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Abstract

The high of catching intensity or overfishing of dusky whaler shark, Carcharhinus obscurus (Lesueur, 1818), has
threatened its sustainability. Even though fisheries and biological aspects of C. obscurus are important as a basic assessment
for making regulation of shark fisheries management. However, those studies never been reported in Indonesia. The aim of
this study is to identify the number of catches and biological aspects of C. obscurus. This study was conducted from January
to March 2018 at Fishery Port Technical Implementation Unit (FP-TIU) Muncar, Banyuwangi, Indonesia. 54
C. obscurus individuals were obtained using random sampling survey method. Here, we found that the number
of C. obscurus landed in 2018 was higher compared to 2014 and 2017. The shark length ranged from 172 to 394 cm.
Percentages of male and female adults of C. obscurus were 22.22 and 46.30%, respectively. Whilst in the juveniles were
20.37% males and 11.11% females. The maturity rate based on clasper length, male landed sharks was 82.61% classified
within full calcification and 17.39% non-full calcification level. The sex ratio of C. obscurus sharks that are landed was
1:1.34 (M: F).

Keywords: Carcharhinus obscurus, Carcharhinidae, maturity, sex ratio, Muncar

Muncar Balik¢1 Limani, Banyuwangi, Endonezya'daki Golgeli Kopek Baliginin Carcharhinus obscurus'un (Lesueur,
1818) Biyolojik Ozellikleri ve Balik¢ilik Agisindan Degerlendirilmesi

Ozet

Golgeli kopekbaligi Carcharhinus obscurus'un (Lesueur, 1818) yiiksek yakalama yogunlugu veya asirt avlanmasi,
stirdiiriilebilirligini tehdit etmektedir. C. obscurus'un balik¢ilik ve biyolojik yonlerinin bilinmesi, kopek baligi balik¢iligt
yonetiminin diizenlenmesinde temel teskil etmektedir. Ancak, bu c¢aligmalar simdiye kadar Endonezya'da hi¢ rapor
edilmemistir. Bu ¢alismanin amaci, C. obscurus'un avlanma sayisini ve biyolojik yonlerini belirlemektir. Bu ¢alisma Ocak-
Mart 2018 tarihleri arasinda Endonezya, Banyuwangi, Muncar'da Balik¢ilik Limant Teknik Uygulama Birimi (FP-TIU)
gergeklestirilmistir. Rastgele drnekleme yontemi kullanilarak toplam 54 C. obscurus bireyi elde edilmistir. 2018 yilinda C.
obscurus sayisinin 2014 ve 2017 yillarina gore daha fazla oldugu tespit edilmistir. Yakalanan képekbaliklarinin boyu 172 ile
394 cm arasinda degismektedir. C. obscurus'un erkek ve disi erigkinlerinin yiizdeleri sirasiyla %22,22 ve %46,30 olarak
belirlenmistir. Genglerde ise %20,37 erkek ve %11,11 disi idi. Klape uzunluguna goére olgunluk orani, karaya gikan erkek
kopekbaliklar1 %82,61 tam kalsifikasyon ve %17,39 tam olmayan kalsifikasyon diizeyinde smiflandirilmistir. Karaya ¢ikan
C. obscurus kopekbaliklarinin cinsiyet orant 1:1.34 (E:D) olarak belirlenmistir.

Keywords: Carcharhinus obscurus, Carcharhinidae, olgunluk, cinsiyet orani, Muncar

INTRODUCTION

Carcharhinus obscurus (Lesueur, 1818) is widely distributed in the world, has a wide range with a
certain migration pattern (Musick et al., 2009) ranging from nearshore to a depth of 500 m (Carpenter
and Niem, 1998; White et al., 2006; Rigby et al., 2019) but not evenly distributed throughout warm
tropical and subtropical waters (White et al., 2006). Distribution in Indonesia, C. osbcurus is spread
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from southeastern Sumatra to Sulawesi and Papua (Froese and Pauly, 2017). The morphology
character of C. osbcurus has a body length of up to 600 cm (White et al., 2006) and the maturity level
of the gonads at the age of 17-23 years (Last and Steven, 1994).

