanu& Panggabean 2018; Yusuf 2017; Suman et al 1988). Differences in shrimp size
at several locations can be caused by different gears, environmental conditions and fishing
pressure (Olin et al 2017; Wilson et al 2010; Matthews 1982; Ogbonna 2001). Given the
larger shrimp size in Seneboy waters, it is supposed that the species is not over-utilized.

The sex ratio of male and female shrimp in the study area was not balanced: the
females dominated the catch. The unbalanced sex ratio is similar to the F. indicus caught in
Meulaboh waters (Yusuf 2017; Saputra 2008; Saputra et al 2013; Wedjadmiko & Yulianti
2003; Wedjatmiko 2009; Suman et al 1991), suggesting that the fishing pressure of shrimp
resources in Seneboy waters has not disturbed the population renewal so that the
sustainability of shrimp stocks is still well maintained.

The peak indicated that a higher frequency of mature gonads in F. indicus occured in
February and October, suggesting the spawning seasons for the shrimp (Martosubroto
1978). For comparson, the spawning peaks occurred in November for several types of
Penaied shrimp from the waters of West Kalimantan (including P. merguiensis), in January
and August for the Metapenaeus monoceros from the Southern Java waters and from
September to October for the M. monoceros from the Gulf of Carpentaria, Australia
(Kembaren & Suman 2013; Suman et al 2005; Crocos et al 2000; Pillai & Thirumilu 2013;
Gerami et al 2013). The spawning season for F. indicus in the study area lasted throughout
the year, with peaks in February and October. Therefore, from the perspective of the

AACL Bioflux, 2021, Volume 14, Issue x. 7
http://www.bioflux.com.ro/aacl



resources sustainability, it is preferable to suspend the F. indicus fishing activities in
Seneboy waters during February and October.

The first catch average size (Lc) of F. indicus in the study area was of 31.1 mm CL
and the mean value at the first gonad maturity was 35 mm CL. The results of research
conducted in the waters of the Cilacap Segara Anakan Lagoon, using floating nets, showed
an Lc value of 20.2 mm, for a total length of about 90 mm (Saputra 2008). Chan (1998)
stated that F. indicus females can reach a total length of 230 mm, although they generally
measure less than 170 mm. These results are different from the research conducted in the
waters of North Central Java, where the carapace length of P. merguensis was of 29.4 mm
(Tirtadanu & Ernawati 2016), the carapace length in the Mayangan waters was 28.9 mm
(Wedjatmiko & Yulianti 2003) and the Lc in the Dolak waters, Arafura Sea was 28.78 mm
(Hargiyatno & Sumiono 2012). The differences of Lc values are not only caused by the mesh
size of the net used, but they are also due to the operations duration and to the location of
the fishing ground. The differences of Lc values are not only caused by the mesh size of the
net used, but they are also due to the operations duration and to the location of the fishing
ground. According to Susetiono & Setyono (1990), the P. merguensis from shallow waters
tends to be smaller than in deeper waters (e.g. Cilacap), with an average size (Lc) of 51
mm CL (Saputra et al 2013). The shrimp size differences at several locations can be caused
by different gears, environmental conditions and fishing pressure (Olin et al 2017; Wilson et
al 2010).

According to FAO (2008), the Lm value is 50% of F. indicus, at a total length of 130-
149 mm. This shows that the value of L50% <Lm50% means that F. indicus recruitment is
threatened by overfishing. According to Teikwa & Mgaya's (2003) research, the F. indicus
carapace length size of the first caught males is of 34 mm and 39 mm carapace in female
shrimps. The results of a study conducted by Melmammblessy (2011) indicated that in the
Arafura waters, the average size of the first catch (Lc) had a carapace length of 60.26 mm.
The average size of the F. indicus caught for the first time (Lc) in the study area was smaller
than the average size at the first maturity of gonads (Lm), indicating that most of the
shrimp caught had not spawned. In the long term, this situation is detrimental to the
population’s sustainability, hampering the shrimp’s recruitment process in the Seneboy
waters. In this regard, it is necessary to adjust the size of the mesh in such a manner that
the smallest carapace length of the caught F. indicus cannot be under 13.2 mm CL.

The growth rate (K) of F. indicus in the research area shows that they have a fast
growth rate: 1.1 per year in females and 1.0 per year in males, with an asymptotic
carapace length (Loo) of 54.6 mm CL for females and 52, 6 mm CL for males. The growth
parameters in different locations were: Lco=35.7 mm and K=1.26 year! in the waters of
the Segara Anakan Lagoon Cilacap, 1.4 year! and Lo 44.3 mm in the Kota Baru waters and
44.7 mm CL for males and 51.25 mm CL for females in the Kaimana waters (Table 2).

