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Abstract. The blue shark (Prionace glauca) is one of the three dominant species caught in the waters of
the Makassar Strait, Indonesia, using drift longlines. The research aims to determine population
parameters such as length structure, growth, mortality, exploitation rate, and relative yield per
recruitment. Measurement of body length of fish is done once a week; 106 specimens were collected
from August to October 2020 with a length range of 72 - 270 cm total length (TL). Sex was determined
by the presence of a clasper. The length structures were analyzed graphically and to determine the
difference between males and females, a t-test at a 95% confidence level was used. Population growth
was analyzed by von Bertalanffy's exponential growth, L. and K values were estimated with the ELEFAN
method (Pauly & David 1981) and to with Pauly’s method (Pauly 1983). Total mortality (Z) expected
from the catch curve and natural mortality (M) is obtained from the empirical relationship of Pauly’s
(Pauly 1980). The length at first capture (L.) was estimated with the FISAT-II method. Finally, the
estimate of the optimal exploitation rate (Eopt) was done using the relative yield per-recruitment (Y/R)’
model of Beverton and Holt (Sparre et al 1989). The results showed that the value of L.=378.5 cm TL,
K=0.25 year?, and to=-0.32 year. The estimated values for Z=2.63 years?, M=0.36 years?, F=2.27
years™?, and Lc=156.1 cm TL. The catch is dominated by juvenile fish. The estimated rate of exploitation
was above the optimum rate of exploitation, indicating that the blue shark population in the Makassar
Strait waters is being over-exploited.
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Introduction. The blue shark (Prionace glauca) is one of the three dominant shark
species caught in the waters of the Makassar Strait using drift longlines and landed in the
Majene Regency, West Sulawesi Province, Indonesia. Sharks and rays caught by
Indonesian fishermen in Java, Bali, and Nusa Tenggara amount to 140 species (Fahmi &
Dharmadi 2013). The five most dominant shark species found in Indonesia are the silky
shark (Carcharhinus falciformis), the scalloped hammerhead shark (Sphyrna lewini), the
blue shark (Prionace glauca), the big eye thresher shark (Alopias pelagicus), and the
thresher shark (Alopias superciliosus) (Sembiring et al 2015). The fishing grounds for blue
sharks in the Makassar Strait include littoral and offshore waters. The blue shark caught
as the main target.

Research on blue sharks has been widely carried out in the world but in Indonesia,
it is still very limited (Kurniawan et al 2016; Novianto & Nugraha 2014; Novianto et al
2015; Novianto et al 2014; Pralampita et al 2003; Rapi et al 2020; Sentosa et al 2017).
Across the world research presents: a study of the size distribution of blue sharks by
Coelho et al (2017); age and growth of blue sharks from the North Atlantic is reported by
Coelho et al (2017), Henderson et al (2001), Skomal and Natanson (2003), and Stevens
(1975); from the South Pacific Ocean by Joung et al (2018); from the Indian Ocean by
Andrade (2017); Coelho et al (2017); from the New Zealand Exclusive Economic Zone by
Manning and Francis (2005); aspects of shark fisheries by Carvalho et al (2011); aspects
of reproductive biology reported by Castro and Mejuto (1995), Mejuto and Garcia-Cortés
(2005), and Megalofonou et al (2009); and a report on the genetic aspects of blue sharks
was reported by Verissimo et al (2017).
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Information about the size structure and population parameters of the blue shark in
the Makassar Strait has not been reported, even though Majene Regency is the landing
center for sharks caught by fishermen in West Sulawesi, especially from Majene Regency.
The purpose of this study was to obtain preliminary information on the population of blue
sharks captured by fishermen who land their catch in Majene Regency, West Sulawesi
Province. We analyzed length frequency data and the size structure was analyzed using
the descriptive method as outlined in a bar chart, and population parameters were
calculated using FiSat-II (Gayanilo et al 2005) to estimate the value of growth
parameters, mortality parameters, length at first capture, and relative yield per recruit.

Material and Method. The study was conducted in August - October 2020. Body length
data for each sex was collected at three large collector locations in Majene Regency, West
Sulawesi Province, Indonesia. Determination of fishing grounds was done by plotting all
coordinate points of each operating fishing vessel stored in the global position system
(GPS) using ArcGis 10.5 software (Figure 1).
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Figure 1. Location of data collection in Majene Regency, West Sulawesi Province, Indonesia.

