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ABSTRACT

The utilization of food resources by fish communities in Cirata Reservoir depends on the
environmental conditions of the reservoir. Eutrophication and the presence of potentially invasive
alien fishes could affect the trophic interactions of food utilization by fish communities in the Cirata
reservoir. This study aimed to analyze the trophic interactions of the fish communities in Cirata
Reservoir, West Java. The samplings were conducted in October 2018, December 2018, and April
2019. The fish samples were collected using experimental gill nets with different mesh sizes. The
stomach contents were dissected to study their food habits under a stereoscopic microscope.
Data analysis was performed using the index of preponderance, niche breadth, trophic level, and
index Schoener. A total of 21 species of fishes in Cirata Reservoir utilized food resources, including
phytoplankton, zooplankton, aquatic plants/macrophytes, molluscs, insects (adult and larvae),
worms, a body part of fishes and crustaceans, pellets and detritus. The fish communities had a
wide range of niches, 0.00-0.32 and trophic levels, 2.00-3.63. The non-native fishes in Cirata
Reservoir had the food overlapping potential with native fishes, from low to high categories,
especially from the Cichlidae. Trophic interactions of fish communities in Cirata reservoir were still
relatively stable, characterized by overlapping food niches in the low to medium categories. The
fish stock enhancement effort such as fish introduction or restocking in Cirata Reservoir could still
be carried out with a precautionary approach in filling in empty niches and avoiding the potential
invasive alien fish species.
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INTRODUCTION

Cirata Reservoir is one of the cascade reservoirs
in the Citarum River. It was built in 1987 with the
primary function as a power plant and is currently
used in fisheries and tourism (Nastiti et al., 2018;
Salami et al., 2008). Changes in habitat form from a
lotic to a lentic ecosystem have changed the fish
communities in Cirata Reservoir, as reported by
Kartamihardja (2008) in the Ir. H. Djuanda Reservoir.
The environmental dynamics in Cirata Reservoir, such
as changes in water quality, pollution, and decreasing
carrying capacity, affect fish communities and trophic
structures as well as their interactions, especially in
terms of utilization of natural food resources.

Fish farming activities in floating net cages in Cirata
Reservoir have provided opportunities for the entry of
non-native or alien fishes introduced as cultured fish
commodities there. The existence of alien fishes in
Cirata Reservoir will cause the dynamics of trophic
interactions through a process of competition or
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predation. A study related to the food habits of the
fish communities in Cirata Reservoir has been
conducted by Tjahjo & Purnamaningtyas (2008), who
mentioned that there are three trophic guilds, namely
herbivores, carnivores and predators with a low chance
of competition among fish species.

As an ecological system, non-native fishes will
affect the structure of fish communities in Cirata
Reservoir. Feiner et al. (2013) stated that alien fishes
that had become invasive species impact existing
established fish communities due to interspecilc
interactions such as competition for food resources.
The similarity of food niches among fishes has the
potential for food competition (Krebs, 1989). It will affect
their trophic interactions in the use of food resources
(Smith et al., 2018). The availability of food resources
is a determining factor in the stability and survival of
fish that will also affect the change in fish food
preferences, changes in the area of the food niche
and trophic interactions between fish species in the
reservoir (Nimet et al., 2015). Therefore, the trophic
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structure of fish communities needs to review again.
This study aims to analyze the trophic interactions of
fish communities in Cirata Reservoir, West Java.

MATERIALS AND METHODS
Study Site and Data Collection

This research was conducted in Cirata Reservoir,
West Java, Indonesia, in October 2018, December

2018 and April 2019 (Figure 1). Sampling was carried
out at eight stations, which were considered to
represent the Cirata Reservoir condition (Tabel 1). The
fish samples were obtained using experimental gill
nets made of nylon monofilament with the mesh size
of0.75; 1; 1.5; 2; 2.5; 3; 3.5, and 4 inches. In addition,
fish samples were also obtained from the catches
from local fishermen.
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Figure 1. Research location in Cirata Reservoir.

Tabel 1.

