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Abstract. The rivers on the Sukabumi Coast flow into the Indian Ocean.
Three major rivers, namely the Cimandiri River, Cikaso River, and Cibuni
River, are sources of glass eel fishing. This study aims to determine the
recruitment and estimate of glass eel abundance for future glass eel
management. The study was conducted from November 2020-April 2021.
Estimation of glass eel abundance was carried out using a fyke net. The
glass eel calculation is determined based on the number of glass eels
caught, the water discharge entering the fyke net, the water discharge in the
estuary, and other variables. The results showed that glass eel recruitment
began at the beginning of the rainy season in November 2020 and lasted at
the end of the study in April 2021. Anguilla bicolor bicolor is a dominant
species of glass eel found in the three river estuaries. The estimated
abundance of glass eel was approximately 2,583,438-13,556,650 ind./year
or 326,24-1,812 kg/year. The abundance of glass eels at the estuary of
Cimandiri River was higher than that of the estuary of Cibuni River and
the estuary of Cikaso River.

1 Introduction

Sukabumi coastal waters are located in the southern part of the island of West Java, directly
adjacent to the Indian Ocean. The river estuary on the Sukabumi coast has been known as a
glass eel fishing area [1, 2, 3] as the river of Cimandiri is one of the potential areas for
fishing glass eels [3, 4, 5]. Catching glass eel has become one of the livelihoods of the local
community. The financial esteem of glass eel makes this product the essential target for
fishing.

The glass eel is a juvenile freshwater eel genus Anguilla. Glass eel has a transparent
body color like glass. The body shape is elongated with a total body length of 50-70 mm.
Glass eel is the final stage of eel larvae. The eel larvae live in the sea. The shape is like
broad leaves, translucent, known as leptocephalus [6, 7]. Eel larvae live in ocean waters,
and ocean currents influence their movements. Leptocephalus lives as plankton carried by
sea streams drawing closer coastal zones [8]. Leptocephalus undergoes metamorphosis into
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a glass eel. It will migrate to inland water through rivers to arise into yellow eels and silver
eels.

According to a Fisheries Service of Sukabumi Regency report, the production of glass
eel catches in 2014 reached 1,952 tons [9]. The maximum sustainable catch of glass eel at
the mouth of the Cimandiri River is 991.20 kg/year., while the average actual catch in
2014-2018 is 725.55 kg/year [3]. Institutional recording of data on eel and glass eel catches
is limited. Existing data is not available continuously. It is one of the obstacles in eel
resource management that needs to be overcome [9]. Sources of glass eel on the Sukabumi
coast are found in several rivers that flow into the Indian Ocean. The results of several
studies indicate that all rivers in Sukabumi Regency that flow into the Indian Ocean are
migration areas of the glass eel [2, 10]. The abundance of glass eels in each of these rivers
fluctuates depending on the rainy and dry seasons [2].

Information on glass eel recruitment and abundance is essential to know. This
information helps determine eel cultivation activities. Currently, the cultivation of eels still
depends on glass eels caught in nature. The current availability of eel seeds cannot be
produced from glass eel production activities from the artificial spawning process [11]. This
study aimed to determine the recruitment and estimation of glass eel abundance in the three
largest rivers on the Sukabumi coast.

2 Methods

2.1 Location, research time, and sampling procedures.

Research activities were carried out in river estuaries on the southern coast of West Java,
namely the Cimandiri, Cikaso, and Cibuni River Estuaries (Figure 1). The study was
carried out in November 2020-April 2021. The glass eels were captured using a fyke net in
the new moon phase (Figure 2). The fishing was done between 19:00 and 00:00 pm. The
captured glass eels were collected to be counted and weighed to obtain data on their
abundance. As much as 10% of the catch was preserved with 95% alcohol preservative for
identification purposes. Identification is made based on the morphometric character [12].
The morphometric measurement of the glass eel was based on the measurement criteria [10,
13], as shown in Figure 3.

2.2 Data analysis

2.2.1 Glass eel abundance

The abundance of glass eels was determined by the number of glass eels caught using fyke
nets. The formula for estimating the abundance and biomass of glass eel is primarily based
totally on the following calculations:

- Determination of the fishing area

L=p*l*t (1)

L is the volume of the fishing area (m?3); p is the length of the fyke net (m); / is the width of
the fyke net (m), and ¢ is the height of the fyke net (m).
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Fig. 3. Eel morphometric measurements. 7L: total length; HL: head length; PDHL: pre-
dorsal head length; PAL: pre-anal length; PDL: pre-dorsal length; and A4D: ano-
dorsal length.
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- Estimation abundance of glass eels
A=N/L 2

A is the number of glass eels (ind./m?); N is caught of glass eel, and L is the volume of the
fishing area (m?).

