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Abstract. Food and feeding habits are important things in bioeco-
logical of fish. This study provides an understanding of the feeding
habits and intensity of the M. gulio, by analyzing its food composi-
tion, relative gut length (RGL) and gastro-somatic index (GaSI). Fish
specimens were caught with a gill net and fishing rod in an area of
Cianjur estuaries during a period of one year from October 2021 to
September 2022. The analysis of 452 fish samples shows that the rela-
tive gut length (RGL) values revealed the feeding habit of M. gulio as
carni-omnivorous. The GaSI value was used to determine feeding in-
tensity and was found to be highest in November, at Cidamar estuary,
and in the second size group (7.1-10 cm). These results provide new
knowledge on this fish species’ feeding habit and intensity, which also
helps understand the fish adaptation and conservation in the study
area.
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INTRODUCTION

Mystus gulio is a fish with economic
value in several areas, such as Bangladesh
(Kumar et al., 2019). M. gulio, with the lo-
cal name "ikan keting" belongs to the catfish
group, the genus of Mystus sp., the family of

Bagridae, and the order Siluriformes (Kottelat
& Whitten, 1996). Based on its habitat, this
fish can be found in river estuaries and muddy
substrates (Hossain et al., 2015). In Asia, this
fish is distributed in Indonesia (Paujiah et al.,
2019), India (Talwar & Jhingran, 1991), Viet-
nam (Vo et al., 2023), and Sri Lanka (Kumar
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et al., 2019). In Indonesia, this fish is distrib-
uted in the Sunda Shelf (Kottelat & Whitten,
1996).

The study of food and feeding habits
is essential to fish biology and management
(Chipps et al., 2007). Analysis of Relative gut
length and Gastro-somatic index are two as-
pects that have long been used and are widely
accepted as important descriptors of gut mor-
phology and indicators of food composition
(Lanthaimeilu & Bhattacharjee, 2018). Rel-
ative gut lengths (RGL) in vertebrates have
long been studied and compared within and
between species (German & Horn, 2006). The
increase in relative intestinal length is relat-
ed to adaptation, where one of its functions
is to maximize the number of nutrients that
can be digested. In addition, its other func-
tions are to increase the time food remains in
the intestine during digestion and absorption,
and to increase the surface area available for
absorption (Hossain & Dutta, 2017; Leigh et
al., 2018). In fish, RGL helps to understand
the eating habits of fish (Dinh et al., 2022). In
addition to RGL analysis, GaSI (gastro somat-
ic index) can be used to analyze the feeding
intensity of fish (Chen & Liu., 2022). Gener-
ally, food intensity varies according to season,
availability of preferred foods, stage of matu-
rity, and spawning season (Le Pape & Bonho-
mmeau, 2015; Bhakta et al, 2019). Among fish
species, there is ecological and morphological
diversity (Villéger et al., 2017), including the
M. gulio that inhabits estuarine waters (Pauji-
ah et al., 2019).

The Cianjur, West Java, Indonesia, has
several large estuaries, such as Ciujung, Ci-
pandak, and Cidamar. Based on observation,
each of the estuaries has different character-
istics, such as the environmental conditions
around the estuary and the phenomenon of
the meeting between freshwater and seawater.
With unique characteristics in each estuary, it

Paujiah et al.

is possible to have different habitat conditions
to present different preferences for the organ-
isms in it, including the M. gulio.

The existence of fish populations in es-
tuaries can be influenced by several factors,
such as deforestation, urbanization, and envi-
ronmental pollution (Dinh et al., 2018). In the
M. gulio, no data was found regarding varia-
tions in food habits associated with RGL and
GaSI, which were analyzed based on time,
place, and size. These characteristics are pri-
mary data to understand how the environment
influences fish activity and fish interactions
within the community. Therefore, this study
aimed to present new knowledge about M.
gulio food composition, RGL, and GaSI based
on time, location, and size. The results of this
study can help understand fish food habitats
and the adaptability of fish in muddy habitats.

