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ARTICLE INFO ABSTRACT
Received: 9 June 2022 Fringescale sardinella is one of the largest fishery resources and has the
Accepted: 2 November 2022 highest economic value in the Savu Sea. The increasing demand for this

fish makes it one of the main fishing targets, which allows overfishing
to occur. Therefore, the purpose of this study was to determine the
population dynamics of sardinella fringescale through growth and
mortality, recruitment and exploitation rate of fringescale sardinella in
Rote Island in the Savu Sea.

A total of 1095 fish sampled from Rote Island were assessed and showed
the total length (TL) range from 90 mm to 157 mm. Further, the data were
analyzed using FISAT |l software with the following results: the length-
weight relationship was W= 0.0004L2%°%, while the negative allometric
growth pattern and growth equation was Lt = 165.26 (1 - exp®5% (t + 00585)),
The age of S. fimbriata consisted of 1-2 cohorts. Recruitment of S. fimbriata
in Rote Island occurred throughout the year with the highest peaks in May
and August. The size of the first caught fish (Lc) was 96.98 mm TL. The
total mortality rate (Z) was 2.41 yr?, natural mortality (M) was 1.45 yr?
and fishing mortality (F) was 0.97 yr. The exploitation rate of S. fimbriata
is estimated at 0.40 yr?; this implies that the stock does not exceed the
optimum exploitation rate (E = 0.5) or that overfishing has not occurred

Keywords: . . .

Length-weight relationship in the Savu Sea. Nevertheless, this study’s results are sufficiently robust to
Population dynamics anticipate that the unprecedented overexploitation of S. fimbriata in Rote
Natural mortality Island has nearly occurred. Therefore, regular monitoring and surveillance
Fishing mortality of surface gillnet fishing gear are urgently needed.
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INTRODUCTION

Indonesia is an archipelagic country with 17,500
islands and 99,093 km of coastline. This rich diversity
of biological resources makes Indonesia one of
the centers of megadiversity in the world (Ali and
Sulistiyono, 2020). However, many obstacles are faced
in managing, protecting and preserving coastal and
marine bioresources. Several factors such as pollution,
destructive fisheries and the development of land areas,
industry and coastal settlements threaten to damage the
marine environment. Many ways and efforts have been
made by the government in maintaining and conserving
this marine and coastal biodiversity. One way that is
considered successful in efforts to preserve and protect
the marine environment is to establish several forms of
marine conservation areas, including fishery reserves,
marine parks, marine reserves and protected coastal areas
(Wiadnya et al., 2011). Experts believe that the proper
management of marine protected areas can prevent a
decline in fish populations and habitat destruction.

The Savu Sea as the center of the Marine National Park,
which has been protected as a marine conservation area,
is @ marine area that has a fairly high diversity of fisheries
and other marine resources. The Savu Sea Marine National
Park (SMINP) was established through Ministerial Decree

No. KP. KEEP. 38/MEN/2009. The area of the SMNP is more
than 3.5 million hectares and is one of the largest marine
national parks owned by Indonesia, even the largest in
Southeast Asia (ASEAN Records, 2018). The SMNP extends
from west to east along 600 km and from north to south
along 250 km, in addition, it is located in the area of the
Indonesian cross-flow trajectory (Arlindo) which is the
confluence of two currents from the Pacific Ocean and the
Indian Ocean. These two currents of the Savu Sea (currents
flow into the Savu Sea from the west and northeast) are
sites of upwellings and other oceanographic processes
which benefit marine fish populations. The SMNP is very
important and strategic for the development in East Nusa
Tenggara Province because it can contribute more than
65% of the potential commercial fish resources from
some districts/cities including Rote Ndao District (BKKPN
Kupang, 2019).

