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Abstract

Optimal management of aquatic resources requires a good understanding of the biological aspects and other information
related to these resources. This study was conducted to determine the biological aspects and feeding habits of Mobula
mobular landed in the Palabuhanratu Nusantara Fishing Port. The research was conducted from September 2021 to May 2022.
Data collected through a direct survey that included aspects of biology, stomach contents and information on fishing
grounds. It was recorded that 21 individuals of M. mobular landed in the area during the study period. According to the Chi-
Square test, the sex ratio between females and males is balanced with the growth pattern of M. mobular was negatively
allometric. The male of M. mobular was generally found as immature individuals. The prey items idenftified in the stomachs
belong to five groups: decapods, copepods, gastropods, Polychaeta, and others. Decapods were the most important prey
(Index of Relative Importance 99,54%), while the other prey groups were only as complementary food. M. mobular is
categorized as a plankton feeder. The fullness index value was 23.8%, while the vacuity index was 76.2% and categorized as
relatively low fed. M. mobular is classified as an omnivorous animal that tends to be carnivorous with an animal preference
with a trophic value of level 3.
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INTRODUCTION

Mobula mobular is a species of the family Mobulidae which is the largest megafauna in the
tropics, subtropics and temperate climates (White et al., 2018). This species is a pelagic fish and filter
feeder with the main food of small fish, zooplankton, crustaceans, and ichthyoplankton (Coasaca-
Céspedes et al., 2018). Like other fish, the growth of M. mobular can be influenced by internal and
external factors. The internal factors in the form of genetics, age, or size, resistance to inducing
disease and ability fo utilize food. While external factors include physical properties, water chemistry,
as well as biological components including food availability is very important to assess the role of
predators, and the structure and dynamics of the community so that it is wider to understand trophic
relationships in an inhabited ecosystem (Bucking, 2015). As the main eater of zooplankton, the
foraging process of M. mobular is influenced by the environment that affects the distribution of
zooplankton. Therefore, they are highly vulnerable to environmental changes, such as ocean
acidification and warming (Weeks et al., 2015).

Threats to M. mobular are generally due to the relatively high catch of the group as bycatch
in both pelagic and target fisheries (Blaber et al., 2009). The significant market demand causes
increased fishing pressure because the body parts of the rays have high economic value for meat,
skin and gills (Wijayanti et al., 2018). In addition, from a biological perspective, this group also has
unique characteristics, such as a slow growth rate, length of sexual maturity, long lifespan and low
fecundity (Croll et al., 2016). At this time the entire Mobula spp. has been registered in CITES Appendix
Il (Convention on International Trade in Endangered Species of Wild Fauna and Flora) and two of
these species, namely M. alfredi and M. birostris, have been designated as protected fish with full
protection status based on Minister of Marine Affairs and Fisheries Decree No. 4 of 2014. Therefore, M.
mobular has a high level of vulnerability to extinction.
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Analyzing food habits in natural habitats is one of the essential aspects to know in the context
of conservation and resource management. The abundance of food associated with primary
production may indicate the presence of M. mobular because when food is available in natural
habitats this species fends to migrate to areas of high productivity in surface waters (Rambahiniarison
et al., 2018). The need for food is a factor in an organism’s continued growth and development.
Therefore, studying food habits and feeding habits is one of the basic references for managing a
particular biota (Taunay et al., 2013). Analysis of stomach contents can make it easier to determine
the composition of their diet and better understand their feeding habits and their tfrophic role in the
ecosystem (Torres-Rojas ef al., 2010).

One of the Indonesian waters that have fishery potential and is a fishing area for Mobula rays
is Palabuhanratu waters, Sukabumi, West Java. The cafch of Mobula then landed at the Nusantara
Fishing Port, Palabuhanratu. Local fishermen catch this group of fish as by-catch of gill nets. Therefore,
this study was conducted to collect information on the biological aspects and feeding habits of
Mobula (M. mobular), which landed at Palabuhanratu Nusantara Fishing Port.

