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Abstract. The aim of this study was to investigate the effects of monoculture or polyculture of tiger
grouper (Epinephelus fuscoguttatus) and rabbitfish (Siganus canaliculatus) on the growth performance
of tiger grouper in floating net cage (called keramba jaring apung (KJA) in Indonesia). Polyculture
research of tiger grouper and rabbitfish, and monoculture of tiger grouper in floating net cage were
conducted at South Motandoi Village beach in the Gulf of Tomini, South Bolaang Mongondow Regency,
North Sulawesi, Indonesia. Ninety three tiger groupers with an initial average body weight of
72.58+21.17 g/fish and one hundred and eight rabbit fishes with an initial average body weight of
20.36+8.79 g/fish were used on polyculture, whereas ninety three tiger groupers with an initial average
body weight of 73.01+£26.66 g/fish were used on monoculture. The number of treatments of the
research were 2 (i.e. tiger groupers were cultured in KJA polyculture (P) and KJA monoculture (M)
systems) with three replications. The tiger groupers were hand fed with 10-15% fresh trash fish
originated from the anchovies (Stolephorus spp.), and rabbitfishes were fed with 5-10% goldfish pellet
diet. Test fishes were fed two times a day, which were around 08.00-10.00 am., and 04.00-06.00 pm. 6
floating cages made of polyethylene mesh sized 1 inch were used, each measuring 2x2x2 m and filled
with fish density of 5-6 individuals/m?>. The results show that the daily growth rates of tiger grouper and
rabbitfish on polyculture are 1.39% and 1.25% of body weight per day respectively, while the growth
rate of tiger grouper on monoculture is 0.89% of body weight per day, respectively. Feed conversion
ratios of tiger grouper and rabbitfish on polyculture were 6.20 and 4.10, while tiger grouper on
monoculture was 6.10, respectively. The mortality rates of fishes both on polyculture and monoculture
systems during rearing period were 0%. Tiger groupers cultured with rabbitfishes on polyculture (with
the final average body weight of 212.74+£68.64 g/fish) grows faster than tiger groupers cultured on
monoculture (with the final average body weight of 140+41.19 g/fish).
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Introduction. The development of marine aquaculture or mariculture activities has
grown very rapidly in several countries, as well as in Indonesia. Mariculture has become
an important industry in the world along with the high demand for marine fishery
products due to the increase of human population (Holmer et al 2002). Mariculture is one
of the efforts to maximize coastal waters through the culture of fish, shellfish, seaweed,
or other marine biota, which has important economic value. In line with economic growth
and improving human living standards, especially in big cities, the desire to eat high-
quality fresh seafood also increases. This can only be obtained from the cultivation,
where the fish can be marketed alive. Fishes that have been successfully cultured and
quite popular and have high market prices are groupers and rabbitfishes (Philip 1986).
The use of floating net cages for marine aquaculture is one of the most productive
systems for intensive cultivation (Teng & Chua 1980; Outtara et al 2003).

Groupers (Epinephelus spp.) belong to the Serranidae family. Groupers live in
coastal areas, coral and deep sea to a depth of 60 m, leading a solitary life and in nature
they prey fish and crustaceans (Nurdalila et al 2015). Groupers in nature are often found
sheltering among coral reefs, or other submerged objects and ambush prey from their
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hiding positions (Teng & Chua 1979). Groupers are an important marine fish in the
marine culture industry since they are easily bred in captivity. Groupers are highly prized
and sought after since they have a higher market value compared to other marine fishes
(James et al 1999). The fish is widely distributed and can be found in the Atlantic,
Mediterranean and Indo-Pacific region, including the Red Sea (Hseu et al 2007). Grouper
farming appears to have great promise for commercialization, and coastal cage culture
has the potential for sustainable development (Nurdalila et al 2015). The tiger grouper,
Epinephelus fuscoguttatus (Forsskal, 1775) is one of the important fishery commodities
in Asian countries. It is very popular for seafood and is cultured intensive and extensively
in Malaysia, Indonesia and Hong Kong (Teng et al 1978; Liu & Mitcheson 2008; Sugama
et al 2008; Muhammadar et al 2012).