- Biomass of glass eels
B=A4* W /1000 (©))

B is the biomass of glass eel (kg). 4 is the number of glass eels (ind./m®), and W is the
average weight of glass eel (g/Ind.).

- Estimation abundance of glass eels

Ge, = N x(yrzrbrerdre) @)
(P 1*17X,%a)
Goy = ——— N H(NFZthEerdre)* R 5)

Ge, is the estimated number of glass eels (glass eel/year); Ge;, estimates biomass of glass
eel (kg/year). Ri; X;; Yi; Zi and a; b, ¢, d; e is the variable used in the calculation (Table 1).

Table 1. Variables used in the calculation of the estimated abundance of glass eel.

Variables Value
Estuary of Cimandiri River
X; : Water discharge in fish gear (m%/S) 0.041-0.252
Y1 : Water flow (m/S) 0.361
Zi : Depth (m) 1.5
River width (m) 104
Estuary of Cikaso River
X> : Water discharge in fish gear (m%/S) 0.04-0.147
Y2 : Water flow (m/S) 0.426
Z>: Depth (m) 2
River width (m) 218
Estuary of Cibuni River
X3 : Water discharge in fish gear (m?/S) 0.05-0.376
Y3 : Water flow (m/S) 0.214
Zs: Depth (m) 1.5
River width (m) 135
Fishing variable
(a) Fishing time (hours) 4
(b) River width through which the glass eel passes (m) 30
(c) Migration time in 1 day (hours) 12
(d) Migration time in 1 month (days) 5
(e) Number of months in 1 year of migration (months) 6
The average weight of glass eel
Ri: Average weight of glass eel in the Cimandiri (g) 0.136
R:2: Average weight of glass eel in Cikaso (g) 0.126
Rj3: Average weight of glass eel in Cibuni (g) 0.136
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3 Results and Discussion

3.1 Recruitment of glass eel

The recruitment of glass eels in 2020 is changing times. Based on observations and
interviews with fishers, the catch of glass eel in the Cimandiri River in 2020 was found at
the beginning of the year, namely January-February 2020, but in small numbers. In March-
October 2020, fishers no longer carry out fishing activities. It is because glass eels are
present in small quantities and are not economical when caught. The low abundance of
glass eels at the beginning of the year until October 2010 is thought to be due to the
changes at the start of the rainy season. The intensity of the rain starts to be high in
November 2020. The amount of glass eel abundance during recruitment fluctuates and
varies from year to year. Factors that distinguish the abundance of glass eels include the
time of the rainy season, ocean currents, water discharge of the river, and local
environmental factors such as turbidity in the estuary, local rainfall, and water temperature
[14].

Recruitment of glass eels entering the Sukabumi coastal estuary will begin in November
2020. Research on glass eel recruitment has been carried out at the mouth of the Cimandiri
River [15]. It was explained that eel recruitment correlated with spawning time and eel
spawning time in the rainy season. The recruitment of glass eels on the Cimandiri River in
2018 occurred throughout the year with two peak recruitment periods. The first peak
occurred in April 2018, and the second peak in August 2018 [15]. In this study, a similar
pattern was seen where many glass eels were caught in March-April 2021.

The identification of glass eel species based on morphometric (AD/TL)% [12]. The
glass eel found in November 2020-April 2021 in three river estuaries consisted of three
species. It was Anguilla bicolor bicolor, Anguilla nebulosa nebulosa, and Anguilla
marmorata. The characters (AD/TL)% of glass eel found for 4. bicolor bicolor ranged from
0-4.0%, A. nebulosa nebulosa 7.02-13.73%, and Anguilla marmorata 14.0-18.75%. Glass
eel A. bicolor bicolor was found as much as 85.75%, then 4. nebulosa nebulosa 12.93%,
and A. marmorata 1.32%. (Figure 4). The results of previous studies stated similar results
where three types of glass eel were found in the Cimandiri River, namely 4. bicolor bicolor
(90.53%), A. marmorata (4.46%), and A. nebulosa nebulosa (5.02%) with A. bicolor
bicolor as the dominant species [15]. Another study also obtained the same results; the
results of his research obtained glass eels of A. bicolor bicolor 71.69%, A. marmorata
21.69%, and A. nebulosa nebulosa 6.60% [10]. Unfortunately, no studies have reported the
species composition of the glass eel from the Cikaso and Cibuni Rivers estuary.