MATERIALS AND METHODS

Research on food composition, RGL,
and GaSI in M. gulio was conducted from
October 2021 to September 2022 at the inte-
grated laboratory of UIN Sunan Gunung Djati
Bandung, West Java, Indonesia. Fish samples
were obtained from three river estuaries in
Cianjur Regency, West Java, Indonesia (Fig-
ure 1). The stages carried out in this study are
as follows.

Fish Collection and Sampling

The fishing gears used for sampling
were gill nets with mesh sizes of 0.75" and 1"
and fishing rods. The fishing duration at each
station lasts for four hours (one effort). The M.
gulio was identified based on the identification
key presented in Kottelat & Whitten (1996).
The research was performed following the
guidelines approved by the animal care and
use committee of UIN Sunan Gunung Djati
Bandung, Indonesia.
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Figure 1. Study sites in Cianjur estuaries, West Java, Indonesia

Collecting Gut Specimen

The fish sample was dissected with a
scissor and checked for gut fullness. After
removing from the fish specimen, the diges-
tive tract was measured to the length (Lg) of
the nearest 0.1 cm and weight (Wg) of the
nearest 0.01 mg to calculate the relative gut
length (RGL) and gastro somatic index (GaSI)
(Mingist et al., 2023).

Length and Weight Measurement

Fish specimens were measured the to-
tal length (TL) to the nearest 0.1 cm using a
measuring caliper and body weight (W) to the
nearest 0.01 g using an analytical digital scale
(FUJITSU FS-AR). The RGL was used to de-
termine feeding habits (Chen & Liu, 2022),
e.g., carnivore (RGL1-3) (Mitu & Alam,
2016), and the GaSI was used to estimate feed-
ing intensity (Chen & Liu, 2022).

Data Analysis

Descriptive analysis was applied to the
data. All the collected data were plotted in tab-
Jurnal Biodjati 8(2):203—217, November 2023

ular form and then represented in graphical
form for better calculation and assessment.

Confirmation of Proteinaceous Character

Analysis of stomach contents was used
to determine the feeding habits of fish and an-
alyzed using the Index of Preponderance (IP)
formula as follows:

Diet Composition

Analysis of stomach contents was used
to determine the feeding habits of fish and an-
alyzed using the Index of Preponderance (IP)
formula as follows:

— Vi x 0y
li= $oray ¥ 100 0

With /i = Index of Preponderance; Oi
= volume percentage of one type of food; O1
= percentage frequency of occurrence of one
type of food; and )’ (Vi x Oi) = total Vi x Oi of
all kinds of food.
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Relative Gut Length and Gastro Somatic In-
dex

The characterization of different-sized
fish as carnivores, herbivores, and omnivores
used the Relative gut length (RGL) as a main
morphological variable. At the same time,
the Gastro-somatic index (GaSI) determined
feeding intensity. The RGL of the fish was
determined by the following German & Horn
(2006):

Total length of gut (Lg)
Total length of fish (TI) )

RGL=

While the variations in the feeding in-
tensity of different size groups in each fish
were calculated by the following formula of
Samad et al. (2023):

Wt of gut

GaSl= —— o
T Wtoffish

100,

Paujiah et al.

RGL and GaSI were analyzed by loca-
tion, time, and size. Based on the location,
three river estuary locations were used, name-
ly the estuary of the Ciujung, Cipandak, and
Cidamar. Based on the time, RGL and GaSI
were analyzed every month for one year.
Based on size, the fish were divided into three
size groups, namely group 1 (<7 cm), group 2
(7.1-10 cm), group 3 (10.1-15 cm), and group
fourth (>15 cm).

RESULTS AND DISCUSSION

Diet Composition

The results showed that the composition
of the M. gulio food each month showed var-
ious components. The types of food observed
consisted of seven main groups, namely crus-
taceans, insects, mollusks, fish, annelids, de-
tritus, plants, and algae (Figure 2). The IP val-
ues based on time are presented in Table 1.
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Figure 2. The

feathers, R), (plankton-S, T, V), (Annelida-W), (Trematoda-U, V).

