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ABSTRACT 

A study on the ecology and fecundity of puffer fish, Xenopterus naritus, from the family of 
Tetraodontidae, was carried out in Batang Saribas, at five selected stations; Kampung Supa, 
Tanjung Keranji, Kampung Manggut, Tanjung Baring, and Kampung Serembang. Congregation 
of puffer fish is mainly due to spawning activities. Fish samples were analyzed with regard to the 
relationship between different indices of gonads and body size. Evidence of spawning includes 
the existence of eggs in ovaries in females and matured sperm in males. Gonadosomatic index for 
females (30.9 %) is relatively higher than male (5.24 %). The puffers are yellowish in colour, 
with significantly larger female compared to male puffers. Total length in males and females 
increased with increasing body weights. Fecundity is higher in females with larger volume of 
ovary. The average number of eggs is 8855 ± 3764. It was observed that puffers with heavier 
body weight contain either heavier gonads or heavier liver weights. 

Keywords: Tetraodontidae, Xenopterus naritus, ecology, gonads, fecundity. 

ABSTRAK 

Kajian mengenai ekologi dan bilangan telur telah dijalankan keatas ikan buntal, Xenopterus 
naritus, daripada famili Tetraodontidae di Batang Saribas di lima stesen; Kampung Supa, 
Tanjung Keranji, Kampung Manggut, Tanjung Baring dan Kampung Serembang. Faktor utama 
kongregasi ikan buntal adalah kerana aktiviti pembiakan. Analisis sampel ikan melibatkan 
hubungan diantara ukuran bahagian tertentu dalam organ pembiakan dengan saiz badan. Bukti 
musim pembiakan merangkumi kehadiran telur dalam ovari betina dan sperma matang dalam 
jantan. Indeks gonadosomatik untuk betina ialah 30.9 % dan secara relatifnya lebih tinggi 
daripada jantan, (5.24 %). Ikan buntal adalah berwarna kekuningan, dengan ikan betina secara 
signifikannya lebih besar berbanding ikan jantan. Panjang total bagi jantan dan betina 
bertambah dengan pertambahan berat badan. Bilangan telur adalah tinggi dalam isipadu ovari 
yang tinggi. Purata bilangan telur ialah 8855 :t 3764. Seterusnya, berat badan ikan yang tinggi 
mengandungi sama ada gonad atau hati yang berat. 

Kala kunci: Tetraodontidae, Xenopterus naritus, ekologi, gonad, bilangan telur. 
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INTRODUCTION 


Puffer fish species or 'Ikan Buntal Kuning' in local dialect, congregated in large numbers 

in the waters of Kampung Manggut, Batang Saribas in the Betong district of Sarawak between 

July and September annually. This tropical puffer fish species is under the family of 

Tetraodontidae, division of teleostei, and order of tetraodontiformes. Under this order, there are 

about 9 families with approximately 100 genera and 339 extent species (Nelson, 1994). In 

Sarawak, 21 species from 3 families have been recorded (Kana, 2002). According to local 

information, the group of puffer fishes consisted of individuals of various sizes. 

Ecology can be defined as the scientific study of the interactions between organisms and 

their environments (Campbell et ai., 1999). Puffer fish live in marine habitat with several 

entering and occurring in brackish and freshwater; tropical and subtropical; Atlantic, Indian and 

Pacific (Nelson, 1994). In Sarawak, the fish is found in abundance in coastal, estuaries and 

brackish water particularly between Sematan and Tanjung Sirik and in estuaries of Batang Lupar, 

Batang Saribas, Sg. Krian, and Batang Sadong (Kana, 2002). 

