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Abstract. Snakehead fish (Channa striata) is one of the Tempe Lake fish productions, exploited for a
long time using various types of fishing gear so that its population is thought to have decreased. This
research was conducted from February 2018 to February 2019 aimed at analyzing the C. striata
population dynamics in the waters of Lake Tempe. Data on total fish length were collected from catches
of pot trap, bottom gill nets, traditional guiding barrier and cast nets. The number of samples measured
was 1,594 specimens, consisting of 1,079 females and 515 males. Fish growth was shown using the Von
Bertalanffy growth model. Analysis of growth rate and asymptotic length used the Ford-Walford method.
Total mortality uses the length catch converted model, natural mortality rate by Pauly method, fishing
mortality, exploitation rate and Y/R using the Beverton and Holt method. The combined population of
males and females, males and females had asymptotic lengths of 76.9 cm, 79.6 cm and 76.90 cm,
respectively. Growth rates showed 0.29 year!, total mortality rates was 1.36, 1.38 and 1.26 year!
respectively, natural mortality rates were 0.61, 0.62 and 0.62 year! respectively, fishing mortality rates
were 0.75, 0.77 and 0.67 year®, respectively, exploitation rates were 0.52, 0.55 and 0.55 year?,
respectively. The recruitment process in both sexes and males population were optimal while in females
was found to be not optimal.
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Introduction. Indonesia as an archipelagic country, besides having extensive sea waters
also has inland waters which are also quite extensive. According to the Statistical
Information Book of the Ministry of Public Works and Human Housing of Republic
Indonesia, MPWHH-RI (2017) Indonesia had 1,046 lakes with an area of 97,899.53 km?
spread over five large islands and several small islands, and 15 lakes with an area of
860.71 km? located in South Sulawesi Province. Ministry of Maritime Affairs and Fisheries
of Republic Indonesia, MMAF-RI (2018) reported that in 2017, the total volume of
capture fisheries production was 7,071,452 tons and 467,821 tons came from inland
waters. Based on the same data, in 2017 the volume of capture fisheries production in
South Sulawesi Province amounted to 362,068 tons where 29,268 tons came from inland
waters. One of the inland waters as the biggest contributor to capture fisheries
production in South Sulawesi Province was Tempe Lake (Ramadhan et al 2008;
Haerunnisa et al 2015). Bachtiar (2015) reported that Lake Tempe produced various
species of fish such as silver carp (Hypophthalmichthys molitrix), giant gourami
(Osphronemus goramy), kissing gourami (Helostoma temminckii), snakeskin gourami
(Trichopodus pectoralis), three spot gourami (Trichopodus trichopterus), nile tilapia
(Oreochromis niloticus), common carp (Cyprinus carpio), silver barb
(Barbonymus gonionotus), mud barb (Barbonymus sp.), climbing perch (Anabas
testudineus), catfish (Clarias sp.), eels (Anguilla spp.) and snakehead fish (Channa
striata). Furthermore, it was explained that the fish production of Lake Tempe amounted
to 30,000-40,000 tons in 1948-1968 and reached a peak of 50,000 tons in 1957-1959
and then decreased continuously to 10,000 tons year’ at present. Several factors are
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thought to cause a decline in fish production Lake Tempe as the siltation of lakes due to
sedimentation (Balkhis et al 2011), pollution from agricultural activities and community
waste (Qiufen et al 2013; Samidjan & Rachmawati 2016), the fulfillment of the surface of
lake waters by water hyacinth plants, and overfishing (Nasrul 2016). In addition to
environmental factors, fishing activities also influence the decline in Lake Tempe fish
stocks (Samuel et al 2010). Lake Tempe cork fish is in high demand because of its good
taste and the chemical content of albumin as a drug-making material (Suprayitno 2003;
Fitriyani & Deviarni 2013), where such high demand can trigger high levels of utilization
and affect the sustainability of the population. To maintain the sustainability of Lake
Tempe fish resources, especially of C. striata, it is considered important to conduct
research on C. striata population dynamics, where the results of the study are expected
to be important information in determining policies for sustainable management and
utilization fish resources.

Material and Method

Period and location of the research. This research was conducted from February 2018
to February 2019 in the waters of Lake Tempe, South Sulawesi, Indonesia. Sampling was
carried out at three traditional fishing landing sites, namely Tanasitolo Subdistrict, Tempe
and Sabbangparu (Figure 1).
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Figure 1. Research area - Tempe Lake (Wakiah et al 2019).

