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Abstract. 4. bicolor bicolor is a tropical eel subspecies that dominate
catches in the coastal areas of West Java, and its conservation status is near
threatened. Cikaso River, West Java, becomes eel migration path, while
unfortunately, information concerning the stock of eel in this river is still
inadequate. The objective of this study was to determine the population
structure (size distribution, length-weight relationship, and condition factor)
of A. bicolor bicolor in the Cikaso River. The research was carried out in the
main streams of the Cikaso River and the coastal marsh of Ciroyom from
January to December 2020. Eel samples were collected using lift-net,
fishhook, and traps. The number of eels caught is counted, then the total
length and weight are measured. We collected nine elvers and 89 yellow
eels, but no silver eel was caught during the study. The elver's total length
(TL) ranged from 10.2 to 20 cm, and the TL of yellow eel ranged from 20.1
to 42.2 cm. The catch of eel is dominated by the size of 25-30 cm. The
growth pattern of eel in the Cikaso River is positive allometric, with the
condition factor of eel ranging from 0.450 to 1.917 (1.160+0.3096).

1 Introduction

Anguilla bicolor bicolor is a subspecies of tropical eel that dominated catches in the coastal
areas of West Java, such as found in the Cimandiri River, Sukabumi Regency[1,2]. The
conservation status of A. bicolor is currently categorized as Near Threatened [3]. One of the
factors that threaten the eel population in the wild is overexploitation. According to [4], the
exploitation rate of eel in the Cimandiri River estuary, especially at the glass eel stage, is
0.77/year and is considered to have exceeded its optimum value (E=0.5). Anguilla spp. can
be found in many locations in Indonesia. Besides Cimandiri River, another river in Sukabumi
Regency is known to have a high potential eel resource [5] and becomes a migration path for
eels [6], is located in the Cikaso River.

Unfortunately, studies conducted on the stock of eel in the Cikaso River are still
inadequate. The latest research conducted by [6] found that the elver and silver eel were only
found in the mainstream of the Cikaso River, and the yellow eel was only found in the estuary
and Ciroyom coastal swamp. The management of eel resources requires accurate
information, especially regarding the existing stock of eel. For now, there is no study
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conducted on the stock, especially about size distribution, length-weight relationship, and
condition factors of eel in the Cikaso River.

According to [7], the length-weight relationship can be used for: stock assessment
models, the estimation of biomass of a species from length-frequency distribution to an
estimation of the condition of the fish, and for life history and morphological comparisons of
certain populations from different regions. This study aimed to determine the stock (size
distribution, length-weight relationship, and condition factor) 4. bicolor bicolor in the Cikaso
River system, especially in the young to adult stages. The study results are expected to
contribute to the eel management for their sustainability.

2 Methods

This research was carried out in the mainstream of the Cikaso River (Station 1-12) and coastal
marsh of Ciroyom (Station 13-18) from January to December 2020 (Figure 1). Location
grouping is based on different habitat characteristics, where stations 1to 12 are located in the
main flow of the Cikaso River, which is identical to the strong water current, deeper waters,
and low salinity levels. Stations 13-18 are located in coastal swamps with a weak water
current, relatively shallow water, and higher salinity than the main flow of the Cikaso River
[8].

The eel life cycle itself can be divided into several stages: leptocephalus, glass eel, elver,
yellow eel, and silver eel [9]. The stages of eels that have migrated to fresh water and have a
body shape like the adult eels are in the elver, yellow eel, and silver eel stages. Anguilla
bicolor species in these three stages are relatively easy to identify. It is known as a shortfin
eel due to a short dorsal fin and the dorsal origin above the anus. It also has plain body skin
[10]. The eel stage in this study was classified based on [11] and [12] studies. Tesch [11]
classified an elver stage as the eel with a length greater than 7 cm, [12] grouped the yellow
eel stage as the eel with a length of 20-45 cm, and eels with a size greater than 45 cm are in
the adult/silver eel stage [13].

2.1 Eels collection

Eel samples were collected using lift net “sirib”, traps “bubu”, and fishhooks “teger”. Eels
collection is carried out every month from January to December 2020, during the new moon
period. The traps and fishhooks are placed in research stations around 06.00-08.00 pm and
are discharged at around 07.00-09.00 am the next day. Besides the two types of fishing gear,
eels are also collected from the by-catch of "sirib" / lift net. Fishers operated lift net between
three stations: stations 1, 3, or 12. Fishhooks are placed at stations 1 to 11, while traps are
placed at stations 1, 2, 7, 10, and 11 (representing the main channel of the Cikaso River), and
stations 13 to 18 (representing coastal marsh of Ciroyom). We grouped it into four zones;
Stations 1 to 6 represented the upstream area, stations 7 to 10 represented the middle area of
Cikaso River, stations 11 and 12 represented the coastal area, and stations 13 to 18 coastal
marsh of Ciroyom.