The description of sampling stations in Cirata Reservoir

No Station Description

Picture

1. Maleber

6°43'11.71"S

107°15'46.36"E

One of the boat terminals,
residential areas, agricultural land and
there are many floating net cages.

near

2. Cikutri

6°43'44.27"S

107°15'26.64"E

One of the boat terminals,
residential areas, agricultural land and
there are many floating net cages.

near
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Bale Bengong
6°44'5.42"S

107°15'58.47"E

There are places for fishing, and there
are many floating net cages.

Pasir Empul
6°44'11.08"S

107°16'20.50"E

One part of the waters that have many
floating net cages.

Ciranjang
6°46'8.77"S

107°17'12.30"E

It is an inlet of the Citarum River, and
there are many floating cages and
water hyacinths that spread.

Tegal Datar
6°44'46.48"S

107°18'48.98"E

One part of the water contained
abundant water hyacinth and floating
net cages.

Near to Dam

6°43'18.38"S

107°19'35.12"E

One part of the waters near the Cirata
Reservoir Dam, there is a race rope as
a barrier to large water hyacinth.

Jangari
6°43'11.61"S

107°17'49.51"E

One part of the water that has many

floating net cages and water
hyacinths, and unfortunately, there
isalotof y floating garbage.

The fish samples were identified according to
Kottelat et al. (1993) and the FishBase page (Froese
& Pauly, 2019). Fish samples were then dissected to
take the stomach contents, and then it was preserved
using a 5% formalin solution. Analysis of food habits
was done at the Biology Laboratory of the Research
Center for Fish Resource Enhancement in Jatiluhur,
Purwakarta, West Java. Identification of food habits

referred to Bellinger & Sigee, (2010), Robertson et al.
(2006), Edmonson (1978), Quigley (1977), and
Needham & Needham (1963). The identification of the
remaining food found in the stomach was done under
a stereoscopic microscope to the lowest taxonomic
level, then grouped by natural food fraction based on
TrophLab2K software (Pauly et al., 2000).
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Data Analysis

The cumulative fish catches were analyzed using
the modified index of relative importance (Kolding,
1989; Hedianto & Sentosa, 2019), with the equation:

_[ BN +%N)x%F |

Z(O/dA/l+%NI)X%I:| ........... (1)

where: IRI = index of relative importance; %Wi = the
biomass percentage for the fish i; %Ni = the
abundance percentage for the fish i; %Fi = the
occurrence frequency for the fish i.

The diet data for food habit were analyzed using
the index of preponderance (Natarajan & Jhingran,
1961), whose formula was:

li V, x G,
=1
Z(Vixol) X100 .o 2
i=1
where: li = Index of Preponderance; V, = the volume

food percentage for the food type i; O, = the occurrence
food percentage for the food type i; n = the number of
groups in the food i. Food grouping: 1i>25 = basic
food, 5d”1id"25 = secondary food, and li<5 = incidental
food (Hedianto et al., 2013).

Determination of the trophic levels of fish was done
based on food composition and trophic level of food
utilized by fish using TrophLab2K software (Pauly et
al., 2000) with the equation was (Christensen & Pauly,
1992; Pauly et al., 1998):

G

Troph=1+ Zl: DC, xTroph,
J:

where: Troph =trophic level, DC, = the fraction of diet

i in the consumer i; Troph. = the trophic level of food j;

G =the number of groups in the diet i.

The niche breadth was calculated to determine
whether the fish are specialists or generalists in
utilizing available natural food resources. The equation
used was the standardized Levins’ measure with a
value of 0-1 (Krebs, 1989 in Novakowski et al., 2008).
The following formula was used:

1 1

T o-a|(zR)

-1
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where: B, = Levins’ measure of niche breadth; n =
number of individuals found in or using the resource i;
P,= fraction of items in the diet fish i that were of food
category j. The niche breadth was divided into three
classifications, namely, as specialists if Bi <0.4;
intermediate or medium if 0,4d”"Bid"0,6; and
generalists if Bi> 0.6 (Novakowski et al., 2008).

