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Abstract. The rabbitfish (Siganus guttarus) is a fish which has a high economic value also
became one of the most popular types of fish consumed by the Takalar people up to Makassar
City. The high market demand makes the effort to catch fishermen become greater so that the
pressure on this species also becomes greater. therefore this research is needed to provide
information in the preparation of comprehensive and systematic management strategies by
policy makers to maintain the sustainability and sustainability of Siganus guttatus resources in
the waters. The scope of this research includes information on rabbitfish habitat, abundance,
feeding habits, sex ratio, and gonad maturity level (GML), as well as to compare the
distribution pattern, gut content and GML in seagrass and coral reef ecosystems. This research
was carried out from March to June 2017 in Laikang Bay, Takalar Regency, South Sulawesi
Province, Indonesia. Rabbitfish samples (N = 336) were collected, comprising 293 males and
43 females with the size ranges of 11.2 — 35.9 cm and 8.4 — 35.4 cm, respectively. GML
ranged from I — V. The GML in coral reef ecosystem was generally higher than in seagrass.
The GML and number of individuals from the coral reef ecosystem were: GML I (133 fish),
GML 11 (84 fish), GML III (30 fish), GML IV (12 fish), GML V (8 fish); whereas from
seagrass ecosystem, GML 1 (12 fish), GML II (11 fish), GML III (2 fish). Gut content analysis
found 36 phytoplankton species; the taxa comprising the highest percentages were
Thallassiothrix sp. (69.24%) in the coral reef ecosystem and Oscillatoria sp. (26.34 %) i

SCagrass.

1. Introduction

The rabbitfish (Siganus guttatus) is a fish with a high economic value both internationally and locally
in the Takalar Regency, South Sulawesi Province, Indonesia. In the coastal seas of Takalar Regency,
rabbitfish are caught using demersal fish traps made from bamboo. This fishing method involves
placing the trap on the substrate in seagrass or coral reef ecosystems. Morphologically, the rabbitfish
Siganus guttatus (Bloch.1787) has yellow spot in the dorsal area close to the tail, a rounded body with
small mouth, and a long digestive intestine. With incisors in each jaw, the molars develop perfectly,
the stomach wall is r thick, and the surface of the small intestine is long and wide. Rabbitfish
(Siganus guttatus) are tropical herlgfyorous fish species such as the rabbitfish which feeds primarily on
seaweeds and other benthic algae [1].
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In the marine environment, Siganus gurratus (Bloch, 1787) plays an important ecological role as a
first-level consumer (herbivore) at trophic level II. Rabbitfish have several advantages, including
being able to grow fast and high capacity to adapt to their environment. However, they are also
sensitive to drastic changes in environmental conditions, for example changes in temperature, salinity
and dissolved oxygen [2]. Usually adults occurs in small aggregations, but occasionally form large
schools [3]. Habitats include coral reefs, seagrass meadows, mangroves, and river estuaries. Some
rabbitfishes seek food in rocky areas and coral reefs [4]. Predominantly herbivorous, zooplankton and
phytoplankton are the main foods in the larval phase whereas in the juvenile phase rabbitfishes eat
small algae and epiphytes, while in the adult phase they mostly eat seaweed or macro algae [5].

The high market demand for the catch of Rabbitfish (Siganus guttatus) for the consumption of local
people in Takalar Regency to Makassar is one of the utilization pressures that can threaten the
sustainability of this organism if the management of available resources is not carried out
comprehensively and systematically which is feared to have an impact on decreasing the population of
Rabbitfish (Siganus guttatus) in the waters. Based on this overview, a study on Siganus guttatus was
considered necessary to support the sustainable management of this species, through observing key
biological parameters of the fish caught by fishermen in the seagrass and coral reef ecosystems in
Laikang Bay, Takalar district, South Sulawesi Province. This study aimed to determine the fine-scale
distribution pattern, especially from biological aspects such as the level of gonadal maturity and food
habits in different ecosystems, i.e., seagrass and coral reef ecosystems. The scope of this study
comprised: 1) the relative abundance of fish from these two ecosystems; 2) reproductive parameters;
3) fishing ground locations.