Eel samples were identified using [10], then the total length (cm) and weight (grams)
were measured. Fish length measurements with an accuracy of 0.1 cm and their body weight
were weighed using a digital scale with an accuracy of 0.01 grams.
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Fig. 1. Research locations in the Cikaso River

2.1 Data analysis

The length-weight relationship of the eel is calculated using the formula:

W = al? N

Where “W” is the weight of fish (g), “L” is the total length of fish (cm), “a” and “b” are
constants. The value of b is used to predict the growth pattern. When the value of b is equal
to 3, it indicates an isometric growth pattern, and when its value is other than 3, it shows an
allometric growth pattern. If the b value is greater than 3, it shows that the eel has a positive
allometric growth pattern (faster weight growth), and if the b value is less than 3, it shows
that the eel has a negative allometric growth pattern (faster length growth)). The conclusion
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of the b value obtained was determined by performing a t-test at a 95% confidence interval
(0=0.05) [14].

The condition factor is analyzed to determine the condition or health of the fish based on
the length and weight data. The condition factor value (K) is calculated by the following

formula [14]:
w
K= @

Where “K” is the condition factor, “W” is eel’s weight in grams, “L” is eel’s length in
cm, “a” and “b” are regression constants of the length-weight relationship.

Statistical analysis in this study used the PAST 4.01 program and the data analysis
package in Microsoft Excel.

3 Results

3.1 Size distribution

Ninety-eight Anguilla bicolor bicolor was found during the research, consisting of nine elvers
stage and 89 yellow eels. Except for the middle area (stations 7 to 10), eels caught in the
upstream (stations 1 and 4), coastal (station 11), and coastal marsh (stations 13 to 18). The
elver stadium (size class 10 to 20 cm) and yellow eel (size class 20 to 45 cm) can be found
in the upstream and the coastal marsh, while in the coastal zone, we only found yellow eel
stadium (Figure 2). The elver ranged from 10.2 to 20 cm, and those caught were dominated
by 15 to 20 cm. The yellow eel was caught at 20.1 to 42.2 cm, and the dominant size ranged
from 25 to 30 cm. Most of 4. bicolor bicolor eels were found at 25 to 30 cm TL by 30% (29
individuals), while the eels with TL 10 to 15 cm and 40 to 45 cm were caught the least, only
3%, and 1%, respectively. Yellow eel dominated about 91% of the total eel caught. The
length class distribution of 4. bicolor bicolor caught during the study is shown in Figure 3.
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Fig. 2. Eel’s size distribution, based on three zones; upstream area, coastal area, and coastal marsh.
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Fig. 3. Distribution of length class (cm) of Anguilla bicolor bicolor (n =98)

3.2 The length-weight relationship of Anguilla bicolor bicolor

The length-weight relationship graphs of Anguilla bicolor bicolor without sex differentiating
for the upstream and coastal marsh areas are shown in Figures 4 and 5, respectively. The t-
test of the value b at 95% significance level against the value 3 for eels in the upstream area
obtained teount (8.69) > tiapte (1.99) and for coastal marsh teount (3.34) > tuple (R.45). The p—
value for both areas is smaller than 0.05, which means rejecting
hypothesis HO (b#3), so it concluded that the eels upstream of the
Cikaso River and coastal marsh of Ciroyom have a positive
allometric growth pattern (weight gain is faster than length

increase).
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Fig. 4. Length-weight relationship of 4. bicolor bicolor in upstream area the Cikaso River
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Fig. 5. Length-weight relationship of A. bicolor bicolor in the coastal marsh of Ciroyom

3.2 The condition factors of Anguilla bicolor bicolor

The condition factor of 4 bicolor bicolor in the Cikaso River ranged from 0.450-1.917, with
an average of 1.160+0.3096. The size difference of the eel did not affect the condition factor
of the eel caught during the study. This result was proven by using the Kruskal-Wallis test,
which showed no significant difference between the median values of each eel size group (by
excluding the 40-45 cm size class) (p-value 0.1911 > 0.05) (Table 1). Table 2 shows the
difference of condition factor (Kn) from three zones in the study site. The value of eel’s
condition factor from upstream and coastal area is higher than eel’s condition factor from the
coastal marsh.