The puffer fish has thick leathery skin without scales, but consist of tiny spines that are set 

deeply in the pores. These spines are not visible when they are calm, but when they sense danger, 

these spines will appear. The stomach of some tetraodontiformes is highly modified to allow 

inflation to an enormous size (Nelson, 1994). According to Burgesset al. (1988), the puffers have 

the ability to inflate themselves (with water or air depending on where they are) into a balloon

like sbape when disturbed, a defense mechanism apparently helping to prevent them from being 

eaten. The body will swell and the spines will rise so that the predators are not able to swallow 

them. They are able to have tremendous expansion since they have no ribs or pelvic bones and to 

contn I the expansion they have specialized skin muscles. 
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According to Bone et al. (1995), the body shape for puffer fish is globular. The jaws 

consist of four fused teeths, where a median suture separates two teeth in each jaws. The teeths 

are useful to break up the hard shell of their preys, as they feed on small size molluscs, such as 

crabs, snails, clams, and sea urchins. This species has a single dorsal fin that opposited the anal 

fin with 7-18 soft rays. The puffers are agile swimmers, but they are highly maneuverable. 

Swimming is accomplished by moving the caudal, pectoral, dorsal and anal fins (Burgess and 

Axelrod, 1972). 

The puffer fish is known to produce a neurotoxin called the tetradotoxin, which is 13 

times stronger than potassium cyanide (Bardach et al., 1972). In this puffer fish species, viscera is 

the most poisonous part that contains the tetradotoxin and has to be removed before the fish was 

prepared as delicacies. An example of delicacy is the Japanesefugu delicacy in Japan, a dish that 

can be prepared only by trained and licensed chefs, because the slip of a knife can poison the 

food (Anon, 2003). This substance is extremely toxic, even in low quantities. All other portions 

such as muscle, skin, fin and testis, which are commonly edible are non-toxic (Shin et al., 1998). 

Study of the puffer fish's ecology in Kampung Manggut has been not carried out. Thus, 

this study was carried out to determine the size distribution among the population of the puffer 

fishes, to identify the species, as well as to investigate the ecological and biological aspects of the 

puffer fish species. Through information gained from this study, it is hoped that it will be useful 

as guidance and reference for future studies as well as to conserve this species from the brink of 

extinction in Sarawak. 
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MATERIALS AND METHODS 

Study Area 

Kampung Manggut is situated in the area of Batang Saribas basin in Spaoh, Betong 

District of Sarawak. Batang Saribas is one of the main rivers in Sarawak, and the distance from 

Kuala Saribas until Kampung Manggut is approximately SO km. Along Batang Saribas, S study 

sites were selected. These S sites were Kampung Supa (STl) located at 01 °30.64S'N, 

111°1S.126'E; Tanjung Keranji (ST2) located at 01°30.S29'N, Ill o 19.S9S'E; Tanjung Matu 

(STI) near Kampung Manggut located at 01°30.431'N, 111°21.S27'E; Tanjung Baring (ST4) 

located at Or30.31S'N, 111°22.S6S'E; and Kampung Serembang (STS) located at 01°4S.029'N, 

111°39.041'E (Figure 1). The interval between each station is approximately one kilometer. 

Fish Sampling 

Fish sampling was carried out on the 22nd and 23rd of August 2003. There were S sites 

chosen for puffer fish sampling, starting from the river mouth or downstream, which were 

Tanjung Nangka near Kampung Supa, Tanjung Keranji and Tanjung Matu near Kampung 

Manggut to the upstream which were Tanjung Baring and Kampung Serembang. In this study, a 

few fishing methods were used. One of the most effective method is the 3-layered net or locally 

known as 'Pukat 3-lapis'. This net is made of 3 types of nets with different mesh sizes, which are 

combined together. The first layer is made of 3.S em mesh size; the second layer is made of 2.S 

cm mesh size; and the third layer is made of 10 em mesh size. The width of this net is about 2.4 m 

and the length ranged from SOO m - 1000 m. The 3-layered net was used at Tanjung Nangka, 
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Figure 1. Map of Batang Saribas and location of Kampung Manggut. 
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Kampung Supa until Tanjung Matu, and Tanjung Keranji of Kampung Manggut. 