Trophic interactions of fish communities were
based on niche overlaps calculated using the Schoener
Index (Collwel & Futuyma, 1971; Moyle &
Senanayake, 1984; Grossman, 1986) with the
equation:

1
Co =15 2 IPX P (5)

where: C_= Schoener Index; P, P, = proportion of
the diet type i used by the two groups of fish xand y.

The niche overlap based on Schoener index values
had three classifications: C <0.33 value indicating a
low diet overlap, 0.33d"C d”0.67 indicated moderate
diet overlap, and C >0.67 high diet overlap (Moyle &
Senanayake, 1984).

RESULTS AND DISCUSSION
Results

During the study, the fish communities in Cirata
Reservoir consisted of 9 families and 23 species,
where 56.52% were non-native fishes. The fish
communities caught in Cirata Reservoir during the
study were presented in Table 1.

During the study, there were 21 species of fish
that were observed for their food habits. The food
resources utilized by the fish communities were
phytoplankton, zooplankton, aquatic plants/
macrophytes, molluscs, insects (adult and larvae),
worms, a body part of fishes and crustaceans, pellets,
and detritus. We distinguished pellets from detritus
because their shape was still in the form of solids or
spheres, while detritus was irregular in shape. There
were fish farming activities so that there was an
opportunity for fish to eat the released pellets from
the floating cage. Especially for pellets, it was only
found in C. macropomum, one of the cultivated fish
commodities in Cirata Reservoir. Meanwhile, the
majority of fish (57.14%) had macrophytes as their
basic food. The percentage of food habits, niche
breadth, and trophic level of each fish species were
presented in Table 2.
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Table 1.  Fish communities caughtin Cirata Reservoir during the study