The high demand for sharks in national and international markets results in an increase its catching
activity which leads to overfishing and will threat the existence of shark populations as well as disturb
the trophic level of the marine ecosystem. Overfishing of sharks from southern Java (Indian Ocean)
has increased over the past 5 years (Prihatiningsih et al., 2018). Due to the long-life cycle and low
fecundity (Compagno, 1984; Last and Steven, 1994; Camhi et al., 1998), sharks and other
chondrichthyans are vulnerable to overfishing (Galucci et al., 2006).

Nearly 26 species of shark species representing the families from the Squalidae, Rhynchiddae,
Carcharhinidae, Lamnidae, Alopiidae, and Sphyrnidae, families have large size and high market value
(Fahmi and Dharmadi, 2013). Sharks from the Carcharhinidae family are the most traded in Indonesia.
There are 27 species of shark from family Carcharhinidae which have an important economic value in
Indonesia (White et al., 2006), and Carcharhinus obscurus is one of them. Local people have been
catching sharks from generation to generation (Simeon et al., 2016) and selling at fishing ports. C.
obscurus has been landed in several fishing ports in Indonesia, from Fishery Port Technical
Implementation Unit (FP-TIU) Muncar (Harlyan et al., 2016) to West Nusa Tenggara (Nurcahyoet al.,
2016; Sentosa et al., 2016; Dewi et al., 2018; Yulianto et al., 2018) and Central Sulawesi (Zamrudet
al., 2016). The FP-TIU Muncar is one of the sales and landing shark centers in Indonesia.

Due to its population declines (Rigby et al., 2019), C. obscurus is categorized as an endangered
species, but not included in the CITES list related to trade management. The lack of information on
the biological aspects of C. obscurus is the reason why Indonesia does not have regulations to protect
dusk whaler sharks. Rigby et al. (2019) suggested that to support the creation of shark and ray
management policies and sustainable fisheries, sufficient information is needed covering biological,
management, social, and economic aspects. Furthermore, the aims of the study to analyze the number
of catches, length frequency distribution, clasper length, and sex ratio of C. obscurus landed at FP-
TIU Muncar, Banyuwangi.

MATERIALS and METHODS
Study site

The Fishery Port Technical Implementation Unit (FP-TIU) Muncar is located in Kedungrejo
Village, Muncar District, Banyuwangi Regency, East Java Province (Figure 1). Initially, the FP-TIU
Muncar was a Special Work Area for Muncar Fisheries based on the Decree of the Head of the East
Java Regional Fisheries Service Number 15 of 1984. Later, the name is changed to FP-TIU Muncar
based on the East Java Governor Regulation No. 31 of 2014. The management of fish landing and
marketing of FP-TIU Muncar is assisted by four fish auction places (FAP) including Port, Kalimoro,
Sampangan, and the new Port of FAP.
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Figure 1. a) Map of Prohibition of Fishing in Fisheries Management Area of Republic of Indonesia
(FMA-RI) with dash line. b) Map of FP-TIU Muncar, Banyuwangi (black circle).

Fishery production at FP-TIU comes from various fisheries commaodities including sharks, which
are landed at FP-TIU Muncar mostly originating from fishing sites along with the Bali to Makassar
Strait. Most of the sharks landed (78%) are the main catches of Muncar fishermen. 12 species of 4
shark families were landed at FP-TIU Muncar from 2014 to 2015 i.e the family of Alopiidae (Alopias
pelagicus), Lamnidae (Isurus paucus and I. oxyrinchus) and Sphyrnidae (Sphyrna lewini, S. zygaena
and S. mokarran). Commonly landed carcharhinid sharks were Carcharhinus limbatus, C. leucas, C.
obscurus, C. falciformis, C. longimanus, Galeocerdo cuvier, and Prionace glauca (Harlyan et al.,
2016).

Data sampling

The study was conducted in January to March 2018. The research location was at the Fishery Port
Technical Implementation Unit (FP-TIU) Muncar, Banyuwangi, East Java, Indonesia. Experimental
data were collected from fish landing by fisheries man, using a survey method with random sampling
techniques. Data on biological aspects including, total length, clasper length, level of maturity of the
classification, and sex ratio were recorded. The maturity level of male sharks is categorized based on
clasper condition and of the female is based on the presence of embryos (White et al., 2006).
Observation of the clasper condition is divided into non-calcification, non-full calcification, and full
calcification (Dharmadi et al., 2012). The amount of shark catch was adopted from Harlyan et al.
(2016) and Caesar et al. (2019). Supporting information of fisheries including the number of fish
catch, fishing locations, and fishing gear were collected by interviews with fishermen.