Other traditional fishing methods used were 'nyagang', scoop net or 'nanggok', and 

portable net or 'membubu'. These methods were used traditionally to catch puffer fishes. 

'Nyagang' used shark meat as bait, which was tied with wire or rattan, while a stone was used as 

weight tied with a long rope to the boat. The bait was lowered into the water, and when there was 

a slight movement, the bait was brought to the surface and puffers that followed the bait were 

captured by scoop net. Another method employed was 'nanggok' which is slightly a larger scoop 

net made of rattan with a diameter of 0.9 m - 1.2 m. It was lowered into the river and tied on one 

end of a pole, and the puffers were trapped and harvested. 'Membubu' or portable trap is made of 

small sticks of bamboo or rattan and it is round in shape. The trap was lowered into the river, tied 

with a rope, and bait was used to attract the puffers. Samples of puffers were also obtained from 

the local fishermen, where fishes were sold at RM1 for the bigger size and RMO.20 for smaller 

size. 

In-situ Measurements 

Species identification was done with reference to Marine Fisheries Department of 

Sarawak. Samples of puffer fishes were counted and divided according to sizes. 200 samples 

were taken for this study. Fish samples for productivity studies were enumerated, measured, and 

weighed (Bagenal, 1970). The wet weights of body weight were recorded to the nearest 0.01 g on 

electronic scale. Standard length and total length of each were measured using a measuring board 

scaled ranging from 1 mm - 1000 mm. Standard length was measured from the upper lip to the 

caudal peduncle, and total length was measured from the lower lip to the caudal fin (Figure 2). 

Dat were recorded to the nearest 0.1 cm. Samples were dissected in curvy shape at its ventral. 
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100 male puffers and 100 female puffers samples were collected and analyzed. Individuals with 

missing appendages were excluded from statistical analysis (Pinho et ai., 2001). 22 female 

puffers were excluded due to the absent of eggs. The wet weights of the liver, ovary, and testis 

were recorded to the nearest 0.01 g on microelectronic scale. Genders of the puffers were 

identified according to samples that contained either the ovary or the testis. The liver, ovary, and 

testis were preserved in 10 % formaldehyde for laboratory analysis. After 48 hours, the samples 

were preserved in 70 % ethanol. 

r--------SL------

b 

~--------TL --------~-

Figure 2. Measurement of fish; SL = Standard length; TL = Total length; a=lower lip; 

b= caudal fin; c= upper lip; d= caudal peduncle; e= pectoral fin; f=anaJ fin. 


Laboratory Analysis 

Diameter and length of each preserved ovary were measured with a ruler scaled ranging 

from 10 mm - 150 mm and recorded to the nearest 0.01 cm. The volume of each ovary was 

measured u iog a bicre and water as marker point. 5 ml of eggs were taken from one side of the 

ovary and the fecundity was counted and recorded. Sizes of each egg was measured under 

dissecting microscope using scaled lens (Nikon CFWE lOx/ 18), in which 10 parts of the scale on 

the lens is equivalent to 3 mm. For each batch of ovary, ten eggs were measured. The average 
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size of one egg was calculated and recorded. The diameter and length of each preserved testis was 

measured using a ruler ranging from 10 mm - 150 mm and recorded to the nearest 0.1 mm. 

The weights of the ovaries and testis were used to determine the gonadosomatic index 

(GSI). Gonadosomatic index (GSI) was calculated by dividing gonad weight (ovary in females 

and testis in males) by total wet weight (Pinho et at., 2001). 

Spawning behaviours were observed and relevant information was obtained from local 

fishermen. 

Gonadosomatic index (GSI) : 

For female fish: 

Weight of ovary (g) x 100 

Body weight (g) 


For male fish: 

Weight of testes (g) x 100 

Body weight (g) 


Data Analysis 

Data of all the measurements recorded and calculated from 100 male samples and 88 

female samples were analyzed with linear regression analysis of Microsoft Excel Data. Analysis 

and data were also plotted on XY (Scatter) graph. 