Fringescale sardinella Sardinella fimbriata (Valenciennes
1847) is a small pelagic fish from the family Clupeidae.
It is an important resource for commercial fisheries
and can account for about one-third of marine fisheries
production (Nelson et al., 2016). More than 2 million
tonnes of Sardinella fish are caught annually in the world's
waters, making this group the fourth largest contributor
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Fig 1. The location of sampling site and fishing ground of S. fimbriata samples in SMNP (Lancer, 2013). (Note: A. Rote Island; B. S.
fimbriata samples in the Savu Sea.)
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to marine catch production (Kripa et al., 2019). The body
of this species is rather compact, with a scale number
average of 31+1.4 vertical striae on scales, the hind part
of scales with a few perforations and slightly produced
posteriorly, and a dark spot at the dorsal fin origin (Froese
and Pauly, 2013). The presence of S. fimbriata plays an
important role in the food chain for large pelagic fish,
marine mammals and other marine organisms (Sektiana
et al., 2017). This species is distributed in the waters
of the Indo-West Pacific, including Kuwait, southern
India, Indonesia, the Philippines and Papua New Guinea
(Wijayanto et al., 2021). The distribution of S. fimbriata
based on its life cycle is found in oceanic waters,
especially the epipelagic layer in the adult phase, neritic
at a depth of 0-50 meters in the adult and juvenile stages,
and the brackishwater mangrove area in larval conditions
(FishBase and SealifeBase, 2021). S. fimbriata is the
largest fisheries resource in coastal waters (Ghosh et al.,
2013) and is a type of commercial fish that is frequently
caught so these fish experience a fairly large pressure
impact (Lucefio et al., 2013). This species is also one of
the economically important fish resources found in Savu
waters. The increasing demand comes along with the high
economic value of this fish, making it one of the main
capture targets. Hence, the intensive utilization of this
species might result in overfishing.

The few studies on the population dynamics of S.
fimbriata have not had an optimal impact on the
sustainable management of the resources of this species.
Empiric studies in the fields proved that the fishermen
used surface gillnet fishing gear of a small size, resulting
in immature fish caught. Some previous studies on the
population dynamics of S. fimbriata during the last five
years demonstrated trends in different growth patterns
for each different location. Rilani et al. (2017) studied the
growth parameters and fecundity of S. fimbriata in East
Lombok, West Nusa Tenggara. They showed negative
allometric growth patterns and fecundity ranges of 2801-
60 578 eggs with a diameter range of 8-67 um. In the
study of biology and population dynamics in Bali strait
waters, Bintoro et al. (2019) reported that the value of
exploitation rate (E) was 0.79, meaning that the fisheries
resources status is categorized as overfishing. Meanwhile,
Bintoro et al. (2020) showed that the overfishing situation
occurred in Prigi waters in Trenggalek, East Java. Rehatta
(2021) in his dissertation reported that the utilization
status of S. fimbriata has not experienced further
ecological and economic capture. However, the effort
to catch small pelagic fish has decreased, which is an
indication of the abundance of these fish stocks, and the
productivity of fishing gear has decreased. No studies
on the population dynamics of S. fimbriata have been
conducted in Rote Island in the Savu Sea, whereas the
results of the stock assessment of this species in several
regions demonstrated an overfishing situation. Therefore,
it is necessary to anticipate the management of the
resources of this species using a population dynamic
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approach through length frequency data collected from
fishermen's catches.