2. Materials and Methodology

2.1. Time and Place

The study was conducted over a six month period in Laikang Bay, Takalar Regency, South Sulawesi
Province, Indonesia. The sampling coordinates can be seen on the site map (Figure 1). The total
sampling period was divided into 2 time intervals: February, March, April 2017 and August,
September, October 2017.
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Figure 1. Map showing the sampling locations.
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2.2. Data Collection

Sampling was carried out directly in the field, by participating with fishermen using demersal traps.
All fish caught were euthanized then packed in styrofoam boxes containing crushed ice blocks so that
the fish remained fresh until t arrived in the laboratory. Fish samples were separated by sex and
capture site. In the laboratory, the fish were measured (total length, TL) and dissected to remove the
gonads and gut, complete with the gut content. After removal, gonads were placed in a Gilson solution
and guts (stomach and intestines) were placed in a formalin solution. After soaking in the respective
preservative solutions, the gonads and the guts were stored in plastic sample con%‘ner& The gonads
were observed visually with the naked eye to determine sex and maturity stage. There is no known
external feature to distinguish the sexes of rabbitfishes except during the breeding season enumerated
some criteria for differentiation in Siganid: (1) males are generally smaller than females; (2) abdomen
of female is distinctly plump; (3) when the abdomen is pressed, whitish fluid (milt) comes out from
males and orange-colored eggs from females; (@) genital aperture of female is larger; and (5) female is
less active [6]. Another explanation state that during spawning season, mature siganid showed change
in color. The male of Siganus guttatus became lighter and the female darker in ground color [7]. and
for observations of samples that have been dissected the gonad maturififlassification refers to the
modification of the Cessie Gut contents (Table 1), were observed under a microscope with a
magnification of 4 times to identify the organisms present. Species of organisms that have been
observed are then identified based on the type of food using the identification book Yamaji (1976) and
the identification book Newel and Newel (1963). Observation of these types of food aims to
determine the composition of food eaten by rabbitfish (Siganus gutatus). The results of these
observations are written based on the type and number of organism on the paper provided.

a A
2.3. Data Analysis

23.1 Sex Ratio.The sex ratio of male: female Siganus guttatus was calculated and tested for
difference from 1:1 using the chi-square test with continuity correction (X°) [8] as follows:

,_ (X —nP| — %)

nP, (1 — Pg)
where: X = male frequency;
n = male and female Siganus guttatus frequencies
P, =l
2 (f-E)?
Ei
where: = observed male and female Siganus guttatus frequencies;
Ei = expected male and female Siganus guttatus frequencies.

Using the Chi — square formula based on Yetes correction:

X2 — n (JAD — BC|— ¥n)?
" (a+ba+c)(b+d)c+d)

[ 19)
2.3.2  Gonadal Maturity Level (GML).Observation of gonad maturity level (GML) was med on the
observation of external morphological traits. The criteria in Cassie [9] were modified as shown in
Table 1.
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Table 1. Morphological criteria for determining Gonad Maturity Level (GML) modified from Cassie
[91.

GML Male Female
The testicles are like threads, Ovaries are like threads, long, reaching
I shorter with visible endings in the to the front of the body cavity. Clear
body cavity. Clear colour colour and slippery surface.
Testes begin to become enlarged. Ovary size begins to increase. Dark
I Milky white colouring. More readily ~ yellowish colouring. The eggs can not yet
visible than in GML [ be seen clearly with the naked eye.

The surface of the testes appears

convoluted. The colour becomes a Ovary colow is yellow. The eggs are

I more even white, the testes are larger visible to the naked eye.
and when preserved they break easily
Owaries are larger; the eggs are yellow
Similar to GML III but the features  and easily separated. The oil grains do not
v are more marked. Testes are even appear. The ovaries fill /2-%: of the
more easily split or broken abdominal cavity. The intestine is
compressed
The testes appear flattened or The ovaries appear corrugated, with
v deflated. Some parts may still retain thick walls. Some remaining mature eggs
sperm which can be released by near the oviduct. Many eggs at a similar
pressing the testes stage to those in level II

2.3.3  Index of Preponderance (IP). Gut content data were analysed to evaluate the eating habits of
the rabbitfish sampled using the largest Index of Preponderance (IP) according to Natarajan and
Jhingran (1961) in [9] using the following for‘mu@
1x Oi
| x 100 %

where:
Vi = percentage volume of the i or j* food (in %)
Oi = frequency of occurrence of the i or | food (in %)
IPi = Index of Preponderance of the i food
Range of i and j: from 1 to the number of food items identified

The IP vales wem:valuated using the criteria in [ 10] as follows:

IP > 25 % = Main food
IP 5% - IP 25% = Complementary food
IP<5% = Additional food

9Results and Discussion

3.1 Sex Ratio
The total sample size was 336 fish, consisting of 293 males and 43 females (Table 2). Based on the
sex, the number of male samples caught was greater than the females.
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Table 2. Sex Ratio of observed samples Siganus gurtatus by ecosystem with Chi-square calculations