Data analysis

The total length was tabulated in a long frequency at 32 cm intervals and the comparison between
male and female sharks was analyzed descriptively. The correlation between clasper length and total
length is used linear regression analysis and the sex ratio was tested using Chi-Square. Furthermore,

comparison of sex ratio using the following formula (Effendie, 2002):

. Nb
SexX Tatio = —.......cceeiiieeeeeen, (1)
Nji
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Where:
Nbi = Female fish number of the size group of i
Nji = Male fish number of the size group of i

RESULTS
Fisheries and sex ratio

From the research was conducted at FP-TIU Muncar from January to March 2018, we found that
the amount of C. obscurus landed with 54 individuals (Figure 2). The catches of C. obscurus males
landed were 23 individuals with a percentage of 43% and female were 31 individuals with a
percentage of 57%. The result of sex ratio analysis shows that the ratio of male and female sharks is
1:1.34. Chi-square analysis showed the results of X? = 1.185: X? table (0.05) = 3.841. Besides, the
number of C. obscurus landed in 2018 was higher compared to 2014 and 2017 (Figure 2).
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Figure 2. The total catch of C. obscurus in 2015 (Harlyan et al., 2016), 2016 (Caesar et al., 2019;
Zulfiaty et al., 2019) and 2018 (this study) at FP-TIU Muncar.

Frequency of Total Length, Weight, and Maturity

The measurements on 54 individuals showed the C. obscurus are spread in a total length interval of
32 cm divided into seven classes where male and female sharks occur at size ranges of 268-299 cm.
Male sharks have a smaller total length than females the size ranges from 172-331cm and 172-394 cm,
respectively (Figure 3). Apart from the total length, the size of the shark landed is also seen through
the weight of the shark. Figure 4 shows the shark's body weight for 3 months. The results obtained
from weighing the shark body weight showed that the C. obscurus shark landed weighed 68-193 Kg
with a total weight of 8.604,43 Kg. C. obscurus landed at FP-T1U Muncar based on total length spread
at juvenile and adult. Adult sharks were 12 individuals (22.22%) and juveniles were 11 individuals
(20.37%), while adult females were 25 individuals (46.30%) and juveniles were 6 individuals 11.11%
(Figure 5).
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Correlation of clasper with a total length

The length of the clasper at the level of full calcification (FC) is 17-46 cm, at the level of non-full
calcification (NFC) has a class length of 19-23 cm and non-calcification (NC) has a length of 0 cm.
Based on the measured class length, 19 male individuals were included in the FC category (82.61%), 4
NFC individuals (17.39%) and there were no individuals in the NC category (Figure 6).

The results of the analysis of the total length relationship with the length of clasper in this study
have the equation y = 0.2047x-25.87 which means that with each 1% increase in the total length, the
length of the class will increase by 0.2047. The regression analysis has a correlation value R? = 0.595
(Figure 7). The longest class size is 46 cm from 310 cm and 324 cm individuals, while the shortest
class length is 17 cm from 197 cm individuals.
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Figure 7. Correlation of clasper with a total length
DISCUSSION

Indonesia is a country in the Asia region where global production is caught by sharks, rays, and
chimaeras (FAO, 2020) and number 4 in the world which exports fins (Nicholas et al., 2017). This is
demonstrated by the number of shark captures that have been increasing from 2015 (Harlyan et al.,
2016) to 2018 with an increase by 21 individuals in Muncar (Figure 2). The increase in fishing is due
to the use of fishing gear, season, and amount of demand. Sharks were caught by Muncar fishermen
using bottom and surface longlines fishing gear. Season, fishing gear, month, fishing ground, engine
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power, and hook number affect the number of shark captures (Smale, 1991; Fahmi and Sumadhiharga,
2007; Manojkumar et al., 2012; Taylor and Bennett, 2013; Sentosa et al., 2016; Pratiwi et al., 2018;
Yulianto et al., 2018; Priyanti et al., 2019). Longline gears used by Muncar fishermen consist of main
ropes, branch ropes, buoys, and hooks. The number of hooks baited mostly with tuna and other bony
fishes is 500 pieces per unit of long lines.