MATERIALS AND METHODS

Samples were taken from the smallest to the largest size,
and the total length (mm) was measured using a digital
caliper with an accuracy of 0.1 mm. The length of the
fish was measured from the tip of the head to the tip of
the tail, then the weight (grams) was measured using an
analytical balance with an accuracy of 0.01 grams. The
length distribution was obtained from the total length
measurement data, then the class interval was determined
using data analysis in the Microsoft Excel. After that,
it continued with the determination of the cohort of
long-frequency distribution data using the Batthacharya
method (Sparre and Venema, 1998 in Tangke et al., 2021).
Analysis of the long-weight relationship was done using
the Pauly equation (Bintoro et al., 2019; Bintoro et al.,
2020) with the equation W = alb, where W is the body
weight of the fish, L is the total length, a is the intercept
and b is the slope. This equation is then converted into a
linear equation to obtain the values of a and b, namely
Log W = Log a + b Log L. Estimated parameters a and b are
obtained using regression analysis with Log W as Y and
Log L as x with the equation y=a+bx. The value of b is used
to determine the growth pattern with the hypothesis HO:
b = 3, which means that the growth is isometric (weight
growth is proportional to the length growth pattern), H1:
b 3, which means that the growth pattern is allometric
(weight growth is not proportional to the length growth
pattern). The value of b 3 can be divided into 2, namely
if the value of b > 3 then the growth pattern is positive
allometric (body weight growth is more dominant), and
vice versa if b < 3 then the allometric growth pattern is
negative (length growth is more dominant). Population
dynamic parameters such as growth parameters (K, Leo,
t,) were analyzed using ELEFAN | with the help of FISAT
Il software. The total Mortality Rate (Z) was calculated
using the catch curve converted into length data that
had been entered in the FISAT Il software (Sparre and
Venema, 1998; Gayanilo and Pauly, 2001 in Ghofar et al.,
2021). The natural mortality rate (M) was analyzed using
an empirical relationship (Pauly, 1993 in Ghofar et al.,
2021). Furthermore, fishing mortality (F) was determined
by subtracting M from Z and then the exploitation rate
(E) was determined from Z/F. Recruitment patterns
are usually analyzed using the FISAT Il software. In that
application, there is a recruitment pattern sub-program
which only requires Lee, K and t; data from the previous
analysis (Agustina et al., 2016; Mawarida et al., 2022),
while the analysis of the size of the first catch (LC_) is
determined based on the equation followed by Kamal et
al. (2020), isp = [1 + eT0s0] 2,
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RESULTS

Size distribution

The total sample obtained was 1095 fish taken at random
from August to November 2020. In detail, the number of
samples in August, September, October and November
were 301, 313, 295 and 186 fish, respectively. Most
samples were obtained in September. The measurement
results showed that S. fimbriata fish sample had a length
range of 90 — 157 mm TL, with the dominant length being
125.9-132 mm TL (Figure 2). Based on research results and
information from fishermen, it is known that the target
fish (S. fimbriata) is found in the east monsoon from April
to October and before the west monsoon in November.
However, the peak occurred in August, September and
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October, while the other months are other pelagic fishing
seasons, such as tuna in April, May, June, July and August.
The fishing habits of fishermen depend on the fishing
season and the target fish.

Estimation of age or cohort

The cohort value was determined by collecting data
on the total length of the fish, then grouped into size
classes. After that, the cohort was separated using the
Bhattacharya method contained in the FISAT Il application
(Sparre and Venema, 1989). Based on the results of the
separation, it is known that August, September and
October had only 1 cohort, while November had 2 cohorts
with the first peak at 100.2 mm in length and the second
peak at 124.4 mm in size (Figure 3).

Fig 2. Length-frequency distribution of S. fimbriata in Rote Island in the Savu Sea

A1 August 2020
g Sardinella fimbriata .
=]
c n=301
>
go.s-
g
“
0.0 L L L L L L L L B B D B B A B B BN B R
9,115.21,27,33, 89,95, 51,657 53,159,315, 31,83, 084,100, 0682 18 R4 )20 REH2BS,
Length (mm)
September 2020
8191 Sardinella fimbriata
2 n=313
>
so,s-
g
'S

o
L3

9,115.21,27,33,89 95,51, 87,53 59,5 31,38, 84,100 0602 613 R4KO LS B2BSFE4 8
Length (mm)

Fig 3. The cohort of S. fimbriata in Rote Island in the Savu Sea
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Length-weight relationship

The analysis of the S. fimbriata length-weight relationship
obtained: a (intercept) = 0.0004; b (slope) = 2.2523 and
written as: W = 0.0004L% 25 (Figure 4). The t-test resulted
in the b value not being equal to 3, thus the growth
pattern of S. fimbriata was negative allometric where
length growth was faster than weight growth.