No Scientific Names Common Names Local Names  %lIRlI
Family: Cyprinidae

1 Cyclocheilichthys apogon @ Beardless barb Corencang 19.31

2 Cyprinus carpio ° Common carp Mas 11.07

3 Hampala macrolepidota @ Hampala barb Hampal 7.00

4 Osteochilus vittatus 2 Bonylip barb Nilem 4.45

5 Rasbora argyrotaenia @ Silver rasbora Paray 4.45

6 Barbonymus balleroides 2@ Minnow carp Lalawak 3.22

7 Labiobarbus leptocheilus 2 Minnow carp Caren 1.10

8 Mystacoleucus marginatus 2 Minnow carp Genggehek 0.35

9 Barbodes binotatus ° Spotted barb Beunteur 0.06
Family: Cichlidae

11  Oreochromis niloticus ° Nile tilapia Nila 19.45

12 Amphilophus citrinellus ° Midas cichlid Oskar 9.18

13 Amphilophus labiatus ? Red devil Oskar merah  6.61

14  Mayaheros urophthalmus ® Mexican mojarra Oskar Hitam 1.75

15 Oreochromis spp.P Tilapia Nila Merah 0.28

16  Cichlasoma trimaculatum ® Three spot cichlid Lohan 0.27

17  Parachromis ® Jaguar guapote Marinir 0.23
Family: Bagridae

18  Mystus nigriceps 2 Twospot catfish Kebogerang 1.34
Family: Clariidae

19 Clarias batrachus @ Philippine catfish Lele 0.15
Family: Serrasalmidae

20 Colossoma macropomum ° Cachama, Pacu Bawal 4,79
Family: Pangasiidae

21 Pangasianodon hypophthalmus P Striped catfish Patin 2.36
Family: Ambassidae

22  Parambassis siamensis P Glass fish Kaca 1.83
Family: Loricariidae

23  Pterygoplichthys pardalis ° Amazon sailfin catfish Sapu sapu 0.6
Family: Osphronemidae

24  Trichopodus pectoralis ® Snakeskin gourami Sepat 0.15
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Table2.  Food habits, niche breadth and trophic level of fish communities in the Cirata Reservoir during the
study
No. Local Names Index of Preponderance (li) Trophic Niche
A B C D E F G H | J K Level Breadth
1 Bawal 8 1 14 0 O 0 0 27 0 17 33 277x0.46°™ 0.32
2 Beunteur 0O 0 100 0 0 O O O O O O 200+0.02" 0.00
3 Caren 0O 0 37 0 O 63 0 0O 0 0 0 276%0.32" 0.09
4 Corencang 0O 0 66 0O 0O 9 0 O 0 O 25 211%0.12M" 0.10
5 Genggehek 0O 0 87 0 13 0 0 O 0 O O 216%0.14M 0.03
6 Hampal 0O 0O 15 14 0 0O O 5 0 0 17 3.63x0.62° 0.17
7 Kaca 3 97 0 0O 0 0O O 0O O 0O O 3.07x0.28" 0.01
8 Kebogerang 0 0 5 5 5 17 0 0 0 O 17 235=%0.21M 0.17
9 Lalawak 1 0 78 20 0 0 0O O O O 1 236+0.21" 0.05
10 Lele O 0 8 0 O 15 0 0 0 O O 217+0.15"™ 0.03
11 Marinir 0O 0 3 70 0 O O O O O 0 326%0.38% 0.07
12 Mas 4 0 8 10 0 1 3 0O 0O O O 222+0.16" 0.05
13  Nila 36 16 49 0 0O O O O O O O 218=%0.12M" 0.16
14 Nilem O 8 0O O O O O O O 11 2.00%0.00"™ 0.03
15 OskarMerah 0 O 8 0 0O O O O O O 11 2.00+0.00"™ 0.03
16  Oskar 0O 0 98 0 0 2 0 0O 0 0 0 202+0.06"™ 0.00
17  Paray O 0 10 O 76 14 0 0O O O O 3.08+0.38" 0.07
18  Patin 93 7 O 0O 0 O O 0O O 0O O 208x0.08" 0.02
19  Sapu-Sapu 50 0 O 0O 0O 50 0 0O O O O 260+0.28°" 0.10
20  Sepat 17 10 O 0O 0 50 0 0O 0 0O 23 271+0.30™ 0.19
21 OskarHitam 0 O 8 0 5 6 0 4 0 0 0 221+0.20"™ 0.03

Remarks: A = Phytoplankton; B = Zooplankton; C =

Macrophytes; D = Mollusc body parts; E = Insect

(adult); F = Insect (larvae); G = Worm; H = Fish body parts; | = Crustacean body parts; J = Pellet;
K = Detritus; omn = omnivorous; her = herbivore; ins = insectivorous; car = carnivorous

The niche breadths of the fish communities ranged
from 0.00 to 0.32, so that almost all fish communities
were specialists in utilizing food resources in Cirata
Reservoir. Meanwhile, the trophic levels ranged from
2.00to 3.63, so that the food web was dominated by
herbivorous fish (66.67%). Some fishes such as Bawal
(C. macropomum), Sepat (T. pectoralis), Hampal (H.
macrolepidota), Kebogerang (M. nigriceps), and Nila
(O. niloticus) tended to be the generalists. These
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fishes were able to utilize more food sources than
other fishes (Figure 2).

Although each fish was commonly specialist, there
was a diet overlap opportunity to utilize food resources
in Cirata Reservoir. Based on the Schoener index,
the non-native fishes in Cirata Reservoir had potential
food overlapping with native fishes, from low to high
categories, especially from the Cichlidae (Figure 3).
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Figure 3.

Trophic Interactions of Fish Communities in Cirata Reservoir, West Java (Sentosa, A.A., et al)
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Discussion

The existence of fish communities in Cirata
Reservoir had existed since the beginning of the
reservoir inundation process by the Citarum River flow.
During the process, the fish would adapt to the
changes in the aquatic environment from lotic to lentic.
These environmental changes would undoubtedly
impact on the changes in organism interactions and
the availability of food resources (Luz-Agostinho et
al., 2006; Smith et al., 2018) that were ultimately
related to the number of fish species inhabiting the
reservoir, which was 23 species with the predominance
of non-native fishes (65.22%). This species number
was higher than the previous report, which was ten
species (Tjahjo & Purnamaningtyas, 2008) and 18
species (Anna et al., 2017). The composition of fish
species in Cirata Reservoir was almost similar to fish
communities in Ir. H. Djuanda Reservoir (cascade
reservoir after Cirata) because it was still in the flow
of the Citarum River (Kartamihardja, 2008;
Purnamaningtyas & Tjahjo, 2013).