The glass eel recruitment in 2020 underwent a significant change. Glass eel began to
enter estuary waters in the Sukabumi coastal area in November 2020. Glass eel data
collection conducted from November 2020 to April 2021 showed variations in the total
length of the glass eel between 42-69 mm and a weight of 0.04-0.27 g/individuals
(N=2274). The total length of the glass eel entering the Cimandiri River estuary was 46-60
mm (N=240), at the Cikaso River estuary was 42-67 mm (N= 1164), and at the Cibuni
River estuary was 44-69 mm (N=1435). There is no significant difference in the glass eel
size of the three river estuaries (Figure 5). While the weight of the glass eel at the
Cimandiri River estuary was 0.05-0.22 g/Ind., the Cikaso River estuary was 0.05-0.26
g/Ind. Cibuni River estuary was 0.04-0.27 g/Ind. The total length of the glass eel caught in
the 2017-2018 period at the mouth of the Cimandiri River was 40-65 mm, with a body
weight ranging from 0.030-0.23 g [15]. Meanwhile, the results of another study [16] at the
mouth of the Cimandiri River found that the dominant total length of glass eel was 51.57-
53.27 mm. Glass eel (4. bicolor bicolor) from the Cibaliung River in Banten has a total
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length of 53.01+1.75 mm [17]. The size of the glass eel from the Cikaso and Cibuni rivers
has not been obtained by information from previous studies.
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Fig. 4. Species composition of glass eel at the three rivers in Sukabumi, November 2020-

April 2021.
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Fig. 5. The size of the glass eel at the three rivers in Sukabumi, November 2020-April
2021.

3.2 Estimation of glass eel abundance

The estimation of glass eel abundance in three river estuaries in Sukabumi got different
abundance results. In the Cimandiri River estuary, the average abundance of glass eels
reaches 2,259,442 Ind./month or 302 kg/month. Where abundance in one year estimated
13,556,650 ind./year or 1,812 kg/year. The estimated average abundance of glass eels in the
Cikaso River estuary was 430,573 Ind./month or 54 kg/month. The abundance in one year
was estimated at 2,583,438 Ind./year or 326.24 kg/year. The estimated average abundance
of glass eels in the Cibuni River estuary was 962,842 ind./month or 131 kg/month. The
abundance in one year is estimated at 5,777,053 ind./year or 785.57 kg/year (Table 1).
Rivers in the southern part of West Java are eel distribution areas in the southern part of
Java Island. According to research [2], rivers in the South of West Java are migration areas
of eels, the abundance of glass eels entering these rivers' estuary has fluctuated.
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Table 1. Estimation abundance of glass eel with fyke net in December 2020-April 2021.

Time (month) Cimandiri Cikaso Cibuni
River River River

December 2020

Estimation of Amount (Ind.) 541,070 280,265 147,421

abundance Weight (kg) 73.83 35.39 20.05

February 2021

Estimation of Amount (Ind.) 2,102,605 259,444 274,243

abundance Weight (kg) 287 32.76 37.29

March 2021

Estimation of Amount (Ind.) 4,953,098 740,902 2,849,956

abundance Weight (kg) 664.18 93.56 387.54

April 2021

Estimation of Amount (Ind.) 1,440,994 441,681 579,749

abundance Weight (kg) 183.09 55.78 78.83

Average Amount (Ind.) 2,259,442 430,573 962,842

Estimation of Weight (kg) 302 54 131

abundance

Abundance Amount (Ind.) 13,556,650 2,583,438 5,777,053

Estimation in Weight (kg) 1,812 326.24 785.57

a year

The difference in the abundance of glass eels migrating to the three estuary areas is
related to several factors, such as the cross-sectional area of the river mouth, river
discharge, water currents, and tides that occur in these locations. The broader the cross-
section of the estuary, the more flexible the migration of glass eels to freshwater through
the estuary. The mouths of the Cikaso and Cibuni rivers are located directly adjacent to the
Indian Ocean. The dynamics of changing the shape of the river mouth due to river water
discharge, waves, and currents sometimes cause changes in river mouth openings. At
specific periods, the estuary is closed by sandbars that form in front of the estuary. This
phenomenon usually occurs in the dry season, when river water flowing into the sea is low.
Local people call it the term "bugel". According to oceanographers, this phenomenon is
known as temporary open/close estuaries (TOCEs) [18;19]. It can affect the glass eel
recruitment process to estuarine and freshwaters. According to [20], the glass eel
mechanism enters estuary waters and freshwater by utilizing tidal flow using selective tidal
stream transport.

4 Conclusions

Recruitment of glass eels withinside the tree estuaries in Sukabumi passed off at the start of
the wet season in November 2020. The highest recruitment takes place in March-April
2021. The species of glass eels found in three river estuaries were 4. bicolor bicolor, A.
nebulosa nebulosa, and A. marmorata. The dominant species that was found was A.bicolor
bicolor. The estimated abundance of glass eels approximately 2,583,438-13,556,650
ind./year or 326.24-1,812 kg/year. The abundance of glass eel in the estuary of Cimandiri
River is higher than that of the estuary of Cibuni River and the estuary of Cikaso River.
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