Sardinella fimbriata

+C

y = 0,0004x>2523
R*=0,6439

Weight (g)

0 20 40 60 80 100 120 140 160 180
TL (mm)

Fig 4. Length-weight relationship of S. fimbriata in Rote Island
in the Savu Sea

Growth parameters

The fish growth parameter model used in this study was
based on the von Bertalanffy method. The results of von
Bertalanffy's calculation obtained a maximum length
(Leo) of 165.26 mm TL, a growth coefficient value (K) of
1.500 per year and a length at zero age (t ) of -0.0585 per
year. Based on the value of these growth parameters, the
growth curve for Sardinella fimbriata is formed, namely Lt
=165.26 (1 —e[-1,500(t + 0.0585)]) (Figure 5).

180 +  Sardinella fimbriata
) Lt = 165.26 (1 - exp [1500(t+0085)
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Fig 5. Growth parameters of S. fimbriata in Rote Island in the
Savu Sea

Mortality rate

In this study, the estimation of the total mortality rate (2),
natural mortality (M) and fishing mortality (F) was 2.41 yr
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1 1.45yrtand 0.96 yr?, respectively. Based on the Z value,
the S. fimbriata exploitation level in Rote Island was 0.40 <
E=0.5 (optimum exploitation rate), or overfishing has not
occurred in Rote Island (Figure 6).
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Fig 6. The length-converted catch curve of S. fimbriata

Recruitment pattern

The analysis of the recruitment pattern of S. fimbriata in
this study used recruitment pattern analysis in the FISAT
Il software by entering the Lee and K values. The results
of the analysis showed that the recruitment pattern in
the waters of Rote Island occurred every month, with two
peaks in the recruitment pattern. The first peak occured in
June at 14.17% and the second peak in August at 19.51%.
The recruitment pattern is characterized by the addition
of new individuals to the population of S. fimbriata fish in
the waters every month (Figure 7).

Sardinella fimbriata

p
—A

F

Recruitment (%)

One Year

Fig 7. Recruitment pattern of S. Fimbriata
The length at the first capture (LC)

The estimated probability of length size in the first catch
(Lc) using the FISAT Il software was 96.98 mm TL (Fig. 8).
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Fig 8. The length at LC, % of S. fimbriata

DISCUSSION

Estimates of growth and other population parameters
can be obtained reliably if the length frequency data is
accurate. The shift of peaks from time to time can be well
demonstrated if the obtained data are adequate on raw
length-frequency data, number of monthly samples and
a total sample of at least 1500 collected over 6 months
(Etim and Sankare, 1998). In this study, the length-
frequency data set did not meet all these criteria due
to the bad weather with high tides and currents in the
monsoon season. However, the data demonstrated well-
defined modes through time even though only 1095
samples were collected over 4 consecutive months. The
previous study with fewer criteria was also showing clear
modes (Syakila, 2009; Aswar, 2011; Sari et al., 2017).
The asymptotic length of species could be reached in
their specific habitat. In this study, S. fimbriata reached
asymptotic length (Leo) = 165.26 mm FL, K = 1.50 per year
and t, =-0.0585 years in Rote Island.

The relationship between the length and weight of S.
fimbriata was W = 0.0004*L*%, r = 0.64 with a value of
b (slope) = 2.25 (b < 3) or negative allometric, meaning
that the growth in length is faster than weight growth.
Compared to previous studies, similar results were
obtained from Banda Aceh with negative allometric growth
(b < 3), which was 2.44 (Perdana et al., 2018). Bintoro et
al. (2019) also reported a negative allometric growth (b
= 2.804), whereas research on the southeastern coast of
India, the Bay of Bengal and the East Indian Ocean showed
3.14 (b > 3) (Karuppiah et al., 2020). The differences in
the b values were due to differences in environmental
conditions and the caught fish size. According to Bintoro
et al. (2019), the growth pattern is allometric perhaps due
to changes related to gonadal maturity.