For 30 years, Cirata Reservoir had been reported
to have had a degradation in water quality (Igbal,
2018). Several studies stated that Cirata reservoir
water conditions had reached eutrophic to hyper-
eutrophic levels (Purnamaningtyas & Tjahjo 2008).
Even Damayanti et al. (2010) also reported that Cirata
waters contained heavy metals, i.e. Cd, Cu, and Zn.
The concentrations had exceeded the quality
standards set by the Republic of Indonesia
Government Regulation No. 82 Year 2001. The
decrease in water quality in Cirata reservoir would
affect the fish communities in that reservoir due to
differences in fish adaptation level. The fish
communities in Cirata Reservoir might be resistant to
poor water quality conditions. Unfortunately, there was
no research yet related to that, but fish stocking has
always been done in Cirata reservoir. For example,
Warsa et al. (2018) suggested mitigating phosphorus
pollution from aquaculture by stocking milkfish
(Chanos chanos).

The existence of introduced fish is high in Cirata
Reservoir, considering the reservoir system is
vulnerable to alien fishes entering the reservoir, both
intentionally and unintentionally. The reservoir system
is generally open, and fish farming activities also have
the potential to increase the species and numbers of
alien fishes. Tilapia, or Nila as one of the alien fish,
had dominated the fish communities in Cirata
Reservoir. Nevertheless, this study also reported that
the native fish, C. apogon, was predominant in Cirata
Reservoir. This condition was related to the support
from abundant food resources and the existence of
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eutrophication in that reservoir (Nastiti et al., 2018).
The food preference of C. apogon consisted of 66%
macrophytes (Table 2). Unfortunately, we could not
identify the types of macrophytes in the fish stomach.
So we only mentioned macrophytes in general.

The availability of food resources is one important
factor that affects the fish communities besides water
quality (Quirino et al., 2017). The food resources
consumed by fish in Cirata Reservoir include
phytoplankton, zooplankton, aquatic plants/
macrophytes, molluscs, insects (adult and larvae),
worms, a body part of fishes and crustaceans, pellets
and detritus. The presence of pellets in the fish
stomach was commonly found in the fish caught
around floating net cages. It was suspected that the
remains of the pellets came out from the fish culture
system to become a food source for fishes outside
the cage. Most fish guilds consumed macrophytes
as the primary food because of their abundance in
the reservoir. Cirata Reservoir was generally
allochthonous, with most of the energy and organic
material input comes from Saguling Reservoir outlet,
agricultural land around the reservoir and tributary
rivers that flow into the reservoir (Kholil et al., 2015).
The excess of these nutrients can trigger
eutrophication. Unfortunately, eutrophication is a
symptom of organic pollution in the reservoir,
characterized by algae blooms and water hyacinth
(Thornton et al., 2013).

The information on the spectrum of food habits of
fish communities in this study could provide an
updated overview related to the trophic status of each
species of fish communities in Cirata Reservoir. The
information on trophic structures and resource
partitioning of fish communities is essential for
understanding ecological relationships among fish
species (Woodward & Hildrew, 2002). The importance
of this research in managing the reservoir is as the
necessary information for the fish introduction or
restocking policies in Cirata reservoir. Therefore, these
policies would not harm fish communities, especially
related to the invasive alien fish. Luz-Agostinho et al.
(2006) stated that the information on the trophic
structure of fish communities was fundamental for
effective conservation and management of the fish. In
general, the fish communities in Cirata Reservoir were
dominated by herbivorous fishes. This condition was
related to the abundance of macrophytes and
phytoplankton as natural foods.