Rabbitfishes (Siganus spp.) belong to the Siganidae family. The siganids are
herbivourous marine fishes which inhibit rocky and weedy areas of the Indo-Pacific area
(Al-Abdessalaam 1995; MAF 2003). Naturally the fish browse on fleshy green algae and
benthic plants, but also accept other types of food provided (Suardi et al 2016). Both the
juveniles and adults are primarily diurnal feeders, feeding almost continuously during the
daytime (Armando et al 1999). In a preliminary study of Paruntu & Rompas (1990), the
authors stated that rabbitfishes bred in floating net cage can take advantages of the
moss or vegetation that stuck in the net as food. Rabbitfishes are clustered, so they can
be cultured in confined places with high density of stocking (Lam 1974). The fact that the
fish possess most of the desirable characteristics for aquaculture has led to the use of
several species to have been tried in many countries for this purpose (Tacon et al 1990;
Yousif et al 1996). The white-spotted rabbitfish, Siganus canaliculatus (Park 1797) is a
common herbivorous fish species of the Siganidae family, widely distributed in the Indo-
Pacific region from the Arabian Gulf to the Indo-Malay region, Western Australia and
North to Hong Kong and Taiwan and can also be found in the Eastern Mediterranean
(Randall 1995; Al-Marzougi 2013; Suardi 2016). S. canaliculatus is well distributed in
coastal waters within depths less than 40 m (Woodland 1984; Al-Qishawe et al 2014).
Rabbitfishes in Indonesia are broadly spread but the distribution of these species is very
limited (Sewajo et al 1981). Siganids are generally regarded as good food fishes in spite
of their relatively small size. Some species have been cultured because of their
herbivorous food habits, rapid growth and economic value. Among other species S.
canaliculatus is a commercially important species (Jaikumar et al 2011).

Based on the behavior of groupers and rabbitfishes in nature and the potential of
both types of fishes in the development of marine aquaculture industry, and which have
important economic values, the two types of fishes can provide the possibility to be
maintained together with polyculture techniques in floating net cages but also providing
effect to the growth performance. The aim of this study is to investigate the effects of
monoculture or polyculture of tiger grouper (Epinephelus fuscoguttatus) and rabbitfish
(Siganus canaliculatus) on the growth performance of tiger grouper in floating net cage.

Material and Method. The research was conducted in the Gulf of Tomini waters, South
Motandoi Village beach, East Pinolosian District, South Bolaang Mongondow Regency,
North Sulawesi Province, Indonesia (Figure 1) for 70 days of rearing period (April-July
2017). Test fishes were obtained from fish farmers in local floating net cages. Tiger
groupers and rabbit fishes were cultured in floating net cages in polyculture and
monoculture systems. Floating net cages are built with rafts made of wooden beams,
wood rep, boards, while buoys are made of styrofoam. Net cages consist of 6 plots and
each plot is equipped with a net cage measuring 2 x 2 x 2 meters, with a submerged
volume of approximate 6 m>. Floating net cages are made of polyethylene with mesh size
of 1 inch. There were 6 floating net cages used in this experiment (Figure 2). The number
of treatments of the research was 2 (i.e., tiger groupers that were cultured in KJA
polyculture (P) and KJA monoculture (M) systems) with three replications. In KIJA
polyculture (P), the tiger grouper E. fuscoguttatus was cultured with rabbitfish S.
canaliculatus while in KJA monoculture (M), only the tiger grouper was cultured. Ninety
three tiger groupers with an initial average body weight of 72.58+21.17 g/fish and one
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hundred and eight rabbitfishes with an initial average body weight of 20.36+8.79 g/fish
were used in KJA polyculture, while ninety three tiger groupers with an initial average
body weight of 73.01+£26.66 g/fish were used in KJA monoculture. Fish densities in the
floating net cages ranged from 5-6 individuals/m?> (Table 1).
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Figure 1. The location of research at South Motandoi Village beach in the Gulf of Tomini,
South Bolaang Mongondow Regency, North Sulawesi, Indonesia.

Figure 2. Construction of floating net cages in the study area.

The tiger groupers were hand fed with 10-15% (of the total body weight) fresh anchovies
(Stolephorus spp.) trash fish. Chemical analyses of the trash fish were made in Research
Center for Industrial Standardization of Manado, Ministry of Industry Republic of
Indonesia (the proximate test result, 04 October 2017): 73.64% water, 2.44% ash,
1.91% fat, 0.01% crude fiber, 19.85% protein, and 2.16% carbohydrates), while the
rabbitfishes were fed with 5-10% (of the total body weight) goldfish pellet (commercial
comfeed ISO 9001:2008 (Indonesia) sinking feed: 12% water, 13% ash, 5% fat, 5.5%
crude fiber, 25% protein, and 2.16% carbohydrates). Test fishes were fed two times a
day, which were around 08:00-10:00 AM, and 04:00-06:00 PM. Feeding was done until
the test fishes would not eat again. To avoid the loss of sinking feed, two 40 x 40 cm
feeding trays were hung in the water column about 1 m above each of the cage bottom.
Each feeding tray was checked for remaining feed prior to the subsequent feed ration.
Observation of the daily growth rate of test fishes was done by weighing the fishes and
the length of the fish body was measured from the tip of the jaw to the tip of the caudal
fin as a total length by using an ordinary ruler with a level of accuracy of 1 mm, entirely
every two weeks.

