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Abstract. Fennevopenseus indhces & ooe of the econcemecally impoctant specees of sheemp ourested In
South Soroeg Seneshow wabars and curmentiy (ts production tends to decresse. Shudying its balogica! aspects
prowades data and inforrmabion reeded for assessing @5 eeploitabion and managang its consesvaton. This
ey aimsed Do examing the MoIgesat aspacts of F, fdicus 36 a maiers ror shrmp fenesies management in
b waters of Sonaboy, i Ealimantan. Tha dhudy was conduded betwean Jardary:Mavamber 206 in
e walers of Senebady, The resalls showed (hat werage size of e caught femase £ indicus was 13,2-
524 mim carapace lemgth [CL), with & mode soe JA-33 mm 0L, and the average see of male was L&
408 mim Ol wath a oede size of 2030 mm CL. Tha sax rafic of male and famale shvimp was 1:1.8, £

mecLs spawning season is suspeched o fast all year and peak i Februsry and Dctober. The average size of
the Arst teme caught (Lo=31. L CL) shrimp was smaiier than the aversge sioe of the firsy bme copked ganads
{Lm=3%mm), = that mast aof the shremp casght were =mal ard had not spawned, [n female B, dndlows, the
grossth rate (B, asymptotic carapace ength (OU) and age at length O (8] were of: 1.1 am year”, 54,8 mm CL
ard -0. 148083 years, respecrivaly, while & male ey wens of) 10 o yegr®, 52,6 mm and -0, 135802 years,
raanoctivaly, Tha Aatural maaEty ate (M), death rate dis to can@le (F), | daath rata {Z) and
explatation fate (E] of female rock kbaters wene 264 om yaar’, 1,53 om year B8 64 om year | and 0,48
O Year®, resgectely, wh= in male £ \adicis ampunted o Z.64 ¢m year’, 142 om year®, 1.22 om year
arel 0.5 om year |, cosrespanding by an cpfimal ulization of tha F indlos reeourcas. The atabus of F
neicns in Seneboy wabers & “not fuly encioied ™.

Emy Words: biology asgect, sSwimp fishenes management, Do rata, SNaWneng Seascn.

Introduction. Feansropenacus madicus is one of the important commaodities in the waters of
Seneboy, Scuth Sorong. F. indicus has economic value and contributes to the improvement
of the fishermen's life in S0uth Sofong. Seneboy Fishermen calch B dicus esing a 4 m
nylon trammel met as fishing gear, operabed by 3 people from wvessels of about & m in
iength, made of wood and fiber, of an average tonnage of 3 GT and a main engine power of
15 HP. The mesh size s of 1.5-7.25 inch, with a polvethwlens head rope of © B mm. The
iergth of the ground rope is 660 m. This effective and envircnmentally friendly fishing gear
i used for cabching F. indicus and other types of demersal fish which are bycatch (BRPL
2016}, The catching time per trip ranges from & to 9 hours (from 0F.00 to 16.00 hours,
which is ene day fishing) and the fishing ground ranges from 1 to 20 miles, with a distance
of about 1-4 hours from the landing baze. The sheimp Ffiching grounds are located arodrd
Wawonket Capa, Dua Island, Daram lsland, Sibabu Cape, Komokara Cape, Sabuga [sland,
Sele Cape, Misoo Islands, Singbu Cape, Banana Island and Segeat Island, The shrimp
AACL Baflu, 001, Velume 34, Tie 3, L1540
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ﬂ.‘.hing sepson 5 12 months with the highest ssason in July-Nowember, with & catch of
around 10-100 kg trip’. The production of shrimp and other crustaceans in South Sorong
waters, in the pericd 200% to 2016, reached 4,051 bons, with an annual average of 506,42
tons of J8.75%, totsl production. The arnual average production of F jadicus was 47575
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
locatian is carried out very intensively, so that fishing ackivities need to be supervised. The
bintogy and population parameters prowvide the cortrgl and management criteria to the
marine authorities. Research on several aspects of hiuln@nﬁ population parameters was
extensively conducted in sewveral waters in Indonesia: Arafura (Maamin 1984), Cilacap
[Suman E992: Suman & Boer 2005; Hargiyatno et al 2013; Saputra & Subiyanto 2007,
Strait Madura (Sefyohad) et al 1999), Kotabary (Suman & Umar 2010), Bone (Kembaren &
Ernawati 2015), Tarakan (Kembaren & Suman 2013) and Meulabah [Yusuf et al 201 7).