Some alien fishes in Cirata Reservoir, such as C.
macropomum, A. labiatus, A. citrinellus, and M.
urophthalmus, were often considered carnivorous fish.
However, they were able to adapt to consume
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macrophytes as the primary food. These conditions
led alien fishes to live in Cirata Reservoir and could
become alien invasive fishes. The macrophytes and
plankton could also be complementary diets for fishes
at other trophic levels. This phenomenon showed the
importance of these food resources for the fish
communities, especially in maintaining fish diversity,
abundance, and biomass (Vidotto-Magnoni &
Carvalho, 2009). Some species of fish were able to
maintain their food habits against environmental
changes. Changes in the proportion of food resources
can cause changes in fish trophic levels (Agostinho
etal., 2008; Smith et al., 2018). Agostinho et al. (1995)
stated that the fish diets are based on both the
availability and the abundance of food in the
environment. The fish might modify their diets
according to the characteristics of food resources.

Although the fish communities utilized most of the
food resources in Cirata Reservoir, all species
relatively exhibited low niche breadth. It indicated that
almost all fishes have specialized in the use of
available food resources. However, compared to all
fish communities, the fishes such as C. macropomum,
T. pectoralis, H. macrolepidota, M. nigriceps, and O.
niloticus were relatively likely to use more food
resources than other fish. It was due to their food
habits that were relatively varied compared to the
others. This result supported the opinion of
Novakowski et al. (2008), who stated that high
abundance in some food resources would support the
presence of fish in their environment and was not
related to the limitations of fish morphological
characters in the consumption of specific food
resources.

The interaction among fish species occurred if the
fish species preferred the same type of food as other
fish through competition. However, if it was just a
similarity in utilizing food, it was called complementary
(Tjahjo et al., 2009). Based on the calculation of the
Schoener index from sampling at three different times,
there were three food overlaps in October 2018,
December 2018, and April 2019. The fish that had
similarities in food niches in Cirata Reservoir had the
opportunity for food overlapping. The overlapping food
opportunities in October and December 2018 were
relatively lower than in April 2019. In October and
December 2018, there are rainy seasons where an
allochthonous input of nutrients from outside was
higher. It had the consequence that the supply of food
resources was relatively abundant, so the opportunity
for food overlapping was low. In contrast, April 2019
was the dry season, in which the nutrient input was
limited. So, the food availability was low, which would

impact on high food overlapping. The number of
species in fish communities in April 2019 was also
relatively higher, so there was a potential for food
overlapping.

The overlapping in food niche utilization is dynamic
depending on the availability of food resources.
Therefore, different food overlapping opportunities can
occur at any time, either daily, monthly or seasonally.
It was related to the dynamics of the ecological
environment related to the input of food resources and
the existence of fish communities (Smith et al., 2018).
Although each fish was commonly specialist, there
was a diet overlap opportunity to utilize food resources
in Cirata Reservoir. Based on the Schoener index,
non-native fishes in Cirata Reservoir had potential
food overlapping with native fishes, from low to high
categories, especially from the Cichlidae. This
phenomenon was similar to Feiner et al. (2013), who
reported that a non-native fish in North Carolina
reservoirs had a high diet overlap with native fishes
there.

The average of the Schoener index ranged from
0.12 to 0.47. This value indicated that the overall
opportunities of diet overlapping of fish assemblage
in Cirata Reservoir were still low to medium category.
It meant that the structure of the niche of the fish
communities was still in relatively stable condition.
Although the species and fish trophic guilds were
relatively different from the report of Tjahjo &
Purnamaningtyas (2008), the fish communities in
Cirata Reservoir still indicated low food competition
opportunities. This condition was also relatively the
same as Vidotto-Magnoni & Carvalho (2009) reported
in Nova Avanhandava Reservoir, Brazil, where the fish
communities had a low overlap diet. Based on these
results, we recommended that fish stocking or
restocking in Cirata Reservoir should be carried out
during the rainy season to avoid the potential for high
diet overlapping among fishes. Of course, the fish that
would be stocked or restocked in Cirata Reservoir
must have low-risk biological characteristics to
become an invasive species.

CONCLUSIONS

The trophic interaction of fish communities in Cirata
Reservoir was still relatively stable, with the justification
of diet overlap in the medium category. It meant that
fish stock enhancement efforts such as fish
introduction or restocking in Cirata Reservoir could
still be carried out with a precautionary approach to
filing empty niches and avoiding the potential for
invasive alien fish species.
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