The water quality parameters (water temperature (°C), salinity (ppt), brightness
(m), dissolved oxygen (ml/l), pH, depth (m), and current velocity (m/s)) were measured
once every two weeks inside the cage at the time of collecting data of fishes growth.
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Temperature, pH, dissolved oxygen, salinity, brightness, depth, and current velocity were
measured using Horiba U-50 Series Water Quality Meters.

Statistical test. To examine whether there are significant differences in body length and
weight of the fishes between tiger groupers that are cultured in KJA polyculture and KJA
monoculture systems a t-test (Excel program) statistical test was performed. Mean values
and standard deviation were generated for each body length and weight every
observation time. Hypothesis (Ho) is accepted if teoune < teapre, While if teoune > teape, then Ho
is rejected (McDonald 2014).

Results and Discussion

Average body length and weight of tiger grouper and rabbitfish. The results of
average body length (ABL) of tiger grouper show (Table 1; Figure 3) that during the 70"-
day of rearing, tiger grouper on polyculture had longer ABL than tiger grouper on
monoculture. The average body length comparison of tiger grouper on polyculture and
those bred on monoculture on days 0, 14, 28, 42, 56 and 70 showed significant
differences (P<0.001). The average body weight (ABW) of tiger grouper is shown in
Table 1 and Figure 3. The results show that tiger grouper on polyculture during the 70
days of rearing has higher values of ABW than tiger grouper on monoculture (P<0.01),
except on day 0 of rearing, when the value of ABW is not significantly different (P>0.05).

Table 1
Average body length and average body weight of test fishes that were measured once
every two weeks in floating net cage with polyculture and monoculture systems

. Floating net
Opservat/on cage sfstem Species Average body Statistics Avergg e body Statistics
time (day) (treatment) length (cm) weight (g)
Tiger 15.15+1.50 (3) t-test: 73.01£26.66 (3) t-test:
Monoculture grouper ok 3.65, | 0.13,
0 Tiger 14.44+1,40 (3) P<0.001, P>0.05,
Polyculture grouper Kk df = 92 72.58+21.17 (3) | df = 92
Rabbit fish 10.39%+1.75 (3) 20.36%8.79 (3)
Monoculture Tiger 15.46+1.64 (3) t-test: 80.45+29.58 (3) t-test:
grouper * -2.13, ** -2.91,
14 Tiger 16.22+2.95 (3) P<0.05, 97.47+46.28 (3) P<0.01,
Polyculture grouper * df = 92 *x df = 92
Rabbit fish 11.53+2.92 (3) 33.61+24.12 (3)
Tiger 15.73+1.41 (3) t-test: 84.41+£24.09 (3) t-test:
Monoculture grouper Kook -7.29, Kook -6.82,
28 Tiger 18.25+2.78 (3) P<0.001, 125.54+56,02 (3) P<0.001,
Polyculture grouper K% df = 92 * k% df = 92
Rabbit fish 12.42+1.82 (3) 34.26+21.79 (3)
Tiger 15.83+2.21 (3) t-test: 86.72+32.06 (3) t-test:
Monoculture grouper ook -7,22, xRk -7.87,
42 Tiger 18.75+2.89 (3) P<0.001, 140.48+56.35 (3) P<0.001,
Polyculture grouper *okx df = 92 *okox df = 92
Rabbit fish 13.19+2.08 (3) 39.34+23.57 (3)
Tiger 17.48+1.38 (3) t-test: 105.38+28.15 (3) t-test:
Monoculture gro%per Kook -8,36, Kook - 8.99,
56 Tiger 20.22+2.64 (3) P< 0.001, 175.59+64,86 (3) P<0.001,
Polyculture grouper Hokx df = 92 Hokox df = 92
Rabbit fish 14.05+1.52 (3) 42.31+19.72 (3)
Tiger 18.62+1.80 (3) t-test: 140.00+41.19 (3) t-test:
Monoculture grouper *kx -7.63, *kx -8.51,
70 Tiger 21.06+2.34 (3) P<0.001, 212.74+68.64 (3) P<0.001,
Polyculture grouper kxok df = 92 *rk df = 92
Rabbit fish 14.26%+1.41 (3) 51.40+£12.93 (3)