In this study, the estimated average total mortality rate
(2), natural mortality (M) and fishing mortality (F) for S.
fimbriata were 2.17, 1.34 and 0.83 per year, respectively.
These results showed that the mortality of S. fimbriata
fish in Rote Island was caused by natural mortality. The
estimated exploitation rate of S. fimbriata fish is 0.40 lower
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than the optimum exploitation level (E = 0.50), indicating
that exploitation has not occurred. Nevertheless, the
result obtained is sufficiently robust to anticipate that
the unprecedented overexploitation of S. fimbriata in
Rote Island has nearly occurred. Therefore, consistent
monitoring is constantly needed.

CONCLUSION

In this study, S. fimbriata reached asymptotic length
(Lee) = 165.26 mm FL and the growth coefficient (K) =
1.50 per year. The values of fishing mortality (F) and
natural mortality (M) were 1.34 and 0.83 per vyear,
respectively, showing that the mortality of S. fimbriata
fish in Rote Island was due to natural mortality. The whole
recruitment occurred almost throughout the year with
two major peaks of recruitment. The exploitation level (E)
of S. fimbriata in Rote Island is very close to the optimum
level of exploitation.

RAST, SMRTNOST, REGRUTIRANIJE | STOPA
ISKORISTAVANJA RESASTE SRDELE (Sardinella
fimbriata, Valenciennes 1847.) S OTOKA ROTE
U SAVSKOM MORU

SAZETAK

Resasta srdela je jedan od najvaznijih ribolovnih resursa i
ima najveéu gospodarsku vrijednost u Savskom moru. Zbog
sve veée potraznje za ovom ribom ona postaje jednom
od glavnih ribolovnih meta, Sto dovodi do prekomjernog
izlova. Stoga je svrha ovog istrazivanja utvrditi dinamiku
populacije resaste srdele kroz rast i smrtnost, novacenje i
stopu iskoristavanja na otoku Rote, Savsko more.

Ukupno je uzorkovano 1095 jedinki s otoka Rote u
Savskom moru koje su pokazale raspon ukupne duljine
(TL) od 90 mm do 157 mm. Nadalje, podaci su analizirani
pomocu softvera FISAT Il i dali su sljedece rezultate:
duZinsko-maseni bio je W= 0,0004L>2?°%, Dok su negativni
alometrijski obrazac rasta i jednadZzba rasta bili Lt = 165,26
(1 — exp*s00(t+00583)) Starost S. fimbriata sastojala se od 1-2
kohorte. Regrutacija S. fimbriata na otoku Rote u Savskom
moru dogadala se tijekom cijele godine s najviSim
vrhuncima u svibnju i kolovozu. Veli¢ina prve ulovljene
ribe (Lc) bila je 96,98 mm TL. Ukupna stopa mortaliteta
(2) iznosila je 2,41 god™?, prirodna smrtnost (M) 1,45 god™?,
a ribolovna smrtnost (F) 0,97 god™. Stopa iskoristavanja
S. fimbriata procijenjena je na 0,40 god?, sto znadi da
stok ne prelazi optimalnu stopu iskoristavanja (E = 0,5)
ili da u Savskom moru nije doslo do prekomjernog izlova.
Unatoc¢ tome, rezultati ove studije dovoljno su jasni da se
predvidi da je skoro doslo do prekomjernog iskoristavanja
vrste S. fimbriata bez presedana na otoku Rote u Savskom
moru. Stoga je hitno potrebno redovito praéenje i nadzor
povrsinskih ribolovnih alata mreZzama staja¢icama.
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