Table 1. The value of condition factor (Kn) of eel (4. bicolor bicolor) based on length (cm)

Life stage Size class (cm) Kn Range Kn average
Elver 10-15 1.460-1.644 1.561 + 0.093
15-20 0.508-1.601 1.0667 + 0.4749
20-25 0.450-1.768 1.0816 + 0.3483
25-30 0.524-1.586 1.1455 + 0.2866
Yellow eel 30-35 0.897-1.917 1.235 + 0.2778
35-40 0.890-1.726 1.1578 + 0.2541
40-45 1.135

Table 2. The value of eel’s condition factor (Kn) based on zonation

Zone Totals (individuals) Kn Range Kn average
Upstream area 7 0.961 — 1.644 1.447 + 0.2528
Coastal area 1 1.912
Coastal marsh 90 0.45-1.767 1.126 + 0.2902

4 Discussion
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All eels caught in the Cikaso River during the study were in the early stage. The average total
length of elver and yellow eel caught in the present study (25.9+£8.36 cm) was not much
different from eels found in the Cimandiri River in 2018 with a size of 25.5£5.4 cm [4]. The
size of eels found in the Cimandiri River in 2015 was relatively smaller, ranging from 6.2 -
26.1 cm (12.25+4.01 c¢cm) [1]. The research results [6] in the Cikaso River found eels at the
adult stage for subspecies A. bicolor bicolor with a total length of 63 cm.

The length-weight relationship and condition factor could describe the condition of the
eel population in nature. The positive allometric growth pattern of eels obtained at the study
site is identical to the results of research conducted by [15-17]. It is different from [18],
which showed isometric growth patterns in eels, and research conducted by [4], which
showed negative allometric growth patterns. Differences in growth patterns occurred because
of the influence of environmental conditions, maturity, season, sex, food availability,
stomach fullness, health, preservation techniques, and differences of length ranges of the
specimen caught [7,15,19]. The Cikaso River and the coastal marsh of Ciroyom are the
habitats preferred by eels based on environmental variables such as salinity, turbidity,
dissolved oxygen, conductivity, total dissolved solids, water current, water depth, and
occurrence of vegetation, and bottom substrate. The availability of food for eels is associated
with the occurrence of vegetation in both zones. Insects become the main food for eels feed
when small, and crabs become the main food as they grow [8].

The condition factor represented the quality of the eel based on the comparison of the
actual weight to the estimated weight [4]. The condition factor of eels in the upstream (1.447
+ 0.2528) and the coastal area (1.912) is relatively higher than the coastal marsh area (1.126
+ 0.2902). The eels from upstream consisted of elver stage, while from coastal marsh
dominated by yellow eel stage. In other species, like white grouper (Epinephelus aeneus),
the condition factor usually decreases as the fish increases in size [20]. Nevertheless, our
analysis showed no significant difference between the eel size group based on the condition
factor value (Table 1).

Figure 6 shows a comparison of the condition factors (Kn) of eel in several research
locations. Locations 1 and 2 are located on the Cikaso River, which is the location for primary
data collection: the main channel of the Cikaso River and coastal marsh of Ciroyom. The
condition factor at location 3 (Cimandiri River) was obtained from research results [4], Kn
at location 4 (Segara Anakan Waters) from research [21], and Kn at location 5 in southern
Sri Lanka from [22]. The average Kn of eels in the mainstream of the Cikaso River was
higher than in other areas.
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Fig. 6. Condition factors of 4. bicolor bicolor in several areas (black lines indicate significant
differences between locations)

According to [4], the condition of the eel is influenced by food availability and
environmental conditions. The high Kn values of eel found in the Cikaso River and Cimandiri
River indicated that this area provides sufficient food and has better ecological conditions for
eel growth compared to the waters of Segara Anakan and Southern Sri Lanka. Cimandiri
waters are in excellent condition based on their water quality index [4]. Besides, the water
environmental parameters of Cikaso River and coastal marsh of Ciroyom are preferred by
eels and food sources available for eels with the vegetation cover [8]. A decrease in
environmental conditions occurs in Segara Anakan. Extensive mangrove area decreased in
this area over the previous year [23][23,24]. The size of the Segara Anakan lagoon has also
reduced due to high sedimentation from Citanduy River [25]. The metal content in these
waters also exceeded the water quality standard for fisheries [26,27].

5 Conclusion

Nine elvers and 89 yellow eels of Anguilla bicolor bicolor caught at the research site. The
elver stage's total length (TL) ranged from 10.2 to 20 cm, and the TL of yellow eel ranged
from 20.1 to 42.2 cm. Eels dominated the catch with TL 25-30 cm (yellow eel stage). The
growth pattern of eel in the Cikaso River system (The mainstream of Cikaso River and coastal
marsh of Ciroyom) is positive allometric, with the condition factor of eel ranging from 0.450
to 1.917 (1.160+0.3096).
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