Chi-square calculation for Rabbitfish caught in the coral reef ecosystem

Time of samples taken Number (fish) Sex ratio

Male Female Male Female
February 46 4 1.0000 0.0870
March 57 7 1.0000 0.1228
April 41 9 1.0000 0.2195
August 23 - 1.0000 0.0000
September 30 19 1.0000 0.6333
October 70 - 1.0000 0.0000
Total 267 39 1.0000 0.1461
X 147.54
306 X Taple 11.07

Chi-square calculation for rabbitfish caught in the seagrass ecosystem

Time of samples taken Number (fish) Sex ratio
Male Female Male Female
February 16 3 1.0000 0.1875
March 9 1 1.0000 0.1111
April 1 - 1.0000 0.0000
Total 26 4 1.0000 0.1538
X? 0.35
30 X e 599

The length (TL) of male fish ranged from 11.2 - 35.9 cm for individuals caught in the coral reef
ecosystem and from 14.6 - 22.9 em for those caught in the seagrass ecosystem. The length of female
fish ranged from 15.7 - 35.4 cm for individuals caught in the coral reef ecosystem and from 8.4 - 26.6
cm for those caught in the seagrass ecosystem. The male and female fish caught in the coral reef
ecosystem were, in general, larger than those caught in the seagrass ecosystem.

In Table 2, the highest number of male individuals caught in coral reef ecosystems was seen in
March (57 individuals) and the lowest in August (23 individuals). Unlike male fish, the number of
female individuals was highest in September (19 individuals), but in August and October there were
no females found. However, samples from the seagrass ecosystem were only found in the first three
months. In February, males dominated the catch (16 individuals) whereas females were much less
dominant (only 3 individuals) in that month.

Observation of 306 samples obtained from the coral reef ecosystems resulted in an observed sex
ratio of 1:0.1461, meaning that for every male fish there was only 0.1461 female fish, far from the
expected balanced proportion (1:1). The chi-square X* value of 147.54 was much higher than X
(11.07). This indicates that the number of males and females obtained at the coral reef station was
significantly different and the sex ratio was strongly male-biased.

Observation of the 30 samples from the seagrass ecosystem gave a sex ratio of 1:0.1538, also
indicative of a highly male-biased sex ratio. However, the chi-square X* value of 0.35 was lower than
Xk (5.99). This indicates that observed male bias in the seagrass area was no statistically significant,
most probably due to the small number of samples obtained from the seagrass ecosystem.

Significant differences in the number of male and female individuals during observation also
occurred in previous studies in other areas. This was obtained based on samples of rabbit fish captured
in Selayar Island waters [11]. From the samples obtained show that in each sampling, the number of
female fish is less than male fish. Based on the Chi-square test results obtained comparisons of female
and male fish in a population in an unbalanced concmm, with male fish catches more dominant. catch
of Rabbitfish from Tarakan obtained shows the sex ratio of male and female individuals is not
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balanced because male 65,56% and female only 34,44% but which shows that there are more male
fish than female fish [12]. Likewise with the catch of samples of rabbitfish in the waters of Oman, The
male obtained is smaller than the female and the catch ratio has a ratio of 1: 0.81. The difference in sex
ratio between male and female is considered as one of the organism's strategies in breeding in re
[10]. The sex ratio in nature is influenced by the amount and quality of food [13]. Differences in the
number and size of fish in a population in the waters can also be caused by patterns of growth,
migration, and the addition of new types of fish in existing populations. One factor that influences
fish growth patterns is food which can also trigger migration in some fish species [14].

?2 Gonad maturity level (GML)

The gonad maturity level (GML) represents the stage of gonadal development from before gonad
maturation begins until after the fish have spawned [9]. The GML of Siganus guttatus sampled from
coral reef and seagrass ecosystems varied over the six month study period for both male (Figure 2) and
female (Figure 3) rabbitfishes.
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Figure 2. Gonad maturity level (GML) of male rabbitfishes from coral reef and seagrass ecosystems.
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Figure 3. Gonad maturity level (GML) of female rabbitfishes from coral reef and seagrass
ecosystems.
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The gonad maturity level of the Siganus guttatus males caught in the coral reef ecosystem ranged
from GML I - GML V (Figure 2). There were many (n = 133) fishes from the seagrass area in GML [,
but only two individuals in GML III, with no fully mature or spent individuals. The gonad maturity
level of females ranged from GML I — GML V. Most female fish (n = 19) from the coral reef
ecosystem were in the GML II phase. From the seagrass ecosystem, however, of the 4 fish sampled
there were just 2 individuals in each of the GML I and GML II phases.