The mortality rate (Z) of F. indicus in the Seneboy waters is relatively low, namely
3.16 in males and 2.6 in females. Some Penaeid shrimp in other waters, namely the waters
of the Cilacap Segara Anakan Lagoon, obtained an M value of 2.6 cm year?, an F value of
1.35 cm year? (P. meruiensis in Segara Anakan Lagoon Cilacap is 1.43 year, the natural
mortality rate is 1.85 cm year?! and catching 2.32 cm year?!, Madura waters natural
mortality rate of 2.17-2.22 cm year?! and catching 1.11-1.56 cm year! (Saputra 2008;
Kembaren et al 2012; Setyohadi et al 1999; Hedianto et al 2016).

The highest mortality rates (ind year!) were recorded: 9 for males and 9.47 for
females in the waters of Kota Baru, 10.58 in the Kakinada waters, 7.01 in the Khoozestan
waters and 5.78 in the Vietnamese waters (Tirtadanu et al 2017; Devi 1987; Ansari et al
2014; Dinh et al 2010). The natural mortality is influenced by several factors such as food
availability, disease, environment, competition and the presence of predatory species
(Sparre & Venema 1992; Niamaimandi et al 2007). Penaeid prawn is the prey of several
demersal fish, such as Lutjanus gibbus, Eleutheronema tetradactylum and Arius sp. (Bachok
et al 2004; Titrawani et al 2013). Death due to fishing (F) of both male and female F.

AACL Bioflux, 2021, Volume 14, Issue x. 8
http://www.bioflux.com.ro/aacl



indicus is lower than the natural mortality rate (M), indicating that the F. indicus population
has not been exploited intensively by fishermen in the waters of Seneboy, West Papua.
Garcia (1988) suggests that the average natural mortality rate (M) of penaeid shrimp is
2.4+0.3 year! for adult shrimp. Naamin (1984) found that the F value of P. merguensis in
Arafura waters varies according to the development of the fishing effort, ranging from 0.55
year! (at the start of the exploitation) to 8.99 year.

Table 2
Asymptotic length (Loo), growth rate (K) and exploitation rate (E) of Fenneropenaeus
indicus in some areas

Location Sexes Loo (mm c1) K to Authors
Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2008)
Kota Baru, South Kalimantan = Combined 44.3 1.4 - Suman et al (2010)
Kaimana, West Papua Combined 44.7 1.38 - Tirtadanu & Pangabean 2018)
. Male 40.7 1 0.56 .
Cilacap, Central Java Female 54.2 11 0.36 Suman & Prisantoso (2017)
. Male 45.2 1.55 0.76 -
Tarakan, North Kalimantan Female 576 133 0.76 Chodrijah & Suman (2017)
Sampit, Central Kalimantan Combined 57.8 1.45 0.66 Nurdin & Kembaren (2015)
Tanal Laut, South Kalimantan Combined 55 1.05 0.74 Suman et al (2017)
. Male 44.5 1.05 0.66 .
Cenderawasih Bay, Papua Fernale 48.7 115 055 Kembaren & Ernawati (2015)
. Male 44,7 1.4 049 _.
Kaimana, West Papua Female 51.25 1.37 044 Tirtadanu & Panggabean (2018)
Male 54.6 1.1 0.148
Seneboy, West Papua Female 52.6 10 0136 Present research

In this study, the exploitation rates (E) of female and male F. indicus were 0.48 and 0.46.
This condition explains that the fishing rate is greater than the natural mortality rate. The
optimum exploitation rate stated by Gulland (1983) is 0.5, so that the rate of exploitation of
F. indicus in Seneboy waters is close to the optimum value and is still sustainable. The level
of exploitation of F. indicus in several areas has exceeded the optimum limit, namely in the
waters of the Segara Anakan Cilacap Lagoon, Meulaboh waters, Tarakan Bay, Tanah Laut
and Cenderawasih, where the level of exploitation indicates overfishing (Saputra 2008;
Yusuf et al 2017; Chodrijah & Suman 2017; Suman et al 2017; Kembaren & Ernawati
2015). The exploitation of F. indicus has approached the maximum, suggesting that a
reduction of the fishing pressure is required, with at least 5% of the current total effort.

Conclusions. The average size of F. indicus caught in the waters of Seneboy South Sorong
is 16-49.6 mm CL for the males and 13.2-52.8 mm CL for the females. The sex ratio of F.
indicus is unbalanced: 1:1.8, male against female. The spawning season lasts throughout
the year with peaks in February and October. The catch is dominated by adults so that
management sets the regulations for the minimum legal size. These results concluded that
the arrest of F. indicus can be continued by arranging the arrest effort and stipulating a
minimum legal size of 35 mm CL. This indicates that the level of exploitation of F. indicus in
Seneboy waters is not yet optimal, but leads to overfishing. In order to maintain the
sustainability of the F. indicus resources in the waters of Seneboy, West Papua, it is
advisable (1) to reduce efforts with about 5% from the current level, by adjusting the mesh
in such a manner that the retained catch size of F. indicus will be of at least 13.2 mm CL
and (2) to suspend the F. indicus fishing operations in February and October.
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