The number in the parentheses represents the replications number of each treatment of the test fishes (i.e., KJA
monoculture and KJA polyculture treatments). Thirty one tiger groupers of monoculture, and thirty one tiger groupers
and thirty six rabbit fishes of polyculture were measured to calculate average values for each replication. Only tiger
groupers of monoculture and polyculture were used for body growth comparison of the test fishes based on statistical
test. Asterisks indicate that the values are significantly different from those at other floating net cage system (T test,
*P<0.05, **P<0.01, ***P<0.001). Values are not significantly different at the 0.05 level and share a vertical line.
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Figure 3. Average body length of tiger grouper (E. fuscoguttatus) and rabbitfish (S.
canaliculatus) reared in floating net cage in polyculture (P) and monoculture (M)

systems.
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Figure 4. Average body weight of tiger grouper (E. fuscoguttatus) and rabbitfish (S.
canaliculatus) reared in floating net cage in polyculture (P) and monoculture (M)
systems.

Daily growth rate, food conversion ratio and mortality rate of tiger grouper and
rabbitfish. The results of daily growth rates, feed conversion ratio and mortality rate of
tiger grouper and rabbitfish are shown in Table 2. The tiger grouper on polyculture during
70-days of rearing has the bigger values of daily growth rate and feed conversion ratio
than tiger grouper on monoculture. The data show that during the study period no fish
died in both polyculture and monoculture systems in floating net cages.
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Table 2
Data of growth rate, feed conversion ratio and mortality rates of test fishes on
polyculture and monoculture systems in floating net cage

Treatments
Growth parameters KJA polyculture KJA monoculture
Tiger grouper Rabbitfish Tiger grouper
Daily growth rate (%) 1.39 1.25 0.89
Food conversion ratio 6.20 4.10 6.10
Mortality rate (%) 0 0 0
Fish density (individuals/m?) 5 6 5
Period of rearing (days) 70 70 70
Initial amount of fish (individuals) 93 108 93
Final amount of fish (individuals) 93 108 93
Initial average body length (cm) 14.44+1.40 10.39+£1.75 15.15+1.50
Final average body length (cm) 21.06+2.34 14.26%+1.41 18.62+1.80
Initial average body weight (g) 72.58+21.17 20.36+8.79 73.01+26.66
Total of initial body weight (g) 6750 2198.88 6789.93
Final average body weight (g) 212.74+£68.64 51.40+12.93 140+41.19
Total of final body weight (g) 19877.82 5551.2 13020
Increasement of total body weight (g) 13127.82 3352.32 6230.07
Total of feeding food (g) 81392.48 13744.51 38003.43

Sea water quality. The results of seawater quality measurement during the research at
KJA monoculture and KJA polyculture sites showed that temperature ranged from 29.94-
30.20°C, pH 7.2-8.1, dissolved oxygen (DO) 4.71-6.73 ppm, salinity 29.2-33.1%o,
brightness 5.1-7.1 m, a depth of 7.4-8.9 m, and a current velocity of 15.2-31.1 cm/s
(Table 3). The data of dissolved oxygen showed lower values at KJA monoculture site
than KJA polyculture site (Table 3).

Table 3
The water quality parameters at KJA monoculture and KJA polyculture sites
Water quality parameters KJA monoculture site KJA polyculture site
Depth (m) 7.6-8.5 7.4-8.9
Temperature (°C) 29.94-30.20 29.80-30.16
pH 7.2-8.0 7.4-8.1
Brightness (m) 5.1-6.5 5.5-7.1
Dissolved oxygen (ppm) 4.,71-5.89 5.52-6.73
Current velocity (cm/s) 15.2-30.5 16.1-31.1
Salinity (%o) 29.2-32.3 29.5-33.1