Total length (cm TL) data for blue sharks was collected once a week from each fishing
vessel that lands their catch at the collectors' sites. Determination of sex and body length
of sharks caught by fishermen is carried out on the spot. Sex is recognized by the
presence of a clasper in male fish. The 3-month length frequency measurement data was
tabulated with 10 cm class intervals based on sex. Determination of the size structure of
the fish was done using a bar chart. The differences in length measures between the
sexes were analyzed using the t-test with the Statistical Package for the Social Sciences
(SPSS) ver.16 (Hartono 2008). Significance of differences was defined at p<0.05.
Estimated values of population parameters were analyzed using FiSat-II (Gayanilo et al
2005). The value of von Bertalanffy's growth parameter was estimated using ELEFAN-I
(Pauly & David 1981) on the “Response Surface” routine by projecting several possible
combinations of the desired von Bertalanffy growth parameters (L» and K). The main
criterion for selecting a von Bertalanffy growth parameter combination that is considered
“best” is based on the Explained Sum of Peaks (ESP) / Available Sum of Peaks (ASP)
ratio criteria, which ranges from 0.0 to 1.0 (Pauly & David 1981). The ESP/ASP ratio is
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analogous to the ratio of Variance/Total Variance, as used in statistical analysis. The ratio
is also considered analogous to the determinant coefficient (R?) as used in regression
analysis so that it can be used to measure the "Goodness of Fit" of the obtained von
Bertalanffy curve. The estimated value "to" (the age of the fish at zero length) is obtained
using the following Pauly (1983) empirical formula:

Log(-to) = -0.3922 - 0.2752 (LogL) - 1.038 (LogK)

By substituting the estimated values of Lo, K, and to into the von Bertalanffy growth
model (Sparre et al 1989), a population growth model for blue sharks in the Makassar
Strait will be obtained as follows:

Lt = Lo [1 - exp-K(tto)]

where,

Lt = length of shark at age t (cm TL),
o = asymptote length (cm TL),

K = growth coefficient (year?).

The natural mortality rate (M) was estimated using Pauly's (1980) empirical formula:
M = Exp [-0.0152 - 0.279 (LnLx) + 0.6543 (LnK) + 0.4634 (LnT°C)]

where,
T°C = average water temperature (°C).

The total mortality coefficient (Z) was calculated using the catch curve method converted
to length (Sparre et al 1989) calculated by FiSat-II (Gayanilo et al 2005). The catch
mortality rate (F) is obtained by subtracting the value of M against Z (F=Z-M). Lc value
was estimated by FiSat-II (Gayanilo et al 2005). The rate of exploitation (E) is obtained
from E=F/Z. The relative catch per recruit (Y/R)’ is estimated from the Beverton and Holt
equations (Sparre et al 1989), that is:

2 3
(Y/R) = E. UMK | 1— y + V- _U
1+m 1+2m 1+3m

where the value mentioned above is obtained from:

U=1-£, m=£=K/Z,andE=F/Z
Loo M /K

where,

E = rate of exploitation

K = coefficient of growth rate (year?)

Lo = length of fish asymptote (cm TL)

Lc = length of first time caught by a fishing gear (cm TL)
M = natural mortality rate (year?).

Results

Length size structure. The total specimens measured were 106 (48 males and 58
females) blue sharks. The total length intervals and mean total length was 72.0-265.0
cm TL (174.8£62.7 cm TL), 72.0-270.0 cm TL (172.1+£64.1 cm TL), and 72.0-270.0 cm
TL (172.2+64.5 cm TL) for male, female, and combined male and female blue sharks

AACL Bioflux, 2022, Volume 15, Issue 2. 980
http://www.bioflux.com.ro/aacl



respectively (Figure 2). The average length (mean+SD) of male samples of blue sharks
was not significantly different from that of females at p=0.717 (p>0.05).