Table 1. The IP values of each food in each month.

digestive tract contents M. gulio from the e‘stuary of the Cianjur estuaries (crustacean-A, B, C, D, X),
(egg of insect-E, F, G, H), (part of insect-1, J, K), (cructacean, L, M, N), (algae-O, P, Q), (part of chicken/

Month- Food Group

Year Algae Crustaceans Insects Mollusks Annelida Detritus Plants Pisces
Oct-21  31.77 31.69 9.14 0.05 - 27.01 - 0.34
Nov-21 2441 1.12 45.77 0.27 - 28.09 - 0.33
Des-21  31.55 0.03 41.72 0.26 - 26.26 - 0.18
Jan-22 2750 - 42.79 0.04 - 29.66 0.01 -
Feb-22 3176 6.40 36.86 0.01 - 24.88 - 0.10
Mar-22 56.66 4.11 21.45 0.07 - 17.71 - -
Apr-22 7515 - 5.84 - - 20.95 - -
May-22 39.60 9.67 22.98 9.28 - 18.16 - 0.31
Jun-22 53.10 0.05 22.23 0.12 - 23.78 - 0.72
Jul-22 2439  48.50 2.51 3.97 0.27 20.37 - -
Aug-22  40.02 - 31.33 16.91 - 11.74 - -
Sep-22  46.67 - 41.26 0.32 0.77 10.98 - -

Table 1 shows that among all food
groups, insects, algae, and detritus are the most
dominant food groups with a high composi-
tion every month. Based on the food groups
found in the intestine of M. gulio, it shows
that this fish is euryphagous (fish that eat var-
ious types of organisms). In addition, this fish
is also an omnivore because of its wide food
range, starting from plankton, invertebrate,
and plant groups. In Figure 2, it can be seen
that several types of food identified were mos-
quitoes, Daphnia sp., Macrobrachium sp.,
mosquito eggs, pieces of shrimp and insects,
algae, and other types of plankton.

Paujiah et al.

The food habits of the M. gulio indicate
that the fish is insectivore, detrivore and algi-
vore. According to the results of a study by
Suryandari & Tjahjo (2013) which showed
that this fish is an eater of crustaceans, gastro-
pods, and detritus. In addition, Gupta (2014)
and Rathod (2023) also found the same food
composition in the digestive tract of this fish.
Compared to other species in the genus of
Mystus sp. Species of M. gulio dominate dif-
ferent food groups. For example, in the spe-
cies of Mystus tenggara, the dominance of the
food group is insects (Mitu & Alam, 2016).

Food activities of fish occur by stim-
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ulation (Lall & Tibbets, 2009; Nanjo et al,
2008) that arises due to the color and smell
of food (Weliange & Amarasinghe, 2007). In
addition, fish are interested in moving objects
in the water. In addition, fish are interested in
moving objects in the water. Richardson et
al. (2018) stated that moving prey can attract
fish to prey. Food habits are also influenced by
food size, food color, and fish taste for these
foods (Hilker & Lewis, 2010). Meanwhile,
the amount of food needed by fish depends
on eating habits, food abundance, food con-
version value, and food condition of the fish
(Vieux et al., 2018). For Dermogenys sp., the
color of red ants gets greater attention com-
pared to black ants with no conspicuous color.
The type of food eaten by fish generally de-
pends on the fish's preference, the size and age
of the fish, the season, and their habitat. Fish
eating habits include the type, quantity, and
quality of food eaten by fish. The type of food
that fish will eat depends on the availability
of food types in nature and also the physio-
logical adaptations of these fish, such as the
length of the intestine, the nature and physio-
logical conditions of digestion, and the shape

of the teeth (Zuliani et al., 2016).
Gastro-Somatic Index (GaSI) and The Rel-
ative Gut Length

Gastro-Somatic Index (GaSl)

The range of body weight, gut weight,
and the average value of the two aspects var-
ied each month (Table 2). Based on the range
of fish weight, the lowest values were found
in June and November, while the highest were
found in August and October. The lowest
range of fish gut weight was found in Decem-
ber, and the highest was found in October.

GaSI values were analyzed and pre-
sented by time/month (Figure 3), location
(Figure 4), and size (Figure 5). Based on the
sampling time, the highest GaSI was found in
November and the lowest in May. Based on
location, the largest average GaSI was found
from sampling at the Cidamar estuary, and
the lowest was found at the Ciujung estuary.
Based on the size, the largest GaSI was found
in the second-size group. Figure 5 shows the
average GaSI fluctuation from the first to the
fourth size group After reaching a peak in the
second group, the trend of average GaSI then
decreases until the fourth group.