The materials and equipment that have been used in the present research were labeling
paper for numbering fish samples, digital thermometer to measure waters temperature,
measuring board to measure fish length, digital camera for documentation, cool box for
storing samples, scissors for dissecting fish, fishing boat for collecting fish samples. We
also used personal computers and software such as SPSS, Microsoft Excel and FISAT II
for data analysis. Total Length (LT) of fish collected through direct measurements in the
field four times a month using a Stratified Random Sampling if the catches were high,
and measuring all fish if the catches were low. The C. striata measured comes from
catches of fishermen who use bottom traps, small bottom long lines, bottom gill net and
traditional guiding barrier. The samples measured were 1,594 specimens, consisting of
1,079 females and 515 males. For the determination of sexes we used morphological
methods according to Sitepu (201), Puspaningdiah et al (2014) and Vodunnou et al
(2017).
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Data analysis. Growth of C. striata population in Tempe Lake was analyzed by
exponential equation of Von Bertalanffy (Sparre et al 1989) as follows:
I—t =L w (l_e-K(t-to))
Where:
Lt = Fish length at age t (cm)
Loo = Asymptotic length of fish (cm)
K = Growth rate coefficient (per year)
to = The theoretical age of a fish when the length is zero (years)
t = Age (years)

The values of asymptotic length (Loo) and growth rate coefficient (K) were calculated
using the ELEFAN I program which is packaged in FISAT II. The value of estimation "to"
can be found by Pauly empirical equations (Sparre et al 1989) that is:

Log (-to) = -0.3922 - 0.2752 log Loo - 1.0380 - log K

The total mortality rate (Z) was estimated by the linearized length converted catch
curve using FISAT II software (Sparre et al 1989; Gayanilo et al 2005).

C(L1,L2)
_c _z(r[Lij —|2- t(12))

In
At(L1,L2)

Where:
y =1In C (L1, L2)/At (L1, L2) and x = [t (L1) + t (L2)]/2 and slope (b) = - Z.

The natural mortality (M) was estimated by Pauly's empirical method (Sparre et al

1989) as follow:
Log M = 0.8*exp (-0.152 - 0.279 log Loo + 0.6543 log K + 0.4634 log T

Where:
M = Natural mortality rate (per year)
L co = Asymptote length of fish (cm)
K = Growth rate coefficient (per year)
T = Water temperature (°C), the waters temperature was 30°C

The fishing mortality (F) was estimated by the equation:
Z =F+ M, so that it can be obtainedF =272 -M

Where:

F = Fishing mortality (per year)
Z = Total mortality (per year)
M = Natural mortality.

Exploitation rate (E) was calculated using equation:
E=F/Zz
Where:
E = Exploitation rate
F = Fishing mortality
Z = Total mortality

Yield per Recruitment (Y/R) value was estimated using the equation of Beverton
and Holt (Sparre et al 1989) as follow:

M/K 3u 3u’ :
Y/R = E.U™"(1- + - ) and,
1+m 1+2m 1+ 3m
Lc 1-E
u =1-— m =

Loo M /K
Where:
E = Exploitation rate
AACL Bioflux, 2020, Volume 13, Issue 5. 3017

http://www.bioflux.com.ro/aacl



Lc = The size that was first caught by fishing gear

Lo = Infinity length
M = Natural mortality
K = Growth rate coefficient

Result and Discussion

Size structure. The amount of C. striata samples obtained during the study was 1,594
fish consisting of 1,079 females and 515 males. The combined population of females and
males had a length of 16.0 cm to 57.7 cm, the dominant length was 27.0-33.0 cm and
the average length was 32.14+7.88 cm. The population of males had a length of 19 cm
to 57 cm, the dominant length was 23.0-37.0 cm and the average length was
31.75+8.29 cm. The female fish populations had a length of 16 cm to 57.7 cm, the
dominant length was 27.0-33.0 cm and the average length was 31.75+£8.28 cm (Figure
2).
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Figure 2. Size structure of combined males and females (a), males (b) and females (c) of
Channna striata in Tempe Lake, Wajo district.
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Age groups. The results of the analysis found that C. striata combined male-female,
male and/or female samples consisted of three age groups (Figure 3). The average
length of C. striata of the same age group was different between a combination of male-
female and male and or female. Similarly, the average length of snakehead fish from the
same age group is different between males and females.
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Figure 3. Age groups of combined male-female (a) male (b) and female (c) in Tempe
Lake.

Growth rate. Based on data on the average length of C. striata according to age group
and using FISAT II software, we can find out the Von Bertalanffy growth equation
parameters values as presented in Table 1.
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Table 1
Growth rate parameter of Channa striata in Tempe Lake, Wajo District, South Sulawesi

Value of growth parameter

Sexes

Lo (cm) K year t, (vear)

Both sexes 76.90 0.29 -0.1497
Male 79.60 0.29 -0.1509
Female 76.90 0.29 - 0.1497

Based on the growth parameter values in Table 1, we can write Von Bertalanffy's growth
equation for the combined male and female, male and female population of snakehead
fish in Lake Tempe waters as follows:

The combined male and female snakehead fish, Li= 76.90(1-e%2°(t *0-1997)y ‘mgje [,=
79.60(1-e%2°(t +0-1509)y 3nd females, L. = 76.90 (1-e %29t + 014997y " The growth curve of the
population of male-female, male, and female C. striata is shown in Figure 4.
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Figure 4. Growth rate curve of combined males and females (a), males (b) and females
(c) of Channa striata in Tempe Lake Wajo District.