Growth. The t-test results showed that the length of male blue sharks was not different
from that of females (p>0.05), so the population parameter analysis used a combination
of male and female data. The estimated values for von Bertalanffy's growth equation
parameters for blue sharks obtained were Lo»=378.5 cm TL and K=0.25 year! at
Rn=0.856 with Starting Sample (SS)=1 and Starting Length (SL)=105.0. The estimated
age at zero length (to) is -0.32 years. Based on the values for Lo, K, and to obtained, the
von Bertanlanffy growth equation can be written as follows:

Lt = 378.5 [1 — exp0:25 (t+0:32)]

By using the growth equation obtained, the lifespan of each fish length can be predicted
(Figure 3). Using the longevity relationship from the von Bertlanffy growth equation
(Figure 3), the observed age range of blue sharks caught by Majene fishermen is 0.542
years to 4.677 years for minimum and maximum age, Lc age caught was 1.81 years, and
the average age caught was 2.11 years.
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Figure 2. The length structure of the blue shark Prionace glauca in Makassar Strait waters: a)
male, b) female, c) male and female combined.

AACL Bioflux, 2022, Volume 15, Issue 2. 981
http://www.bioflux.com.ro/aacl



450
Leo=378.5cm TL

400
350
300

250 Lt = 378.5 (1 - exp. 025(t+032))
200
150

100

Length (cm TL)

-2 o 2 4 6 8 10 12 14 16 18 20 22 24 26 28
Relative Age (year)

Figure 3. Growth curve for blue shark (Prionace glauca) in Makassar Strait.

Mortality and exploitation rates. Estimation of the total mortality rate (Z) using a
long-converted catch curve (Figure 4) gives a value of Z=2.63 year!. By inputting the
estimated value of Lo=378.5 cm TL, K=0.25 year!, and the average temperature of the
waters in the Makassar Strait (28°C), Pauly's (1980) empirical relationship gives an
estimated value of natural mortality of M=0.36 year!. Since Z=M+F, then F=Z-M=2.63-
0.36=2.27 year! and the rate of exploitation (E=F/Z) is 2.27/2.63=0.86.
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Figure 4. Length-based catch curve of the blue shark Prionace glauca. Input
Loo=378.5 cm TL, K=0.25 year?, and M=0.36 year.

Relative yield per recruitment. Relative yield per recruitment was determined as a
function of exploitation rate assuming Lc/Leco and M/K were 0.4123 and 1.44,
respectively. The relative yield per recruitment (Y/R)’ plot against E is shown in Figure 5,
where the (Y/Rmax.)’=0.0577 is obtained at Emax=0.80 and as the rate of exploitation
increases over this value the relative yields per recruitment decreased. In this study, the
actual (Y/R)’ value obtained was 0.0573 at E=0.86 which had passed the (Y/R)’ optimal
point of 0.0577 at E=0.80 (Figure 5), which indicates that the fish population blue sharks
in the Makassar Strait is being overfished.
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Figure 5. Relative yield per recruitment of blue sharks (Prionace glauca) in Makassar Strait waters.

Discussion. The range of length and mean length of the blue sharks in this study was
72.0-270.0 cm TL (172.2+£64.5 cm TL), this size range is smaller than that reported by
Coelho et al (2017), Joung et al (2017; 2018), Pralampita et al (2003), and Sentosa et al
(2017). Sentosa et al (2017) reported that male blue sharks caught from the southern
waters of Nusa Tenggara, Indonesia, were dominated by the size class of 250-290 cm TL
and females were relatively dominated by two size classes, namely 210-250 cm TL and
250-290 cm TL with a combined average size of 254.02 cm TL. The low average size and
maximum size of blue sharks caught in the Makassar Strait waters are suspected to be
because fishermen who carry out fishing activities with a trip duration of 10-14 days, and
their fishing ranges are limited to littoral and oceanic waters. This condition suggests that
blue sharks that migrate from the western Pacific Ocean through the Sulawesi Sea to
enter the Makassar Strait from the north are likely to be dominated by juvenile blue
sharks. Nakano and Stevens (2008) state that blue sharks are classified as oceanic and
epipelagic species and are found in all tropical to subtropical waters to continental shelf
waters with the highest abundance found in the South Atlantic. This difference in size can
also be influenced, among others, by differences in environmental conditions, stock
conditions, fishing season, and the type of fishing gear used. Referring to Pratt (1979),
who classified the size of maturity of blue sharks from the western Atlantic Ocean,
namely 218 cm TL for adult males and 173 to 221 cm TL for adult females, the blue
sharks caught in the Makassar Strait landed in Majene Regency are between 72.0-265 cm
TL and 72.0-270 cm TL, respectively for males. and females. Then they can be grouped
into juvenile males, adult males, and juvenile females, pre-adult females, and adult
females, with the following percentages 60.4%, 39.6, and 50.0%, 12.1%, 37.9%. This
percentages shows that the blue sharks caught are dominated by juveniles with a ratio of
3:2 between juveniles and adults.