Discussion. The results of this study indicate that tiger groupers cultured with
rabbitfishes on polyculture grow faster than tiger groupers cultured on monoculture
(Table 1 & 2; Figure 3 & 4). In a preliminary similar study of Paruntu & Rompas (1990)
the authors showed that the daily growth rate of groupers (E. tauvina) on polyculture is
greater than those on monoculture in floating net cages. Effendie (1978) stated that the
growth of fish is influenced by genetic factors, behavior and feeding habits. Lilis (1988)
stated that the behavior and feeding habit of fish are factors that affect growth. The
difference in daily growth rates between the tiger grouper on polyculture and tiger
grouper on monoculture in floating net cages are thought to be related to the behavior
and feeding habit of groupers in nature. Groupers are often found sheltering among coral
reefs or other submerged objects and ambush prey from their hiding positions (Teng &
Chua 1979). Observation under KJA condition showed that the feeding habit of tiger
grouper on monoculture was inhibited because there was no hiding place to shelter and
ambush prey, whereas tiger grouper on polyculture used rabbitfish feeding place as a
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hiding place to take shelter and catch prey like their feeding habits in nature.
Furthermore, herbivorous rabbitfish on polyculture could utilize grass and moss attached
to the floating net cage, so the cage condition was clean and water circulation in floating
net cage was good, resulting in increased fish appetite and affected the growth of tiger
grouper. In contrast, the cage condition on monoculture, without rabbitfish, looked very
dirty, because of the accumulation of feed remains and metabolism results, resulting in
the process of decomposition and causing unpleasant odors, which in turn would hamper
the process of eating and affected the growth of tiger groupers. Slamet (1989) stated
that if the water flow in the floating net cage is too small, the dissolved oxygen
concentration will rapidly decline and this will further affect the growth of the fish.
Furthermore, fouling on the net of the cage will rapidly take place during the rearing
period, thus covering the net eye and inhibiting the water flow which eventually leads to
accumulation of metabolic remnants in the net and increases dissolved oxygen demands.
Behavior of rabbitfish that are always active to eat in KJA can also affect the appetite
level of tiger grouper. Paruntu & Rompas (1990) have observed that grouper (E. tauvina)
appetite level increased when cultured with rabbitfish in KJA. Fishes in floating net cages
usually release energy in relatively large proportions to maintain its position in a floating
net cage against continuous streams of water flowing through the net, as well as the
result of penetration of sunlight that can increase the water temperature (Slamet 1989).
Lilis (1988) stated that if hiding places are provided and fishes are hidden, some of the
fish energy can be used for growth. The feeding place of rabbitfish was used as a hiding
place for tiger grouper, while on monoculture there was no hiding place for tiger grouper.
The same behavior has been observed in E. tauvina groupers in study of Paruntu &
Rompas (1990). Differences in the growth rates of tiger grouper on polyculture and
monoculture systems are assumed to relate with the hiding places. However, only parts
of the tiger groupers utilized rabbitfish feeding place as a hiding place to take the shelter
and catch prey and some of them were at the bottom of the cage or on the bottom side
of the cage as they catch the prey.

The research results indicated that the feed conversion ratio of tiger groupers on
polyculture is greater than that of tiger groupers on monoculture. The monoculture
grouper used 6.1 grams of feed to increase in body weight with 1 gram, whereas the
polycultured grouper used 6.2 grams of feed to increase with the same amount of
weight. This may be related to the increased appetite and the digestibility value of tiger
grouper on polyculture. Teng and Chua (1980) stated that the food conversion ratio to
the culture of groupers in floating net cages is influenced by the quality of the aquatic
environment. The quality of the aquatic environment in the KJA polyculture shows a
better condition than the KJA monoculture, which is characterized by KIJA polyculture
having a cleaner net condition (due to the use of grass and mosses attached to floating
net cage by the polycultured rabbitfish) and higher dissolved oxygen values than KIJA
monoculture. The better water quality in KJA polyculture may affect the increased
appetite in the polyculture tiger grouper. Haryanto et al (2014) stated that the feed
conversion ratio and feed efficiency is closely related to digestibility values that describe
the percentage of nutrients that the fish body absorbs. The greater the digestibility value
of a feed is, the more nutrients from feed are used for fish growth.

The data showed that during the study no fish dies in both polyculture and
monoculture systems in floating net cages. Fish density influences the mortality rates of
fish in floating net cages; some studies have found that fish mortality is higher in high
fish densities (Teng & Chua 1979, 1980). Lilis (1988) stated that the optimal density of
fish in floating net cage is 60 individuals/m3. In this study the densities of fish for
polyculture and monoculture systems are relatively very low, i.e. only 5-6 individuals/m?.

Water quality affects the survival and fish growth, because water is a medium of
transporting metabolites and oxygen (Boyd 2000). The results of seawater quality
measurement during this research are within the non-hazardous range of fish life, as
those are within the ranges recommended by Yokohawa (1982), Antoro et al (1999),
Aslianti & Priyono (2009), and Anonimous (2004), except the dissolved oxygen values at
KJA monoculture site were lower than the ranges recommended by them are present.
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Conclusions. The rate of daily growth of tiger grouper cultured with rabbitfish in
polyculture is faster than in monoculture system, the feed conversion ratio of tiger
grouper on polyculture is higher than in monoculture, and no fish died during the
research period. However, further research needs to be done to find out more about the
value of tiger grouper feed conversion ratio that is relatively higher in polyculture than in
monoculture. The research of tiger grouper bred in polyculture with rabbitfish in KJA is
suggested to be a superior mariculture model to be economically, efficiently and
effectively applied by the fish farmers in Indonesia in order to improve the economy.
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