Mortality rate. Linearized length converted catch curve of the combined male female,
male and female and the values of Z obtained is shown in Figure 5. This value explains
that the total mortality rate of C. striata populations in the waters of Lake Tempe is quite
high. Calculation results using Pauly's method showed that the natural mortality rate for
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combined males - females, males and females were 0.61, 0.62 and 0.62 vyear™
respectively. The natural mortality value of C. striata in Lake Tempe is quite high.

Furthermore, the fishing mortality rate for combined males-females, males and
females were 0.75, 0.77 and 0.67 year! respectively. This shows that the natural
mortality rate of male and female C. striata in Lake Tempe was not to highly different, on
the contrary the fishing mortality rate of the male and female is slightly different, where
the fishing mortality rate of the male of C. striata is higher than of female individuals.
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Figure 5. Length converted catch curve and values of Z of combined males and females,
males and females of Channa striata in Tempe Lake waters Wajo district South Sulawesi.

Exploitation rate. The value of the total mortality rate confronted with the natural
mortality, using the Beverton and Holt equations, resulted in the C. striata exploitation
rate in the waters of Lake Tempe. The values of E per year of both sexes, male and
female were 0.55, 0.55 and 0.52 year™ respectively. This value explains that the rate of
C. striata exploitation in the waters of Tempe Lake was relatively high. The exploitation
rate of male C. striata was higher than of female fish.
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Yield per recruitment. The results of the yield per recruitment analysis (Figure 6) show
that the actual Y/R values and optimal Y/R values are not different for combined male
and female, as well as for male C. striata. While in females, the actual value of Y/R was
lower than the optimal Y/R value. This explains that the combined male-female
recruitment process is running optimally, as well as male C. striata, while the recruitment
process for female population is less than optimal.

_0.0250
L

=

g '\

§ 0.0200

v

=

® Y/R actual = Y/R opt.

) 0.0150 0.0236 grams recruit!

5

g 0.0100

-, E opt = E actual

® 0.55 year

& 0.0050

&

% 0.0000

> 000 010 020 030 040 050 060 070 080 090 1.00

Exploitation Rate (E)

0.030000 Y/R opt = Y/R actual

‘)‘.02330 grams recruit?!

0.020000

0.010000

E actual = E opt

/ 0.550 year!

Yield Per Recruitment (grams recruit!)

0.000000
0.000 0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900 1.000
Exploitation Rate (E)

0.025000 Y/R opt
0.023653 grams recruit!

0.020000

0.015000

Y/R actual
0.023561 grams recruit™
0.010000
E actual E opt
0.005000 0.520 year! 0.56 year!

Yield Per Recruitment (grams recruit!)

N .

000 010 020 030 040 050 060 070 080 090 100 1.10
Exploitation Rate (E)
Figure 6. Yield per recruitment of combined male-female, male and female of Channa
striata in Tempe Lake, Wajo District, South Sulawesi.

0.000000

AACL Bioflux, 2020, Volume 13, Issue 5. 3022
http://www.bioflux.com.ro/aacl



The structure of C. striata size based on several research results in Indonesia and in
other countries are presented in Table 2. From the data it can be seen the difference in
C. striata size structure between one area and another.

The difference in the size structure of C. striata according to the waters and
researchers is thought to be caused by the following factors: 1) because of the
differences in fishing gear used for harvesting fish samples (Suraya & Haryuni 2013), 2)
there are differences in the environmental conditions of the fish habitat (Morioka et al
2016; Selviana 2017), and 3) there was a difference in the level of exploitation in each
population (Morioka et al 2016; Mallawa 2020).