Growth parameters for blue sharks from various locations in the Pacific Ocean
have been reported by several researchers (Table 1). The Lo parameter estimates for
blue sharks in our study in the Makassar Strait are relatively the same as for blue sharks
obtained from other waters reported by Nakano (1994) from the North Pacific for male
blue sharks, Tanaka et al (1990) western North Pacific, Joung et al (2018) from the
western South Pacific, Henderson (2001) from the Northeast Atlantic, Skomal and
Natanson (2003) for female blue sharks from the central South Pacific, but larger than
that reported by Cailliet et al (1983) from the Pacific North eastern, Blanco-Parra et al
(2008) from the western South Pacific, Skomal and Natanson (2003) from the central
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South Pacific, Lessa et al (2004) and Joung et al (2017) from the eastern South Atlantic.
The estimated K values obtained were similar to those reported by Cailliet et al (1983)
from the eastern North Pacific for female blue sharks, but greater than the K values
reported by other researchers from different locations (see Table 1). The recorded low
maximum sample size of this study (270 cm TL) with an estimated age of 4.68 years is
very small compared to the estimated age of blue sharks caught from other ocean
waters, which is >10 years. Information on age and growth is needed in the
management of an exploited resource (Sparre et al 1989). This study provides
preliminary information on population parameters, namely age and growth of blue sharks
in the Makassar Strait waters based on samples collected from the catch of traditional
fishermen using drift longlines landed in Majene Regency. The low catch size range of
blue sharks recorded in this study compared to that reported by other researchers at
different locations is due to the location of the fishing grounds and the fishing gear
technology used.

Based on the analysis of relative yield per recruitment from Beverton and Holt
model (Sparre et al 1989) the exploitation rate of blue sharks obtained during the study
was E=0.86, greater than Emsy=0.8. This condition indicates that the status of the blue
shark population in the Makassar Strait is labeled as over-exploited. If you want to keep
the blue shark population in equilibrium (Y'/R), then the current exploitation rate must be
reduced by 7.5% to reach Emax. There is no recorded information about the mortality
coefficient values of blue sharks from various waters, so it is hoped that the results of our
research assumptions can become a basis for reference in managing blue sharks in the
Makassar Strait waters so that the blue shark population can provide optimal benefits for
fishermen in Majene Regency, especially while maintaining the sustainability of its natural
population.

Table 1
Estimated values of growth parameters (L, K, t;) and maximum observed age
(tmax) Of blue sharks from other oceans

References Research sites Sex N (Cr)SmTL ) (yel;r 1 (yg;r) (;’;;Xr )
This study Makassar Strait Combined 106 378.5 0.25 -0.32 4.68
Cailliet et al (1983) Eastern North Male 38 295.3 0.18 -1.11 9

Pacific Female 83  241.9 0.25  -0.80 9

Tanaka et al (1990) Western North Male 43 369.0 0.1 -1.38 7
Pacific Female 152  304.0 0.16  1.01 8

Nakano (1994) North Pacific Male 148 378.8 0.13 -0.76 10
Female 123 318.5 0.14 -0.85 10

Manning and South Pacific Male 140 411.1 0.088 -1.26 22
Francis (2005) Female 288 321.1  0.126 -1.05 19
Blanco-Parra et al Eastern North Male 593 299.9 0.10 -2.44 16
(2008) Pacific Female 324 237.5 0.15 -2.15 12
Joung et al (2018) Central South Male 173 376.6 0.128 -1.48 15
Pacific Female 86  330.4  0.164 -1.29 11

Conclusion. This study succeeded in collecting preliminary information on the population
of blue sharks (Prionace glauca) caught by fishermen from the Makassar Strait waters,
namely that the average catch sizes of male and female blue sharks are not different,
and they are dominated by relatively juvenile sharks. The growth parameters of blue
sharks in the Makassar Strait are higher than in several other waters, population
mortality is dominated by fishing mortality, and blue shark populations are over-
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exploited. It is necessary to collect data on the catches of blue sharks in the Makassar
Strait as a whole, at least yearly, to obtain accurate data that can be used as the basis
for sustainable blue shark population management in the Makassar Strait waters.
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