The relationship between male and female puffers of standard lengths, total lengths, body 

weights and liver weights were analyzed with 'Paired-Samples T-Test' of SPSS Version 11.0. A 

total of 88 samples of male and 88 samples of female puffers were analyzed with T-Test analysis. 
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RESULTS 

Species Identification and Measurements 

The puffer fish species was identified asXenopterus naritus, which is under the family of 

Tetraodontidae. The puffers are pale yellowish to greenish in color, scales are absent and hidden 

spines near its ventral (Figure I, in Appendix). Fish samples were mostly captured in between 

Tanjung Matu near Kampung Manggut and Tanjung Nangka near Kampung Supa. 

Gonad Analysis 

The puffers congregated at Kampung Manggut due to spawning activities. There were 

strong evidence of spawning due to the existence of ovary found in all the female samples and 

mature sperm in the male samples. In female samples (Table 1), the average OIary diameter was 

2.74 ± 0.51 cm while the average ovary length was 6.87 ± 1.02 cm. Apart from that, the average 

volume of eggs was 67.58 ± 28.89 ml while the number of eggs was 8855 ± 3764. The average 

size of eggs was 2.67 ± 0.14 mm. 

In the male samples (Table 1), the gonad measurements differed from the females, where 

the average testis diameter was 0.61 ± 0.11 cm and testis length was 1.39 ± 0.23 cm. 
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Table 1 : Average values for ovary diameter, ovary length, volume of eggs, number of eggs, 
size of eggs, testis diameter, and testis length. 

Sex Ovary 
diameter 

(em) 

Ovary 
length (em) 

Volume of 
eggs (ml) 

Number of 
eggs 

Size of 
eggs 
(mm) 

Female 2.74 ± 0.51 6.87 ± 1.02 67.58 ± 28.89 8855 ± 3764 I 2.67 ± 
0.14 

Testis 
diameter 

(em) 

Testis 
length (em) 

I I 

Male 0.61±0.11 1.39 ± 0.23 

For female puffers, the highest GSI was 30.9 % and for male puffers, the highest GSI was 

5.24 % (Figure 3). 

35 
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Figure 3. Comparison between gonadosomatic index (GSI) in both male and female puffers . 
• Male, Female. 
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Spawning Behaviour 

Spawning behaviour involved about 5 - 6 males and a single female. These males bit and 

held on to the ventral area of the single female. The female happened to lopsided its body on the 

water surface and released its eggs into the water. This process lasted about 10 minutes and 

fertilization occurred for about 20 minutes after the males were aroused and released their 

sperms, which was whitish in color. Sometimes, there could be 3 or 4 females with 5 to 6 males 

biting on each of the females. During spawning, the female produced high frequency sound, 

which aroused the males and released its sperms. At the same time, the females released its eggs. 

Spawning occurred in specific area with sandy bottom and was observed between Tanjung Matu, 

Kampung Manggut, Tanjung Nangka, and Kampung Supa. 

Analysis of Paired-Sampled T -Test 

Male puffers were significantly smaller than female (P=O.OOOI). The standard length for 

male was 14.46 ± 1.58 cm while for female it was slightly larger compared to the male, (23.88± 

1.8 cm). Male were also significantly lighter than female (P=O.OOOI). The average of male body 

weights was 87.4 ± 29.52 g, while for female it was 476.94 ± 121.04 g. 

Regression Analysis 

Comparison Between Male and Female Puffers 

There were positive regressions between total length and body weight for male and 

female puffers (Figure 4A) represented by y= 0.0527x + 11.949 and R2 = 0.6706 for male, and y= 

o 132x + 20.451 and R2 = 0.6129 for female. However, analysis of T-test showed that the total 
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length for male puffers was significantly shorter than female puffers (P=0.0001). The total length 

for male was 16.56 ± 1.9 cm while for female it was 26.74 ± 2.04 cm. 