Captured sharks are mostly processed for food products, where fin, meat, liver, skin, and bone
organs are used for consumption. The productivity of shark captures is predicted to increase per the
demand for shark fins or other organs. High demand for shark fin in the market from China has led to
increased shark fishing (Dent and Clarke, 2015), increase hunting, and threatens the preservation of its
stock in the wild (Daley et al., 2002). Therefore, the certification approach and business compliance
analysis are a part of the solution to control the sustainable management of shark fisheries resources
(Zamrud et al., 2019).

Longline fishing gear is used in several regions in Indonesia (Sentosa et al., 2016; Pratiwi et al.,
2018; Yulianto et al., 2018) where that target sharks as the main catch (Sentosa et al., 2016).
Fishermen from the TanjungLuar Fishing Port, East Lombok, West Nusa Tenggara are a group of
fishermen who use longlines to catch sharks (Fahmi and Sumadhiharga, 2007; Sentosa et al., 2016).
The fishermen's catches have similarities with those obtained by Muncar fishermen because the
fishing gear and the location of the same fishing operations are around the waters of Bali and Lombok
(Nurcahyo et al., 2016; Sentosa et al., 2016).

The location of the fishermen's catch is in the area of the Prohibition of Fishing in Fisheries
Management Area of Republic of Indonesia (FMA-RI) 573 and 713 (Sentosa, 2016; Figure 1a). Area
713 is an area from the Makassar to Bali Strait. Both straits are influenced by oceanographic
conditions from the Indonesian Through Flow (ITF) and have high potential fishery resources
(Suniada and Susilo, 2017; Efendi et al., 2019; Puspasari et al., 2019; Syah et al., 2019). Furthermore,
sea surface temperature and chlorophyll-a in the Bali Strait affect the production of sardine fish
(Puspasari et al., 2019), where the fish (Osteichthyes and Chondrichthyes), Mollusca, crustaceans, and
algae are a food source of the shark genera Carcharhinus (Smale, 1991; Saidi et al., 2007).

As it is seen in the total captures of sharks, the percentage of females is higher than males. This
indicates that more female sharks are found due to influences by environmental conditions, body size,
behavior, foraging, and spawning. Hoffmayer et al. (2014) suggested that temperature, depth,
maturity, and cruising influence the presence of female sharks. Furthermore, more female sharks are
caught due to the process of foraging to support the maturity of the gonads. More female sharks is
believed to have a better implication to the preservation of the specific resources and producing
offspring (Bhagawati et al., 2017).

The sex ratio of C. obscurus landed at FP-TIU Muncar is similar to the previous study (Harlyan et
al., 2016). The condition shows that the continuity of reproduction in nature can still occur where
fishing activities are balanced category. A balanced sex ratio is assumed in a state in nature that can
still do reproduction and allow fertilization of the egg by spermatozoa (Effendie, 2002). Furthermore,
a balanced sex ratio indicates the absence of intraspecific competition and stable shark migration.
Taylor and Bennett (2013) suggested that intraspecific competition and individual migration are
thought to affect sex ratio. The sex ratio has similarities where females are compared to males
(Harlyan et al., 2016). Different results were shown from previous studies of C. obscurus where the
sex ratio of females was higher than male (Caesar et al., 2019; Zulfiaty et al., 2019) and an inverse
male was higher than female (Taylor and Bennett, 2013; Nurcahyo et al., 2016). An unbalanced sex
ratio indicates that the survival of C. obscurus reproduction in nature is disturbed where reproduction
is low if the male population is more than females (Candramila and Januardi, 2007).