MATERIALS AND METHODS

Biological aspects include sex determination, disc width (DW) measurements, and body mass.
The total disc width was measured from the tip of the fin to the other fin using a rolling meter to the
nearest 1 cm (Santi¢ et al., 2013). Determination of M. mobular sex was done visually, based on the
presence or absence of claspers as male reproduction organs. Clasper maturity of males referred to
criteria by Dharmadi & Fahmi (2008). The determination for clasper maturity of males was under the
following conditions: (1) Juvenil/ Non-calcified: claspers undeveloped as small, not calcified and very
soft as well as less than the pelvic fins length. Testes small, sperm ducts straight and thread-like; (2)
Adolescent/ Non-full calcified (NFC): clasper becoming extended, approaching tips of posterior
pelvic lobes, as long as or a bit longer than posterior pelvic lobes, still soft, flexible, and the clasper
was not fully calcified. Testes enlarged, sperm ducts eventually beginning fo meander (coil); (3)
Adult/ Full calcified (FC): claspers full length and calcified, longer than the pelvic fins. Testes are
greatly enlarged, sperm ducts meandering almost their entire length and tightly filled with sperm.

Feeding habits

After the fish landed, fish dissection and the enftrail stomach were removed and preserved in
96% ethanol. After that, the prey was identified at the laboratory. The stomach content of each M.
mobular was placed in a beaker for subsampling. Subsamples were then thoroughly identified using
a Leica MZé6 microscope with a magnification of 4x10. The weight of the stomach, empty stomach
and entrail contents, respectively, were recorded to an accuracy of 0.0001 g. In this study, feeding
habit is also known using the fullness index (%Fl) and the vacuity index (%VI). The fullness index was
calculated as stomach contents mass divided by fish mass multiplied by 100 (Hyslop, 1980) and the
results are divided into five categories Empty, Poor (1/4 full), Medium (1/2 full), Good (3/4 full) and
Heavy (Suseelan & Nair, 1969). The vacuity index was estimated as the number of empty stomachs
divided by the total number of stomachs multiplied by 100 (Berg, 1979) and the result is divided into
five categories: 0 VI < 20 = Edacious; 20 VI < 40 = Relatively edacious; 40 VI < 60 = Moderately fed; 60
VI < 80 = Relatively low fed; 80 VI < 100 = Low fed.

Stomach contents of M. mobular were analyzed using the frequency of occurrence
percentage (%0O) which every food item in the stomach contents was recorded and expressed as a
percentage of the total number of fish stomachs examined, gravimetry percentage method (%W) is
estimated weight of each food item or total food content of each fish (Mahesh et al., 2018), and
numerical percentage (%N) is the individual quantities of each food category in each stomach are
recorded and expressed as a percentage of the total amount of food in all fish stomachs examined
or as a proportion of the food in each fish stomach examined, raised to the fotal percentage
composition (Hynes, 1950). The main food items were identified using an index modified by Manko
(2016) formula Index of Relative Importance (IRl) and Index of Relative Importance percentage :
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IRI,
%[Rll =100 x W
i=1 i

In addition, an analysis of the trophic level of M. mobular was also carried out to determine the
feeding behavior of M. mobular. The result of trophic level is divided into four categories (Stergiou &
Karpouzi, 2002): H; 2.0 < TROPH < 2.1 = Herbivores; OV; 2.1 <TROPH < 2.9 = Omnivore with plant
preference; OA; 2.9 < TROPH < 3.7 = Omnivore with an animal preference; CD; 3.7 < TROPH < 4.0 =
Carnivora with a preference for decapods and fish; CC; 4.0 < TROPH = Carnivora with a preference
for fish and cephalopods

The relationship between disc width and body mass of M. mobular is expressed by the equation
(Effendie, 2002):

W = aDW#

Note: W = Body mass of fish (kg); DW = Disc width of fish (unit); @ = Constant (intercept); g = The disc
width exponent (slope)

The intercept and slope values were obtained from linear regression of disc width and body
mass through the transformation log. The value of b provides information about the fish’'s condition
and growth pattern. The relationship is said to be isometric (b=3) if the growth pattern of disc width is
directly proportional to the paftern of body weight growth. However, if weight growth is more
dominant than disc width growth, it is said to be positively allometric (b>3). Otherwise, if disc width
growth is more prevalent than weight growth (b<3), it is said to be negatively allometric. Then the
relationship between disc width and body mass was tested by t-test with an evident level of 5% or
a=0.05 (Morey et al., 2003). The sex ratio shows the proportion between the number of females and
males. Thus, continued by the Chi-square test to evaluate the homogeneity of the sex ratio at a 95%
confidence interval.

RESULTS AND DISCUSSION

During the study, a total of 21 M. mobular were landed in the Palabuhanratu Nusantara Fishing
Port, consisting of 13 females and eight males. M. mobular is the dominant species from the catch of
the Mobulidae family in Indonesia at 50.4%, followed by M. tarapacana (23.5%), M. birostris (13.7%),
M. thurstoni (8.8 %), and M. kuhlii (2.0%). Dian et al. (2016) also mentioned that in tuna fishing
operations using drift net fishing gear in the South Indian Ocean waters of Java, the most caught
were M. japanica or a synonym of M. mobular.

