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Abstract. This research examines biological aspects of silky shark (Carcharhinus falciformis) and
scalloped hammerhead shark (Sphyrna lewini) caught in Tanjung Luar, Lombok District, Indonesia. The
purpose of this research was to know the relationship and condition factor for both types of shark
caught in Tanjung luar. Sampling was done in March-May 2018, by using Surface longline and bottom
longline. The results showed that C. falciformis has a positive allometric growth pattern and S. lewini
has a negative allometric growth pattern. In addition, the relative weight condition factor showed the
figures above 100 (categorized as good waters) and viewed from the sexual maturity aspect, most of
the hammerhead shark was included in mature category, while for the silky shark, and most of female
shark was included in the immature category.
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Introduction. Indonesia is a country that is rich in shark resources (White et al 2006;
Fahmi 2010). Based on the export data of shark products in Indonesia, in the period of
1992-1995, total exports almost reached 10 thousand tons, with main destination to
Japan, Hong Kong, China, Taiwan, South Korea, Singapore and Malaysia (Fahmi &
Darmadi 2013). Over the past 20 years, Indonesia has been the top shark fishing nation,
reporting average annual elasmobranch landings of 100,000 tons (FAO FishStatJ, 2015 in
Jaiteh et al (2018). Meanwhile, based on data from the export recommendation of shark
products from the Ministry of Marine Affairs and Fisheries (MMAF) of the Republic of
Indonesia in 2018, Japan, Hong Kong, and Singapore remain the main markets for
Indonesian sharks.

The silky shark, Carcharhinus falciformis, is one of the three most abundant shark
species in the world and is widely distributed in tropical and subtropical waters
(Compagno 1984). C. falciformis is a medium-sized shark that are oceanic and pelagic
which is commonly found in offshore waters close to the mainland and in layers near the
surface, although sometimes encountered to a depth of 500 m (White et al 2006). The
scalloped hammerhead, Sphyrna lewini, shark is a coastal and semioceanic hammerhead
shark that is circumglobal in coastal warm temperate and tropical seas, from the surface
and intertidal to at least 275 m depth (Baum et al 2007). For the reason of commercial
benefits, these two sharks have been the most targeted species by fishermen both in the
tropic and sub-tropic waters (Compagno 1984; Bonfil 1999). In West Nusa Tenggara
Province of Indonesia, particularly at Tanjung Luar fish landing port, it is shown from
catch data monitoring that the highest landing was contributed from these two sharks in
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2015-2016 (MMAF 2015). For S. lewini itself, Fahmi & Darmadi (2015) stated that this
species contributed 18% of total catch from longline fisheries in Tanjung Luar.

The biological characteristics of sharks are susceptible to overfishing pressures
(Gallucci et al 2006; Musick et al 2000) due to their long life cycle, slow growth and
tardive maturation and low fecundity (Castro et al 1999; Compagno 1998; Last &
Stevens 1994; Stobutzki et al 2002). The pressure of unsustainable fisheries has resulted
in the population of C. falciformis being increasingly threatened, and its conservation
status is almost threatened (Bonfil 1999). According to Ferretti et al (2008) and Hayes et
al (2009) the population of S. lewini is suspected to have been under pressure due to
intensive fishing and trading (especially the fins). According to IOTC (2014) there has
been a decline in population of S. lewini worldwide, including the waters of the Indian
Ocean.

Length-weight relationship and maturity aspects are important biological
information of certain species of which mathematical models may be used to describe fish
growth and for stock estimation (Morato et al 2001). While the maturity size parameter
describes the cycle of sexual maturity and it is an important element for understanding
the reproductive aspects of fish.

The current research results are still limited to studies on the size distribution and
sex ratio of C. falciformis in the southern waters of West Nusa Tenggara, Chodrijah &
Faizah (2015) and Sentosa (2017) dealt with biological characteristics of sharks and rays
appendix II CITES landed in Tanjung Luar, East Lombok.