The observed levels of gonadal maturity indicate that the level of Siganus guttatus gonad maturity
is related to the ecosystem where the fish were caught. The gonads of individuals caught in coral reef
ecosystems were, in general, more mature than those caught in seagrass ecosystems. This indicates
that the higher the gonad maturity level, the more likely a fish would be in the coral reef ecosystem
area.

3.3. Rabbitfish feeding habit
The examination of rabbitfish gut contents showed that, like other species in the family Siganidae,
Siganus guttatus belongs to the guild of herbivores or plant-eating organisms. Index of Preponderance
(IP) data showing the percentages of the five main species consumed by rabbitfish sex and ecosystem
are shown in Figures 4 to 7.

248% 2,01%

3,05% Index of Preponderance (IP)

14,30%

o Thallassiothrix sp

& Ulothrix sp

& Calohtrix sp

& Prorocentrum compress um

B Nitzschia delicatissima

69,24%

Figure 4. Index of Preponderance (IP) for male Siganus guttatus caught in the seagrass ecosystem (5
main food items).
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Figure 5. Index of Preponderance (IP) for male Siganus guttatus caught in the coral reef ecosystem (5
main food items).
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Figure 6. Index of Preponderance (IP) for female Siganus guttatus caught in the seagrass
ecosystem (5 main food items).
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Figure 7. Index of Preponderance (IP) for female Siganus guttatus caught in the coral reef
ecosystem (5 main food items).

The IP values obtained indicate that there were differences in the types of food between fish
obtained from seagrass ecosystems and coral reef ecosystems, likely infllm:ed by the availability of
the different food types in each ecosystem. Fish populations are related to food quality and quantity
and other environmental factors in the feeding habit area [15]. The changes in eating pattemns that
occur aims to adjust the type of food in the habitat with the mouth opening of the organism [16].

The gut contents of the sampled Siganus guttatus contained several phytoplankton and zooplankton
taxa. The gut content of male Siganus guttatus obtained from seagrass ecosystems was dominated by
Thallassiothrix sp. (IP = 69.24%), this taxon was still the most common but less dominant in the guts
of female rabbitfishes (IP = 20.27%). For Siganus guttatus obtained from coral reef ecosystems, the
most dominant taxon in the gut contents of males was Oscillatoria sp. (IP = 26.34%), while for female
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rabbitfishes the most common food item was Gonatozygon brebissonii (IP = 20.77%). The food items
identified in the guts of sampled Siganus guttatus were generally dominated by phytoplankton taxa, as
would be expected for an herbivorous organism. Rabbitfish classified as herbivores that eat plankton,
moss, algae and seagrass [17]. The same thing was explained that the main food of Rabbitfish was
seagrass, mgaoalgae, and microalgae [18].

Habitat 1s considered eﬂemely important for many (reef) fish species providing nursery-,
foraging- and hiding places. Many types of epifauna are present in the diet. However, the type of food
an organism consumes can also be affected by food availability and environmental conditions. Eating
habits and ways to eat fish naturally cannot be separated from the environment in which fish live [19].
Siganus guttatus is given coconut ae during food changes during the maintenance process when it is
cultivated [20]. In aquaculture, S.guttatus larvae are reared on rotifers, newly hatched brine shrimp
nauplii and arﬁ:ial diet [21]. and although rabbitfish in a natural environment feed of pin algae
both juvenile and adults are primarly herbivorous, exhibit omnivorous feeding habits as a variety of
food items [22]. In gut content study of Siganus guttatus showed that majority feed of zooplankton
and benthic animals According results from the another studies state of the reef fish intestines analysis
of Siganus guttatus content indicate that most fish species prey on zooplankton and as a benthics
organism [23].

4. Conclusion

The Siganus guitatus sampled from coral reef and seagrass ecosystems at the study site comprised a
total of 293 males and 43 females, indicating a male-biased sex ratio for this rabbitfish population. The
gonad maturity level of §. guttatus found in coral reef ecosystems was generally higher than in
seagrass ecosystems. The types of food found in S guttatus guts were dominated by algae/
phytoplankton, in particular Thallassiothrix sp., Oscillatoria sp. and Gonatozyeon brebissonii, but also
Synedra ulna, Nitzschia delicatissima, Calohtrix sp., Prorocentrum compressum, Prorocentrum lima,
and Rhizosolenia sp.
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