Table 2. The range of fish weight, gut-weight, average fish weight, and average gut weight

Range of Fish

Range of Gut

Month- Weight (gr) Weight (gr) Average Fish Average Gut
Year Min Max Min Max Weight (gr) Weight (gr)
Okt-21 1.80 40.80 0.25 6.1 20.39 1.60
Nov-21  1.18 36.67 0.1 3.8 8.82 1.25
Des-21 1.40 31.00 0.02 2.2 8.34 0.50
Jan-22 1.40 34.40 0.06 3.1 11.95 0.66
Feb-22 1.70 26.80 0.1 12 11.18 0.78
Mar-22  2.40 20.10 0.11 1.93 7.21 0.52
Apr-22 2.38 30.70 0.08 0.98 8.18 0.28
May-22  6.30 47.90 0.1 0.72 13.17 0.33
Jun-22 1.00 34.00 0.21 3.2 14.41 1.18
Jul-22 2.04 40.66 0.07 2.87 15.07 0.54
Aug-22 393 55.14 0.16 3.93 16.54 1.03
Sep-22 4.66 25.54 0.08 3.42 16.07 0.94

Jurnal Biodjati 8(2):203—217, November 2023
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Information about GaSI is an essential
aspect of the reproductive biology of fish. In
previous research, GaSI showed how much
the eating intensity of a fish species (Chipps
et al., 2007). The GaSI value of M. gulio
showed a wide range of values. In the spe-
cies of Mystus montanus, GaSI ranged from
0.135-21.28 (Arockraraj et al., 2004). In M.
gulio, the maximum value of feeding activity
was found in November, at the Cidamar es-
tuary, and the second size group can be as-
sociated with GaSI values. Many factors can
affect GaSI, Kurbah & Bhuyan (2018) stated
that several factors, such as the unavailabil-
ity of food, caused the decrease in the value
of GaSI. In addition, other factors are abiot-
ic factors, such as temperature and turbidity
(Abbas, 2010). The content of COD and BOD
in the water body can cause high turbidity, re-
duce the fertility of waters and affect organ-
isms inside (Chan et al., 2013). GaSI in fish
decreases during reproduction and increases
before and after reproduction, representing an

inverse relationship between feeding intensity
and reproductive season (Kurbah & Bhuyan,
2018; Thomas et al., 2018). The results of oth-
er studies show that a low GaSI value indi-
cates low feeding activity and is the breeding
season of fish species (Sangma et al., 2019).
Poor feeding during the breeding season may
be due to the development of the gonads that
occupy the abdominal cavity’s main space
(Menon, 1950). Furthermore, the availabili-
ty of food in the environment and nutritional
needs can also affect the feeding activity of
fish (Arechavala-Lopez et al., 2022).

Relative Gut length (RGL)

Table 3 shows the body length, gut
length range, and the average of the two vary
each month. Based on the fish’s body length
range, the lowest values were found in June
and November, while the highest were found
in November and February, the lowest length
of the fish’s digestive tract was found in June,
and the highest value was found in August.

Table 3. The range of fish length, gut length, average fish length, and average gut length M. gulio

Range of fish length Range of Gut Length
Month- (cm) (cm) Average Fish Average Gut
Year Length (cm) Length (cm)
Min Max Min Max

Okt-21 7.60 16.50 4.00 17.50 12.25 12.03

Nov-21 5.00 26.50 0.95 25.80 9.68 7.49

Des-21 5.20 14.70 1.40 15.00 8.69 5.57

Jan-22 5.50 14.50 3.00 19.00 9.92 9.34

Feb-22 7.00 20.00 0.27 24.00 11.62 11.32

Mar-22 6.40 12.70 4.10 23.50 9.05 11.91

Apr-22 7.00 15.00 4.00 15.50 9.32 9.74

May-22 7.80 17.10 5.00 20.80 10.35 10.93

Jun-22 1.60 14.70 1.00 20.00 10.88 10.54

Jul-22 6.00 15.90 1.40 17.10 11.47 8.68

Aug-22 7.10 16.50 4.20 21.00 10.68 13.39

Sep-22 6.80 14.80 4.00 25.00 11.20 13.70

Jurnal Biodjati 8(2):203—217, November 2023
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RGL values were analyzed and present-
ed by month (Figure 6), location (Figure 7),
and size (Figure 8). Based on the time (month),
the highest RGL was found in August, and the
lowest was found in December. Based on lo-
cation, the highest average RGL was found
at the Cipandak estuary. Based on the size,