Material and Method

Data collection. Primary data was based on shark fishing landed at Tanjung Luar Fish
Landing Port during March-May 2018 (Figure 1). Totally 1,753 C. falciformis and 219 S.
lewini were observed, of which 313 C. falciformis and 140 S. lewini were taken as a
samples. Determination of the number of samples was based on a list of sample
determinations proposed by Krejcie & Morgan (1970). Identification and measurement
activities were carried out to obtain biological data in the form of total length (TL) data,
clasper maturity level data and sex ratio.

|||||||||
Makassar Strait
Celebes Island

Spermonde Archipolago
Guilf of Bone

Buton Istand Banda Sea

Java Sea

INDONESIA
Selayar Island

Java Island Wetar tatond

Bali Island Lowk Island
Flores Island
* Sumbawa Island TIMOR LESTE

Timor Island
Sumba Island

w@n
v

Figure 1. Map of research location.
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Data analysis

Length-weight relationship and condition factor. Length-weight relationship (LWR) was
calculated using the equation W=al® (Sarang et al 2015; Keyombe et al 2015). The
values of constant @ and b were estimated using the least-square method applied to the
log transformed data as log W= log a + b log L (Ricker 1973), where W (g) is the body
weight of the fish, L (cm) is the total length, a is the intercept of the regression curve
and b is the regression coefficient. Fulton’s condition factor (K) was estimated from the
relationship K=100W/L3 to assess the fish condition in Tanjung Luar.

Clasper maturity level. Clasper maturity level was a measure of the achievement of
maturity in males cartilaginous fish. There are 3 levels of maturity, namely Non-Calcified
(NC), Non-Full-Calcified (NFC), and Full-Calcified (FC). NC is characterized by a clasper
that is flat and has a soft texture with a vulnerable length of 1-13 cm. The clasper will
begin to fill but with a flabby texture indicating the NFC phase. The peak of maturityis
when the clasper is fully charged and hardened is in the FC phase (Shadwick et al 2015).
Size capture comparison. To measure the sexual maturity level of males and females was
done by comparing the size of the body length of the shark caught compared to the
maximum size that can be achieved and the size of sexual maturity (Courturier et al
2012). The maximum size and size of sexual maturity is referred to Compagno (1984).

Results and Discussion. During March-May 2018 period, there were 1,753 C.
falciformis and 219 S. lewini landed at Tanjung Luar. Respectively, length varied between
670 and 2,650 mm and 490-3,040 mm, while weight was between 1,200 and 73,000 g
and 500-168,000 g, for C. falciformis and S. lewini.

For the C. falciformis, the estimation value of length-weight coefficient was 3.135.
This means that the C. falciformis caught at Tanjung Luar show positive allometric growth
types, where weight gain is faster than length growth. Based on Figure 2 length-weight
relationship has a regression equation y = 3.333x - 14.6667 with the coefficient of
determination of 0.957. It is shown that 95.7% of weight is able to explain on length
condition (P=0.01). While 4.3% of the fish weight gain may be caused by other factors
such as environmental and age factors.
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Figure 2. Length-weight relationship of Carcharhinus falciformis landed at Tanjung Luar
Fish Landing Port.

Meanwhile, for S. lewini, based on data analysis of length-weight relationship, the
estimation value of the length-weight coefficient is 2.8. This means that the growth
pattern of the hammerhead shark landed at Tanjung Luar shows a negative allometric
growth pattern (Figure 3). Based on Figure 3, length-weight relationship have regression
equation y = 2.8x - 11.8 with determination coefficient of 0.982. It is shown that 98.2%
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of weight is able to explain on length condition (P=0.01). While 1.8% increases in shark
weight is caused by other factors such as environmental factors and age.
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Figure 3. Length-weight relationship of Sphyrna lewini landed at Tanjung Luar Fish
Landing Port.

In this study, it was found that the S. lewini had relatively small b values (less than 3).
Muchlisin (2010) states that the size of the value of b is also influenced by the behavior
of fish, such as fish that swim active (pelagic fish) showed a lower value b when
compared with passive swim fish (mostly demersal fish). Perhaps this is related to the
allocation of energy spent on movement and growth.

The results showed the value of determination (R?), of C. falciformis is 0.957 and
of S. lewini is 0.982. If the determination (R?) value is higher, it indicates a close
relationship between weight gain and increase in fish length, and conversely (Walpole
1995). In this study, C. falciformis have the lowest correlation value compared to S.
lewini that are close to 1. This indicates that the total length of fish body, the total weight
of the fish body will also increase; in accordance with the opinion of Walpole (1995)
which states that if the value of R is near 1, accordingly the closer the relationship
between the two variants.