There were positive regressions between liver weight and body weight for male and 

female (Figure 4B). It was represented by y= 0.0256x + 0.3716 and R2= 0.4364 for male graph 

and y= 0.0572x - 8.2622 and R2 = 0.3248 for female. Analysis of T-test showed that the liver 

weight for male puffers was significantly lighter than female puffers (P=OJ)001). The liver 

weight for male was 2.59 ± 1.18 g while for female it was 19.03 ± 12.15 g. 

There were positive regressions between gonad weight (testis and ovary) and body weight 

of male and female puffers (Figure 4C) represented by a weak regression of y= 0.0054x + 0.3185 

and R2 = 0.3737 for male and y= 0.1833x - 17.848 and R2 = 0.5114 for female. The average 

weight of testis was 0.8 ± 0.26 g, while for ovary it was 69.57 ± 31.02 g. 

Economical Value 

The puffer fishes are also known to have economical value. They are consumed for food 

and commercially sold by the villagers to outsiders as source of income. The fresh fishes are sold 

at RM3 per kilogram for smaller size and RM1 per fish for bigger size. The puffer fishes are 

freshly prepared and cooked, salted and dried, or fermented. The salty dried egg is a delicacy and 

can fetch a very good price at more than RM30.00 per kilogram (Kana, 2(02). The State 

Government of Sarawak had launched the Puffer Fish Festival at Kampung Manggut, Betong 

starting from the year 2002. 
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Male PutTers 

In Figure 5A, it was observed that the plots were scattered in most area. There was a weak 

regression between testis weight and body weight represented by y= 0.0054x + 0.3251 and If = 

0.3626. 

It was observed that the plots were scattered mostly at the regression trend line with few 

outliner plots (Figure 5B). There was a positive regression where the total length increased with 

the body weight, which was represented by y= 0.0527x + 11.949 and R2 = 0.6706. 

In Figure 5C, it was observed that the plots were scattered. There was a positive 

regression where lhe liver weight increased with the body weight. The graph was represented by 

y= 0.0274x + 0.2014 and R2 = 0.4659. 

In Figure 6A, it was observed that the plots were widely scattered. There was an obvious 

weak regression between testis length and body weight represented by y= 0.0032x + 1.1062 and 

R2 = 0.1673. 

It was observed that the plots were scattered in Figure 6B. This graph exhibited a weak 

regression where the testis diameter slightly increased with body weight represented by y= 

0.0021x +0.4274 and RZ = 0.2943. 

From Figure 6C, it was observed that the plots were widely scattered. This graph revealed 

a weak regression where the testis diameter slightly increased with testis length and was 

represented by y= 0.2073x + 0.3232 and R2 = 0.1788. 
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Female Puffers 

It was observed that the plots were scattered and revealed a positive regression where 

Dumber of eggs increased with body weight (Figure 7 A). The graph was represented by y= 

20.515-929.78 and R2 = 0.4353. 

From Figure 7B, a positive regression was exhibited where the ovary weight increased 

with body weight. The graph was represented by y= 0.1833x -17.848 and R2 = 0.5114. 

There was a positive regression between total length and body weight in Figure 7C. The 

graph was represented by Y== 0.0132x + 20.451 and R2 = 0.6129. 

From Figure 8A, it was observed that the plots were scattered. There was a weak 

regression between liver weight and body weight. The graph was represented by y= 0.0572x

8.2622 and R2 = 0.3248. 

From Figure 8B, there was no clear relationship between size of eggs and the number of 

eggs (y= IE - 05x + 2.5718 and R2 = 0.082). This indicates that the size of the eggs were similar 

among different females. 

It was observed that there was a weak regression between the ovary diameter and ovary 

length, represented by y= 0.3014x + 0.6659 and R2 == 0.3616 (Figure 8e). 