2

The relative qut lenght (RGL)
—
—
—

the highest RGL was found in the first size
group (<5 cm). Figure 8 shows the average
RGL fluctuates from the first size group to the
fourth size group. The RGL tends to increase
between groups one, two, and three, then de-
crease in the fourth group.

Okt MNop Des Jan Fzb

Apr May  Jun Jul Aug  Sep

Maonth

Figure 6. The variation in relative gut length of M. gulio among three
locations; the vertical bars indicate the standard error of the

mean

N\

The relative gut length (RGL)

PR RN
NN
NN
P
RN BB N SRR,
e A
R,
PR RN
SRS
P

SIS NIy
LSRR

N

(=]

Ciujung Cipandak Cidamar
Location

Figure 7. The variation in relative gut length of M. gulio among three

locations; the vertical bars indicate the standard error of the

mean

The feeding habits of fish can be pre-
dicted from the ratio of the gut length to the
total length of the body. Moyle & Cech (2000)
stated that in herbivorous fish, the digestive
tract is several times longer than the body (can
be up to five times the body length). In herbiv-
orous fish, the gut length is shorter than the

Paujiah et al.

total body length, and the gut length in omni-
vore fish is only slightly longer than the total
body length. The average relative gut length
of M. gulio fish was 1 (one). Referring to the
statement of German & Horn (2006) that M.
gulio fish is carnivorous or omnivore where
the relative intestinal length for carnivorous
212
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fish is 1 (one) and for omnivorous fish be-
tween 1-3. The gut contents show that the M.
gulio fish eats crustaceans, insects, mollusks,
pisces, annelids, algae, and detritus (Fig-
ure 2). So, based on the average gut relative
length and the gut contents, the M. gulio fish
is an omnivore fish that tends to be carnivo-

2

RGL

rous. The RGL value in M. gulio has yet to
be reported by other studies. Therefore, there
is no comparison with the results of other re-
searchers. However, observing the RGL val-
ues of other species in the genus Mystus sp,,
shows that the Mystus tenggara has an RGL
value of 0.72 (Mitu & Alam, 2016).

0
Group 1{=/ em)

Group 2 {7.1-10 em)

Group 3{10.1-15 em) Group 4 (=15 cm)

Figure 8. The variation in relative gut length of M. gulio among four
fish size groups; the vertical bars indicate the standard error

of the mean

In contrast to the gobies fish (Pogoreutz
& Ahnelt, 2014), a relationship between RGL
and trophic level has been identified (Karach-
le et al., 2010). This relationship is believed to
reflect the time it takes to digest food. Herbiv-
orous fish species, for example, tend to have
higher RGL values than omnivorous and car-
nivorous fish because fibrous plant material
takes longer to digest. Although RGL varies
between fish species at each growth stage,
German & Horn (2006) categorize fish as car-
nivorous (RGL = 0.6-0.8), omnivorous (RGL
= 0.8-1.0), or herbivorous (RGL = 2.5-16.4).
Sangma et al. (2019) stated that there was no
significant difference in the relative gut length
index of fish based on their development
(young and adult fish), and this indicated that
growth did not involve a shift in fish habits
in the carnivorous fish of Channda nama and
Trichogaster latius.

Jurnal Biodjati 8(2):203—217, November 2023

CONCLUSION

Taken together it can be concluded that
the food composition of Mystus gulio is in-
sects, crustaceans, mollusks, fish, detritus,
and algae. Based on the observed RGL values,
the feeding habits of M. gulio are revealed as
omnivorous to carnivorous. The feeding in-
tensity was highest in November, at Cidamar
estuaries and in the second size group.
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