The study provides information on the exploitation status of F. indicus, facing the
market demand and an increasing commercial value, Rational manggerment actions nead (o
be taken in order to maintain a sustainable balance of the shrimp resources and the
population parameters estimation is required as supporting dath &nd information, The
results of this study are expected to complement ard update presvious studies, underlying
the management of F. indicws resources in the waters of Seneboy, South Sorong, and
surraundings.

Material and Method

Research location and time, £ indicus sempling was carried out with a trammel net,
abtaired fram flshermen and shrimg collectors |n Senaboy Temibusns, Ssuth Sorong, from
lanuary to October 2016, The enumerators were taking samples using a randam sampling

method, The data collected included carapace length (CL), waight, sex, gonad materity vl
and fishing area (Figure 1}.

- 7 .
T d ‘h.ﬂ:-'-.-""-u._ ﬂ
a _ 1
g "-.}:"‘j'.". S —— g
Mefmahrs -k 5 __." e e
= mﬁﬂl}_ el - ok T
L) b
- e Il_ W, L e
' West Papnis » J
1, .L-j'.m ke

‘“’Ei“ I %Z T

™
_ o =, “‘-:L
A E i
L e I:---_. -:__I
Halwkn i _J -
e % y I r
S e 1 ;‘L e L
e N T -l
Hianils s | \ iy
e | .?' -%;5:,. FHARMLA
) P BT (iMpoKEsang
wrﬁrr-lr\-qn-:.rﬁ .-." : 1

. Flgure 1. Fishing g'n-urli all trarmmel nel: in Seneboy, South Sorong
{hittps:ffwvww, mapsofworld . com/where-is/sorong . hkml},
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Data analysis. Biglogical data analysis ncludad the size distribotion, sex ratio, gonad
maturity level, average size of first caught Efkcimens (Lc). The analyzed population
perametors were the growth pattern (Clee, K), moralicy parameters (£, M, F} ond
utilization rate (E). The dictribution of carapace length measurements i@ presented in the
farm of a bar chart with a length class of 2 mm. The level of maturity of fermale F indicus
gonads was observed visually based an Motoh (1981), namely by looking at the size of the
shrimp owary, located on its back. Shrimp sex ratios were analyzed using the Chi-square
test (Walpale 1993},

The length at first matered {Lm) is obtained by entering the carapace length and P
valuwes into a graphical legistic function (King 1995}, wsing the following equation:

Fim = T emp (all £ 1)
wWhere:
Puw — Ingistic curve of proportion mature by length, Lm was determired by afb;
A - the intercept al regression;
b - the slope of regression;
L - the lerl-gth of shrimp Carapace,
The value of carapace length caught for the first time [Lc) is obtaned through a

lgstc Tunction approach . with Che Sparre & venema (19920 auation :

1
T 1vempla-beCl)

e

Where!

5, - logistic curve and Lo was determined by a/b;
a - the intercept of regression;

B - the clope af Fegrescion;

CL - the length of shrimp carapace.

The method used in the study of population par@Beters is an analytical model based
an the composition of the age structure of the shrimp (Sparre & Venema 1992). The gro@h
parameters of Von Bertalanify, namely the asymptotic carapace length (Cles) and the
growth coelficient (K) were eatimabed by the ELEFAM 1 program in the FISAT II program
[Gawanilo et al 2005}, &n sstimation of the theoretical age (t0} was carried out with the
Fauly's { 1983) empirical equation, namely:

Log (=tg) = (~0.3922) - 02751 log £ Loo ~ 1038 logk

3

The value of the nstural markality (M) is estimated throwgh Ehe Pauly's eguation, by
incuding the effect of @@e mean water temperature (T} on the mortality rabe, based on
empirical observations (Pauly et al 1584):