The total disc width ranges from 90 to 222 cm DW for females and 98 to 215 DW for males. The
mass of females ranged from 9 to 93 kg and males from 7 to 70 kg (Table 1). The Chi-square test
(@=0.05) result showed that the proportion between the number of females and males and was not
significantly different from the expected 1:1 ratio. This means that the proportion of the number of
females and males is said to be balanced.

The sex ratio of males and females of M. mobular is said to be balanced because M. mobular
females are more numerous than males. Similar research was also conducted by Dian et al. (2016) in
the Indian Ocean South of Java and obtained the ratio of male and female Plampangan rays (M.
japanica, synonym of M. mobular) was 0,58:1, where the number of females was more than males.
According to Saputra et al. (2009), the number of male and female fish must be balanced or the
number female fish more so that it can be said that the population is still ideal for maintaining its
sustainability. Differences influence the number of male and female fish caught in terms of behavior,
food, genetics and fishing factors (Suhendra et al., 2017).
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The disc width and body mass relationships of M. mobular were W = 0.00009DW?2:5201¢,
respectively (Figure 1). The t-test analysis against b values showed that M. mobular had a negative
allometric growth pattern. It means that the disc width was faster than the body mass. This
relationship is sustainable to the morphological character M. Mobular, which are big body and
spreads to the side. Of 8 male individuals, the clasper maturity level of male M. mobular was generally
found in the NC (Non-calcified), which was included in the juvenile category with a clasper length
from0,21to0 1,7 cm.

M. mobular males and females had a negative allometric growth pattern, which means that
the growth in body width was faster than in weight. The same results also occur in the study by Utami
et al. (2014), that Dasyatis sp showed a negative allometric growth pattern. The results of research
by Dian et al. (2016) in the Indian Ocean South of Java on female M. japanica (synonym of M.
mobular) also obtained the same results. The similarity of these results is because M. mobular was
caught at the same location in the waters of Palabuhanratu Bay where these waters face the Indian
Ocean directly. Meanwhile, different results were shown by Salim ef al. (2017) that M. japanica
(synonym of M. mobular) landed at Muncar Fishing Port produced an isomeftric pattern, namely the
growth of body width along with weight growth. According to Effendie (2002), the difference in the
value of b indicates that growth is relative and can change according to time, environment, food
availability, and age. The value of the relationship between width and weight is not always fixed. The
value will change and differ from one location to another. This is due to ecological and biological
factors that affect the habitat of stingrays (Utami et al., 2014).

The size of M. mobular that landed in this study was primarily included in the group of immature
rays. Dharmadi ef al. (2011) found that the disc width of M. japanica (a synonym of M. mobular) for
both males and females with the lowest frequency of body width was at 100-140 cm DW for the sub-
adult group and 150-200 cm DW or the adult group between 200-600 cm DW. In Indonesian waters,
the disc width of males ranges from 205-210 cm DW, with a maximum width of 310 cm (White et al.,
2006).

Table 1. Total specimens of M. mobular landed in the Palabuhanratu Nusantara Fishing Port.

Species Disc width (cm) Body mass (kQ) Sex Clasper
M. mobular 125 15 Male NC1,7cm
M. mobular 218 77 Female
M. mobular 215 70 Male FC 5cm
M. mobular 109 11 Male NC 1,3cm
M. mobular 175 38 Female
M. mobular 222 93 Female
M. mobular 163 13 Female
M. mobular 126 16 Male NC 1,5cm
M. mobular 127 15 Female
M. mobular 99 7 Male NCO0,7cm
M. mobular 112 9 Female
M. mobular 98 12 Male NC 1,5cm
M. mobular 162 47 Female
M. mobular 134 31 Female
M. mobular 155 31 Female
M. mobular 144 24 Female
M. mobular 113 12 Female
M. mobular 103 9 Female
M. mobular 90 14 Female
M. mobular 103 10 Male NC 0,7 cm
M. mobular 110 13 Male NC 0,2 cm
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Figure 1. Disc width-body mass relationship for M. mobular

Seen from the maturity of the M. mobular clasper, generally more caught in immature
conditions. This indicates that the fish have not reproduced so it, becomes an indicator of
unsustainable fishing (Salim et al., 2017). According to Fitriya (2017), if many relatively young male fish
are found, the catch can disrupt the population balance and cause overfishing because the caught
fish have not yet reached maturity or have not reached optimum growth. The results of the analysis
of nine stomachs of M. mobular showed that the composition of the diet of this species is quite varied.
Prey items identified in the stomach belonged to five major groups: decapods, copepods,
gastropods, Polychaeta and other prey (Table 2).