The results of measurements on 54 individuals showed C. obscurus landed where male sharks have
a smaller total length than females. Our study found the maximum total length that was caught
reached 394 cm. The largest catches of C. obscurus compared to FP-TIU Muncar were 420 cm
(Compagno et al., 1989) and 210 tons at Nanfanao Fish Market in Northeast Taiwan (Joung et al.,
2015). The weight of sharks in Muncar is heavier than in previous studies where it weighed 180 kg
(Castro, 1983) and lighter than in KwaZulu-Natal weighing 450 kg (Dudley et al., 2005). The size of
C. obscurus sharks that were caught the most in this study is large than previous studies at Muncar
with a size range of 160 to 385 cm (Harlyan et al., 2016), 383 cm at KwaZulu-Natal (Dudley et al.,
2005), and 224 cm at South Africa (Smale, 1991). Castro (1993) suggested in North American waters,
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concluded that C. obscurus sharks can reach a maximum size of up to 360 cm. Furthermore, the
fishing gear and the location of the caught are thought to affect the size of the C. obscurus. The fishing
gear used is longline sharks where commonly used to caught large sharks were families of
Carcharhinidae, Lamnidae, Alopiidae, and Sphyrnidae (MFM, 2015) with sizes of 3-4 meters (White
et al., 2006). The longline shark fishing gear is perfect for obtaining C. obscurus, due to their
characteristic that is included in semi-pelagic and large sharks.

Total frequency length data can be used to categorize shark maturity, where most of those caught
are in the adult category. The adult male category of C. obscurus was size range of 257-300 cm with
age 23 yr and newborn sized range of 69-100 cm (Natanson et al., 1995; White et al., 2006). Joung et
al. (2015) suggested the age at maturity level for females 16.6 yr and 15.5 yr for males. Furthermore,
C. obscurus can reach 37 yr of age based on age analysis of the spine and up to be 40 or 50 yr old
(Natanson et al., 1995). Juvenile and adult categories of sharks caught are influenced by seasons,
location, and fishing gear (Fahmi and Sumadhiharga, 2007; Taylor and Bennett, 2013; Hoffmayeret
al., 2014).

Clasper can be used to determine the level of sexual maturity in male sharks. The maturity level
based on the condition is divided into full conditions containing calcium substances and ready to
fertilize an egg or Full Calcification (FC), some contain calcium, but are not ready to fertilize an egg
or Non Full Calcification (NFC) and does not contain calcium, it is not ready to fertilize an egg or
Non-Calcification (NC) (Dharmadi et al., 2012). Calcium is a substance that influences the hardening
of the classification and is needed in the development of sexual maturity (Chodrijah and Faizah,
2016a). Mature male sharks are caught more than immature sharks based on clasper length in FP-TIU
Muncar. Different results from previous studies in Muncar where immature category sharks were
caught (Harlyan et al., 2016).

Adult or mature sexually (FC) caught is assumed to have experienced a reproductive cycle. The
young individuals (NFC) caught will cause growth overfishing, i.e. the number of young fish caught in
a catch rate that has not reached the optimum growth rate and allows the reduction of adult fish
populations (Efendi et al., 2019). Landed male individuals who are still in the NFC category are
assumed not to have the opportunity to reproduce and become a threat to sharks which are the top
predators to maintain their population. Maintaining a balance in the ecosystem is very important
because all the organisms live in symbiosis (Ferretti et al., 2010).

The correlation of total length with clasper length is generally used to determine the size of the
Elasmobranchii subclasses when reaching maturity (Carrier et al., 2004). The analysis shows that the
correlation between the two parameters (x: total length, y: class length) is less than 1, but has a
positive correlation. It is mean that the growth of clasper length will follow the body length. Chodrijah
and Fauziah (2016ab) suggested that the total length with clasper length are positively correlated. The
clasper is increasingly filled with calcium, the correlation between the length of the class and the total
length of body is getting smaller (Dharmadi et al., 2007). Therefore, the condition of class that is filled
with calcium has a length that is not closely related to the total body length.

CONCLUSION

The number of C. obscurus in FP-TIU Muncar has increased in recent years with the adult and
juvenile categories being the target of catch. Our results indicate that there has been overfishing by
Muncar fishermen. Management activities of fisheries in FP-TIU Muncar need to be carried out
considering the conservation status of sharks of C. obscurus categorized as endangered species.
Biological research data of C. obscurus in waters throughout Indonesia is needed, it can be proposed
to become regulation from the government to the community. Furthermore, government regulations on
conservation status and socialization of regulations to the community are solutions to protect C.
obscurus from endangered.
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