- Log M= (-0.0066)-0.279 l0g CLee+0.6542 log K +0.4634 Log T
10

The totdfEfrortality (Z) walue wes estimated using the length-converted cateh eurve
method in the FISAT 11 program packags (Pauly 1983; Gayanilo et al 20058). The capture
mocrtality and expleitation rabe sre estimated wsing the Spare B Venema (1992) equations:

AECL Blafho, 2001, Velume 34, leua 3. [i52
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Where:

E - the explaitation rate;
F - the Fishing maortality;
M - natural mocality;

Z - the tokal mortality.

Results and Discussion

Biological aspects. A number of 2,085 F indicos specimens were collected during the
study were: 1,174 females (56.31%) and 911 males (46.609%), The carapace length of
fernale F, indicus ranged from 13.2 to 52.8 mm, for @ weight ranging from 9.6 to 88.4 g,
with two modes in the Anges 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 & mode

in the range of 29-31 mm CL (Figure 2}.
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Figure 2. Length freguency of Fenneropenasus (ndicus in Seneboy wabers.

The sex ratic debermination of F. jndicus in the waters of Senebay South Sorong (s based on
the chi squared test, which indicates an imbatance between the male and female shriih
populetions: 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 Octaber (Table 1),

Tabla 1
Sex ratio of Fenneropenaeus indicus in Seneboy waters, lanuary-October 2116

Miwrlivs Sey J‘éﬁ;ﬁ ﬂF_' F._-‘ﬂﬂ'l'q-l..gs Comparisan
(oie) Male Female M:F ralio X s
January &6 162 1 245 40.42 Mok balanced
February 100 a8 1 1.48 0.02 Balanced

March Gl 106 1 1.61 0.72 Balanced

April 7R 949 1 1.50 2.49 Mok balanced
Pelay 14% a7 1 1.47 10.949 Mak balanoed
June ] 144 1 218 a2z Mot balanced
duly 100 161 1 £ 14.26 Mok balanced

Ainguest 62 138 1 2.09 28 HB Mok balanced

Septamber 11% a1 1 1.23 T.22 Balanced

Octobser a7 a8 1 1.33 001 Balanced

Tokal 911 1174 1 1,78 143.73 Mok b«gla noed
AECL Blafho, 2001, Velume 34, leua 3. 1153
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The highest propartion of mature (fEele F. indicus (the maturity level of gonads 111 and the
maturity lewel of gonads IV) was In January, February, September and October, with the
pook 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 Fenpreropenaeus indicus females with mature gonads in Sensboy
waters, lanuary-0ctober 2016,

The size of the first time capture (Lc) corresponds to the probabilky level of L50% of the
trammel net selectivity, meaning that the catch distrbution of £ indicws can infleence the
aveilability of rescurces, The logistic function graph with a dass interval of 2 mm CL
indicates that the average value at the first capture of F. indices 15 31,1 mm CL, with an
average valws (Lm) of 35 mm CL at the first gonad maturation (Figurs 4],

o K am = an L L1
Carspatis gt smrmil

Figure 4, Average length at first Fennermopanaeus indicuws capture with a trammal net

Population parameters. The growth parameters of £ indicws In the Seneboy waters s
processed from Jalgss ] frequency distribution data carapace by tracking any mode shift the
distnbutf® of carapace lengtn freguencies In @ curved sequence of times Von Seralanfty's
grawth, Based on the results of the anallla, it was found that infinitive carapace length
Lo} of @Bmale F. indices was 54.6 mm, the growth rate (K} was 1.1 year * and tha male
was 52.6 mm, the growth rate was 1.0 yvear' (Figure 5). From the value of these two
parameters a growth eguation and a key relationship can be created betwesn carapace
lergths with aged shrimp By wsing multiple variations in age valug (L},

AECL Baflun, T001, Velume 34, T 3, 1154
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Figure 5 Growth model of male (4] and female (B) Fenmeropenaeus fndicus by ELEFAN Tin
Seneboy waters.