Table 2
Size structure of Channa striata in several areas in Indonesia
Length Dominant
Area Sexes range length References
(LT, cm) (LT, cm)
Wetland Musi River, g ceves  14.0-18.9 - Makmur 2003
Sumatera
Rungan River, _ _ Suraya & Haryuni
Central Kalimantan Both sexes 14.0-41.0 21.0-25.0 2013
Pening Swamp, Both sexes 24.0-60.0  33.0-37.0 Fuspaningdiah et al
Semarang, Java 2014
Syvampy of Musi Both sexes 20.0-50.0 - Nardawati et al 2014
River, Sumatera
Banjiran SWamp, - goiy cexes  19.0-46.5 - Aida 2016
Sumatera
Banjiran Swamp, Male 16.0-36.9 20.2-30.6
Sebangau River, Female 16.0-36.9 22.3-30.6 Selviana 2017
Central Kalimantan
Aopao Swamp Male 18.4-54.0 24.3-36.8 .
Southeast Sulawesi Female 18.4-54.0  24.3-36.8  Ciaetal 2018
Panggang Lake
Swamp South Both sexes 5.0-45.0 12.5-22.5 Sofarini et al 2018
Kalimantan
Tempe Lake, Wajo Box sexes 16.0-57.7 27.0-33.0
District, South Male 19.0-57.0 23.0-37.0 Present study
Sulawesi Female 16.0-57.7 27.0-33.0

Tempe Lake C. striata K value of 0.29 year™ is considered low. A low K value means that
C. striata needs a relatively long time to reach its maximum length (Sparre et al 1989;
Mallawa & Amir 2019). Low K values in C. striata also have been reported by several
researchers (Fahmi et al 2013; Suraya & Haryuni 2013; Nardawati et al 2014; Khan et al
2015; Morioka et al 2016), but conversely high K values were reported by other
researchers (Selviana 2017; Cia et al 2018) as presented in Table 3. The difference in K
values in the same species can be due to the size structure of fish in the population.
Populations dominated by large fish tend to give small K values (Sparre et al 1989;
Mallawa & Amir 2019). The availability of sufficient food and the position of C. striata as
predators makes the fish can grow larger in the waters of Tempe Lake.

Tempe Lake is one of the inland waters, which is very rich in nutrient abundance from the
surrounding rivers in the rainy season (Ramadhan et al 2008; Setiawan & Wibowo 2013),
causing the growth of plankton as a basic level of food and food for herbivore fish, which
subsequently feed predatory fish such as C. striata.

3023
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Table 3
Comparison of Loo, K values of Channa striata based on several research results

Von Beralanffy parameter

Research area Sexes Loo K to References
(cm)  (year?) (year)
Lubuk Lapan swamp  Both 72.98  0.36 ; Fahmi et al 2013
South Sumatra sexes
Rungan Rwer Central Both 45.00 0.30 ) Suraya & Haryuni
Kalimantan sexes 2013
Mus river swamp sl?ac))(t:s 57.58 0.17 - Nardawati et al 2014
Semanaau River Male 37.09 0.79 -0.19 Selviana 2017
9 Female  37.69  0.73  -0.21
Aopa Swamp, Male 59.14 0.61 -0.84 .
Southeast Sulawesi Female 52.50 0.42 -0.55 Cia el al 2018
Panggang Lake South  Both 63.40  0.15 ; Sofarini et al 2018
Kalimantan sexes
Gonti River, India Both 940 011 -0.93 Khan et al 2015
Male 34.50 0.37 0.01
Nasaythong Female 31.00 0.44 0.01 .
District, Central Laos Both Morioka et al 2016

34.50 0.41 0.01
sexes

The moderate value of F explains that C. striata mortality in Lake Tempe was caused by
fishing activities that are driven by high demand. This is in line with the previous
explanation that C. striata is the target fish of fishermen because in addition to its good
taste, the albumin content is also used as a medicinal ingredient. Moderate F values were
also reported by several others researchers (Table 4).

Table 4
The Value of Z, M and F of snakehead fish in several waters in Indonesia
Total Natural Fishing  Exploitation
Area Population mortality  mortality — mortality rate References
(Year?) (Year?) (Year?) (Year?)
Rempan River Both Suraya &
Central sexes 1.7 0.72 0.98 0.57 Haryuni
Kalimantan 2013
Musi River .
Swamps South 2Ot 0.76 0.23 0.53 0.70 ~ Nardawatiet
sexes al 2014
Sumatra
Lubuk Lampau .
Swamp South  Both 1.72 0.75 0.91 0.58 Fahmi et al
sexes 2013
Sumatra
Panggang Lake .
South Both 1.12 0.43 0.69 0.62  >ofarini etal
. sexes 2018
Kalimantan
Aopa
Watumohai .
Swamp Si?(t:s 0.94 0.01 0.94 0.70 C'goeltsa'
Southeast
Sulawesi
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Conclusions. The C. striata in the waters of Lake Tempe can grow to reach a bigger size
than the same type of fish in other waters but it takes longer to reach the asymptotic
length. As a target fish, the main cause of C. striata mortality in Lake Tempe is fishing. A
fishing mortality rate that is not to high causes a rate of exploitation that is also not to
high or moderate. The exploitation rate that is not to high results fish recruitment
process being near optimal, which is marked by the value of the actual Y/R value which is
almost comparable to the optimal Y/R.
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