Table 2 result that Decapoda was present in all stomach samples containing food and served
98.6% of the total number of prey and 99.5% of the total weight. Decapods were the most important
ingested prey group, constituting 99,54% of the total IRl. Another group of prey is found in the
stomach, which has a low percentage of IRl value, so it can be considered less important or
complementary food. Identification up to the species level is difficult because the food is almost or
has been digested. Other biota groups (fish bones, scales and fish eggs) can also only be recorded
without any other calculations. Decapods were the most common group of the nine stingray
stomachs. This shows that the food habits tend to be plankton feeders. According to Coasaca-
Céspedes et al. (2018), the Mobula ray is a filter feeder that preys on small animals such as fish and
zooplankton crustaceans. This study is in line with Metillo et al. (2018) that the order of %IRI from the
highest includes Lucifer crustaceans (Decapods), copepods, flatworms, plant fragments and
Mollusca larvae.

Nine of the 2 individuals contained food in their stomachs. The results of the M. mobular feeding
infensity based on the fullness index obtained a value of 23.8% while the gastric vacuity index
obtained a value of 76.2% (Table 3). The results obtained based on Vacuity Index (%VI) show that M.
mobular is included in the relatively low fed category. The high number of empty stomachs is thought
to be due to several factors, one of which is the availability of food in nature. In addition, Shibuya et
al. (2009) stated that the high empty stomach could be caused by the fishing time that is not
following the activities of fish that are looking for food.

According to Simeon et al. (2016), another factor usually occurs because fish experience stress
from fishing gear. When a fish is caught, it vomits its stomach contents, which is called regurgitation.
The trophic level value of M. mobular is 3, which is included in the omnivore category with animal
preference because the food in the stomach of M. mobular is zooplankton as its main food. These
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Table 2. Diet composition from nine non-empty stomachs of M. mobular (frequency of occurrence
(%0i), percentage numerical (%Ni), percentage gravimetric (%Wi) and index of relative
importance (%IRl)).

Prey %0i %Ni T Wi IRI %IRI
Decapods 100.0 98.6 99.5 19810.0 99.54
Copepods 55.6 1.2 0.3 82.2 0.41
Gastropods 11.1 0.1 0.1 2.2 0.01
Polychaeta 33.3 0.1 0.1 6.7 0.03

Table 3. Percentage fullness index and vacuity index of M. mobula

Full gut Stomach Fulness Empt
Species Empty Medium Good Heavy Total Py
Poor (l) total Index Index
() (1) (1IV) full
M. mobular 16 2 2 1 0 5 21 23.8 76.2

results are the same as Sentosa & Hedianto (2018), where the M. japanica (synonym of M. mobular)
has a frophic value of level 3.4, and a fish belonging to the omnivorous category tends to be
carnivorous.

Based on the calculation of the frophic level, a value of 3 is obtained, indicating that the M.
mobular group is included in the omnivore category and tends to be carnivorous with animal
preference. Which is included in the omnivore category with animal preference because the food
in the stomach of M. mobular is zooplankton as its main food. These results are the same as Sentosa
& Hedianto (2018), where the M. japanica (synonym of M. mobular) has a trophic value of level 3.4,
and a fish belonging to the omnivorous category tends to be carnivorous.

CONCLUSION

During the research, 21 individuals of M. mobular were found caught in gillnets that landed in
the Palabuhanratu Nusantara Fishing Port. The sex ratio between male and female individuals is in a
balanced condition with more females. Most of the individuals are included in the category of
immature rays. The relationship between the width and body weight of M. mobular is known and its
growth pafttern is negative allometric. Types of food found in the stomach belonged to five major
groups. decapods, copepods, gastropods, Polychaeta and other prey. Decapods are the most
important prey group with IRl percentage value of 99.54%, so their food habits were plankton feeders.
M. mobular caught had a fullness index of 23.8% while a Vacuity index of 76.2% and was categorized
as relatively low in eating or relatively low in eating. M. mobular is classified as an omnivorous animal
that tends to be carnivorous with an animal preference with a trophic value of level 3.
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