The asyrmptotic carapace length [Lea} of female F. indicus was 54.6 mm CL and 52.6 mm CL
for males, while the age of female F, ndices at 0 (10) was -0, 19883 vears and -0.136202
for males, So thet the equation for the Von Bertalanffy equation for female F. indicus is
Le=54.6 (1-2-1,100 {t-0. 14883}) and for male it is Lt=52.6 {1-e-1.00 [t-0.136202}} {(Figure
&}. The maximum size ANge of F. Indicus is estimated at the age of 1.8 vears or around 20
months. The average size of 31.1 mm CL in caeght F indicos [LC) was estimated at the age
of 7-8 months. The sversge mature gonad size in females (Lm) was of 35 mm CL, at the
age of 9-10 maonths.

Wan Rertslantly curve of F, inalrus b Senehoy waters
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Figure &, Von Bertalanffy curve of Ferneropenaeus indicus in Seneboy waters.
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The total mortality rate (Z2) of feEle and male 7 indicus based on the length-converted
catch curve Is 3.16 year®, with a natural mortality rate (M} of 1.64 year’ and the martality
rate dec to fishing (F) of 1, §8ear’. The total mortality rate of male F. indicus wos 2.64 year?,
the neteral mortaliny rate was 142 year! and the mortality rste dise ko fizhing was 1,37
vear'. Based an these mortality parameters, the utilization rate of F. indicus was 0.48 for

fermales and 0.46 for males (Figure 7).
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Figure 7. Growth curve of male (&) and female (B) Fennermpenaaws Indicus in waters of
Senebaoy.
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Eh:unui:m. The size distribution of F. indices caught in the study area was @Jater than in
kaimana waters, ranging from 25-49 mm, and the average size was 28.98 mm for malkes
and 34.96 for females. The sze of F. indicus spedmens caught in Meulaboh wabters mnged
pebwesn 178 and 79,54 mm for fermales and petwesn 18.3 and 64,36 mm for males, The
size of Penasus merguensis in Central Java waters ranged between 20 and 62 mm far males
and between 14 and 68 rmm for females, and averaged 17 to 47 mm in West lava waters
(Tirtadanud Panggabean 2018; Yusuf 2017; Suman et al 1988), Differences in shrimp size
at several lecations can be Caused by different gears, environmental conditions and H‘SJ‘!ir'l'l:
pressure (Olin et al 2017 ; Wilson et al 2010; Matthews 1982; Oghonna 2001). Given the
larger §Eimp size in Seneboy waters, It is suppesed that the species is not over-utilized,

The sex ratic of male and female shrimp B the shedy area was nol balanced: the
females dominated the catch, The unbalanced sex ratio is similar to the £ indicus caught in
Meulaboh waters (Yusul 2017; Saputra 2008; Saputra et al 2013; Wediadmiko & Yulianti
2003 ; Wedjatmike 2000; Suman et al 19491}, seggesting that the fishing pressure of shrimp
resources in Seneboy waters has not disturbed the population refewal 5o Ehat the
sustainability of shrimp stocks is sbil well maintained.

The paak indicated that a higher frequency of mature gonads in F. indicus ocoerad in
February and October, suggesting the spawning seasons for the shimp (Makosubroto
1978}, For comparson, the spawning peaks ocourred in Movember for seweral types of
Penaied shrimp from the waters of West Katimantan (including P. merguiensis], in January
and Ausgust for the Metapenasus meonocercs from the Southem lava waters and from
September to October for the M. moncgeros Tfrom the Guif of Carpentaria, Australia
[embaren B Suman 2013; Suman et al 2005; Crocos ot al 2000; Pillai & Thiromilo 2013;
Gerami et al 2013). The spawning season for F, indicys in the study area lasked throwghout
the wear, with peaks in February and OQctober, Therefore, from the perspective of the

AECL Baflun, T001, Velume 34, T 3, 1156
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resouroes sustainebility, it 18 preferable o suspend the FoJadicus fshing activites in
Seneboy waters during February and October.