The growth rates will increase as the amount of food eaten increases. Growth is
closely related to food, because nutrients and energy needed for growth come from food
(Pratiwi et al 2011). It further states that growth will occur when there is excess energy
once the available energy is already used for standard metabolism, digestion and activity.

The value of the condition factor is calculated based on the average of the relative
weights. The results showed that the average value of the relative weights (Wr) for the
silky sharks was 102.82, while for the average S. lewini, the value of Wr was 102.55.
From the analysis it can be seen that the condition of the two shark species caught in
Tanjung Luar Regency of East Lombok is above 100. According to Anderson & Neuman
(1996) if the Wr value is below 100 then the fish population in the waters is in bad
condition, if the value is above 100 then fish population in the waters is still in very good
condition and very suitable to support its growth. This is in accordance with the opinion
of Muchlisin (2010) that if the condition factor is in the range of 100 then the inhabitants
are still in a balanced state.

Aquatic quality parameters are also major indicators in fish growth. If the water
quality is good then the fish can live, grow and develop well. Based on water quality data
in the waters in the elasmobranch fishing area there is no pollution occurrence. This can
be seen from several indicators of water quality such as pH average sea waters ranged
from 7.4 to 8.6, salinity is in the range of 34-37 ppt, while sea surface temperature
ranges from 26.6 to 30.2°C. In addition, the dissolved oxygen content in the waters
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ranges from 2.9-11 mg/L. All these parameters are still below the sea water quality
standard for marine biota (Ministerial Decree No. 51 of 2004).

Clasper maturity level. C. falciformis landed in Tanjung Luar, in terms of the Clasper
maturity level, are dominated by sexually mature species. In Figure 4, it can be seen that
out of 157 male sharks landed, 51% were in the full-calcified (FC) maturity level of
clasper, 38% were in the non-calcified (NC) phase and only 11% of the individuals were
classified in the non-fully calcified (NFC) category.

Carcharhinus falciformis

Sphyrna lewini

mNC mNC
mNFC m NFC
mFC mFC

Figure 4. Clasper maturity level of Carcharhinus falciformis and scalloped hammerhead
sharks Sphyrna lewini.

Size captured and size of sexual maturity. Based on data comparison of captured
size, maximum size and size of sexual maturity, described by Compagno (1984), male
and female shark species caught in Tanjung Luar have different proportion sizes of sexual
maturity (Figure 5).

Carcharhinus falciformis Carcharhinus falciformis

(Male) (Female)
m Mature - mMature
B Immature - Himmature

Sphyrna lewini Sphyrna lewini
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B |mmature Himmature

Figure 5. The sexual maturity level of Carcharhinus falciformis and Sphyrna lewini
according sexes.
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For C. falciformis, out of 157 male shark samples measured during March-May 2018,
around 65% belong to the sexually mature category. While for female sharks about 75%
are in the immature category.

As for S. lewini, out of 140 shark samples measured during March-May 2018,
more than 50% belong to the sexually mature category. For male S. lewini from 20
sharks measured, around 70% belong to the sexually mature category. As for the female
sharks from 140 samples measured, around 54% were included in the sexually mature
category. The level of sexual maturity of S. lewini can be seen in Figure 5.

Conclusions. The growth pattern of C. falciformis is positive allometric (b>3) indicated
that gain in weight was faster compared to length growth, on the contrary, S. lewini
showed, negative allometric growth (b<3), where the increase in length is faster than
that of weight. The average value of the relative weight (Wr) were >100 for both species,
which mean that aquatic environment is in good condition and support its fauna growth.
The maturity level of shark claspers (C. falciformis and S. lewini), showed that >50% are
in the full-calcified (FC) category, meaning that the species has reached the peak of
sexual maturity. Based on data comparison between caught size, maximum size and size
of sexual maturity, of male sharks landed in Tanjung Luar, 65% are included in the
sexually mature category. While for female sharks about 75% are in the immature
category.
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