There was a linear regression between volume of eggs and body weight in Figure 9A. The 

Jtaph was represented by Y== 0.1682x -12.644 and R2 = 0.4965. 

Figure 9B, shows that there was a strong regression between volume of ovary and number 

egp. The graph was represented by y= 0.0074x + 2.3396 and R2 = 0.921. 

There was no relationship between the volume of the ovary and the size of the eggs 

--9C),represented by y= 67.878x-113.38 and R2= 0.1077. 
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DISCUSSION 

Xenopterus naritus, or yellow puffer fish as is known 10caUy were found in abundant as 

they migrated along Batang Saribas. According to Jenning et al. (2001), an example of a 

migration would be repeated movement between spawning and feeding ground. In Batang 

Saribas, the reason of migration of Xenopterus naritus was due to breeding site and spawning 

season. The most likely sites of spawning is the sandy bottom of Tanjung Matu, Kampung 

Manggut and Tanjung Nangka. To have an efficient spawning act, the puffers in Batang Saribas 

would have also considered food availability and temperature, in which according to Wootton 

(1992), these factors are often the most important environmental identities. 

Spawning season for X naritus in Batang Saribas occurred from March and ended in 

October annually. During the spawning season, the puffers congregated in the middle of the 

month, which is during the lunar tide and at the end of the month that is during the equinox tide. 

Aa:ording to Coull (1993), with the limited annual temperature fluctuations in the tropics, 

apawuing may occur several times a year, and the timing of spawning can be related to the phases 

moon, which can explain the cycle of spawning seasons for X naritus in Batang Saribas. 

that lay their eggs in the intertidal zone may have times of spawning related to the lunar 

e, because of the relationship between that cycle and the tidal cycle (Wootton, 1990). 

AccudiDI2 to Jobling (1995), a spawning period involves final maturation and ripening of the 

IIDlek:S where this phase culminates in the spawning act with the release of gametes and 

!lrjlimtion of the eggs. 

Gooadosomatic index for female puffers were relatively higher than the male puffers. 

1AlQrdiJ1lg to Helfman et al. (1997), GSIs for males are generally much smaller than for females, 

the lower effort directly expended in reproduction in males of many fish species. Not 
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surprisingly, GSI values generally reach their maxima just before spawning (Page, 1983; 

OOUon, 1990 and Kamler, 1991). 

Puffers (Teleostei : Tetraodontidae) are rigid bodied, median and paired in (Blake, 1983 

and Webb, 1984; 1994). Body shapes of puffers are close to prolate spheroids when they are at 

and swimming at slow speeds (Gordon et ai., 1996). From this study, obvious evidence 

eel that the female puffers were significantly larger than male puffers. In most fishes with 

IIUW1l differences in size, H is the female that is larger or at least achieves a larger size (Moyle 

lid Cech, 2000). Apart from that, both females and males increased in body weight as they 

iDcreased in length. In the analysis of comparison between the male and female liver weight, the 

.,male's liver was weakly regressed with body weight. Heavier body weight did not bear heavy 

liver, but indices such as a heavy ovary, could affect the body weight. Internally, of course, the 

of most fishes can be easily distinguished by examination of gonads, at least during the 

appear in an individual (Helfman et aI., 1997). 

During the spawning season, the testes are smooth, white structures that rarely account for 

than 12 % of the weight of a fish, while the ovaries are large yellowish structures, granular 

I;III~lfBIlce, that may be 30 % to 70 % of a fish weight (Moyle and Cech, 2000), and these can 

ed in the yellow puffers in Batang Saribas. Both the testes of males and the ovaries of 

"Ilks are typically paired structures that are suspended by mesenteries across the roof of the 

cavity, in close association with the kidneys (Moyle and Cech, 2000). However, analysis 

_an gonad weights and body weights shows a positive median regression in female 

.:atiltg that large body contained large pair of ovary. In male puffers, there was a weak 

••mshowing that the males might have similar body weights, but with different gonad 
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