The first cabch average size (Lo} of F indicus in the study area wes of 31.1 mm CL
and the mean value at the first goned maturity wes 35 mm CL The results of research
conducked in the waters of the Cilacap Segara Anakan Lagoon, esing floating nets. showed
an Lo value of 20,2 mm, for & otal length of aboeut 90 mm [(Saputra Z2008). Chan (1998]
stated that F. indicus females can reach a3 total length of 230EEm, although they generally
measure less than 170 mim, These results are different from the research conducted in the
riaters of Morth Contral Java, whers the carapace length of P marguensis was of 29.4 mim
[Titadanu & Ernawsati 201&%, the carapace length in the Mayangan waters was 2B.9 mm
[Wedfatmiko & Yulianti 2003) and the Lc in the Dolak waters, Arafura Bea was 28.78 mm
{Hargivatno & Sumiono 2012 ). The differences of Lc values are not only caused by the mesh
size of the net used, but they are also due bo the operations@uration and ko the lecation of
the fishing grownd. The differences of Lo values are not only caused by the mesh size of the
net used, but they are alse dee to the operations duration and to the location of the fishing
ground. According bo Susetiono & Setyono (1990), the P, mergrensis from shallow waters
tends to be smaller then 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, enviranmental cenditions and fishing pressure (Olin et al 2017; Wilson et
al 2o10).

According te FAD (2008}, the Lm valve is 50% of £ indices, at a total length of 134-
14% mm, This shows that the value of L30% <Lm50% means that F idicus recruitment is
threatened by owverfishing. According to Teikwa & Mpaya's (2003) research, the F. indicus
carapace length size of the first caught males s af 34 mm and 39 mm cargpace in fernale
shnmps. The resulks of a study conducted by Melmammblessy (2011) indicated that in the
frafura waters, the sverage size of the first catch (Lo} bed & carapace length of G0.26 mm.
The aversge dize of the F. indicus caught for the first tme (Le) in the study area was smaller
than the awerage size at the First maturity of gonads (Lm), indicating that most of the
shrimp caught had not spawned. In the lgng bermm, this situation s detdmental o the
population’s sustainability, hampering the shAimg's recruitment process in the Seneboy
waters, In this regard, it i5 necessary (o adjust the size of the mesh in such & manner that
the smallest carapace length of the caught F. jmdicus cannot be under 13.2 mm CL.

The Er‘ﬂ-‘:‘i‘tmtﬂ (K] of F, indicus in tha ressarch area shows that they have a fast
growth rate: 1.1 year® in @hales and 1.0 year” in males, with an asymptotic carapace
kergth (Lea) 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 Begara
Anakan Lagoon Cilacap, 1.4 vear and Loo 44,3 mm in the Koba Baru waters and 44,7 mm CL
for males ard 51.25 mm CL for fermmales in the Kaimana waters (Table 2).

The mortality rate (£} of F indicus in the Seneboy waters is relatively low, namely
3,16 in males and 2.6 in fernales, Some Pengeid shrimp in other waters, namely the waters
of the Cilacap Segara Anakan Lagoon, obtained an M value of 2,6 cm vear”, an F value of
1,35 em vear™ (P merufensis in Segara Anakan Lagoon Cilacap is 1,43 'p'E\Ell‘"'.. Ehe mabural
mortality rate is 1.5 cm year' and catching 2.32 cm wear®, Madura waters natural
mortality €F of 2,17-2.22 cm vear' and catching 1.11-1.56 cm year® (Saputra 2008;
Kembaran ot gl 2013 Satyohadi ek sl 1999; Hedianto et al 2016).

The highest mertality rates {ind year?) were recorded: 9 for males and 9.47 for
females in the waters of Kota Baru, 10.58 irfe Kakinads waters, 7.01 in the Khoozestan
waters and 5.78 in the Vietnamese waters (Ti@danu et al 2017; Devi 1987; Ansari et al
2014 ; Dinh ef al 2010). The natural martality s influsnced by several factors swch &5 food
aveilability, disesse, environment, compebition and the presence of predalory species
[Sparre & Vensma 1992; Miamaimandi et al 2007}, Penasid prawn |5 the prey of saveral
demersal fish, such as letjfanes qibbus, Beutheronama tetradactyium and Anus sp. (Bachok
et al 2004; Ticmwani et al 2013). Death dee to fishing (F) of both male and female F
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ghicus is lower than the natusal mortality rate (M), indicating that the F, indicus populatian
has not oeen exploited intensively by fishermen in the wakbers of Seneboy, West Papua.
Gorcio (1988) swggests that the average natural mortalicy mte (M) of penacid shrimp is
2.4%0.3 year" for adulk shrimp. Maamin {1984 found that the F wvalue of P. margusnsiz in
Arafura waters varies according to the development of the fishing effort, ranging from .55
year [at the start of the exploitation) to 8,99 year’,

Table 2
Agyimpbotic length (Les), growth m@te (K) and exploitation rate (E) o Fenmsiogenasus
indicus in some areas

Locahon Sexes by jomcs K i Apthors
Cilacap, Central Jawa Combined 35.7 1.26 - Saputra (2004}

Koka Barw, South Kalimantan all'l'll:llmal.'.l a4, 3 1.4 . Suman et al (2010]
Kamana, West Fapua Combined 447 1.28 . Tirtedanu & Pangabean 2018}
Cilacap, Central Java Male 40.7 1 0.56 Suman & Prisantosa (3017}

y Fennake 54.2 11 D36
i Mala 452 1.55 0O.76
Tarakam, Morth Kalimantan E . £T & 113 @7 ohodriah & Suman (2017}
Sampit, Central Kalimantan Combined 57.8 145 D66 Murdin & Kembaren (2015)
Tanal Lauwt, Soauth Kalimantan Combined 55 1.05 D074 Suman et al (Z017)
Male &4 5 1.05 .66 .
2]
Canderawasih Bay, Papua F o i 7 115 055 Eembaren & Ernawab {2015)
Mala ad_7 14 D49
Kamana, West Fapua Femate £ 25 137 D44 Titadanu & Panggabaan (2018)
Mala 54.6 1.1 D148
Saneboy, West Fapua F ! 52 ¢ 10 0136 Fresant research

n this study, the exploitation retes (E) of female and male F indicus were 0,48 and 0.44,
This condition explains that the fishing rate is greater than the natural mortality rate. The
aptimuem explaitation rate stated by Gullasd (19837 §s 0.5, 5o that the rate of exploitation of
F. imdicus in Senaboy waters is cloge to the aptimum value and is still sustainable. The level
of exploitation of F. irdices in several areas has excesded the optimum limit, mamaly In the
raters of the Segara Anaken Cilacap Lagoon, Meulaboh waters, Taraken Bay, Tanah Laul
and Cenderawasih, where the level of exploitation indicates owverfishing [(Saputra 2008;
Tusul &t al 2017, Chodrijgh B Suman 2017; Seman et al 2017; Kembaren & Emawabi
2015), The exploitation of £ indicus has approached the maximem, suggesting that a
reduction of the fishing pressure is required, with at least 3% of the current tokal effort,

Conclusiofig. The average size of F indicus caught in the waters of Seneboy South Sorong
i5 16-49.6 &&m CL for the males and 13.2-52.8 mm§E) for the females. The sex ratio of F
mdicus is unbalanced: §LE, male against female, The Spawning sesscn 18515 throughout
the year with peaks in February amd October. The catch is dominated by adults =so that
managemant sakts the regulations for the minimum legal size. These results concleded that
the arest of F.indicus can be continued by arranging the amrest effort and stipulating a
minimum legal size of 35 mm CL. This indicates that the lewel of exploitatof@Bf F. indicus in
Sereboy weters & nob yvet optimal, but leads te overfishing. In order te maintain the
sustainability of the F. indicus resources in the waters of Seneboy, West Papua, it is
advisable (1) to reduce efferts with abouk 5% from the current level, by edjusting the mesh
in such & manner that the retained cateh cize of F indicus will be of at least 132 mm CL
and {2} to suspend the F. indicus fishing operations in February and October.
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