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Abstract. This study aimed to investigate the reproductive biology of Indian mackerel Rastreliger 
kanagurta in Makassar waters. Sample collection was conducted from March to October 2017. 
Gonadosomatic Index (GSI) was analyzed based on the comparison between gonad weight and body 
weight of Indian mackerel, while gravimetric method was applied for fecundity. The result showed the 
gonad maturity of Indian mackerel in Makassar coastal waters occurred throughout the year with the 
peak between July and August in which GSI was between 0.306 and 2.481. The first size of mature 
gonad in both female and male Indian mackerel was 21.02 and 21.19 cm respectively. After reaching the 
peak stage of gonad maturity, spawning occurred. However, GSI was gradually decreasing one month 
later. Total fecundity of Indian mackerel was between 21.420 and 50.592 eggs.  
Key Words: gonad index, spawning, fecundity, Rastreliger kanagurta, Makassar waters. 

 
 
Introduction. Indian mackerel Rastreliger kanagurta (Cuvier, 1816) is one of the 
common pelagic fish which is found abundant in Indo-West Pacific region and Indian 
waters (Collette et al 2011). This fish has been known as one of sought-after commercial 
fisheries species in Indonesia. It can be marketed in the form of dried salted, fresh, 
canned, smoked and frozen (Collette 2001).   

A number of different fishing gears are used to catch Indian mackerel including 
drift nets, gill-nets, cast, purse-seines, fish corals (Al-Abdessalaam 1995). However, the 
trawl has been widely used in fishing activities due to its effectiveness. Consequently, 
combination and mixed size structure of Indian mackerel is often found in fish landing 
places and the local market. Fishing status of Indian mackerel has been reported at 
overexploited level (Rohit & Gupta 2004). Current status of wild population for Indian 
mackerel declined from 23.590.20 tons to 16.340.65 tons between 2007 and 2014 
(Marine and Fisheries Department of South Sulawesi 2015). Thus, a comprehensive 
knowledge base on the reproductive biology aspect of particular fish is required in 
providing scientific advices for fisheries management in the near future (Begg et al 1999; 
Morgan 2008). 

Few documented studies of Indian mackerel have been reported, including studies 
on its reproductive biology. Indian mackerel in the Mahout seas of Arabia produced 
64.024-151.844 eggs while North Aceh produced between 300.000 and 520.000 eggs 
(Hariati & Fauzi 2011; Zaki et al 2016). Reproductive characters set of each species is 
unique, including its spawning pattern, duration and gamete development (Bhendarkar et 
al 2013). This is highly influenced by the environmental variations over the year (Zaki et 
al 2016). Furthermore, the spawning periods for Indian mackerel is restricted between 4 
and 6 months. The Indian mackerel in Kakinada waters has maximum growth of 286 
mm, growth rate of 1.89 per year, natural mortality of 2.61, capture mortality of 2.08 
and total mortality of 4.06 and sustainable production of 2239 tons (Abdussamad et al 
2006). 
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The percentage of gonadosomatic index (GSI) of Indian mackerel in North Java 
range from 0.49 to 6.98% (Zamroni et al 2008). However, Octaviani et al (2014) found 
that GSI of females and males of Indian mackerel in the waters of West Papua ranged 
between 38.80 and 30.70% respectively. Moreover, two spawning peaks were observed 
in the western of Aceh water (January-March and July-October). The GI ranged from 0.32 
to 3.37% while the fecundity ranged from 28,542 to 123,760 eggs (Arrafi et al 2016). 
Furthermore, the biological potential sustainablity of Indian mackerel reached 2,293,808 
kg with utilization rate about 85.59% (Tamti & Hafid 2016). Gonad maturity occurred 
throughout the year and the peaks between July and August (Kasmi et al 2017). 
Nevertheless, it gradually declined a month later. Moreover, the GSI ranged from 0.928 
to 4.490% with length of female and male Indian mackerel when they attained first 
sexual maturity was 21.18 cm and 21.31 cm, respectively. The total fecundity of Indian 
mackerel was 11,235-40,878 eggs.   

Even though Indian mackerel is locally found and commercially important in the 
Makassar waters, South Sulawesi, little information is available about its reproductive 
biology which is important for its future management and policy. Therefore, this study 
aimed to investigate the reproductive biology of Indian mackerel Indian mackerel in 
coastal waters of Makassar.  
 
Material and Method. The study was conducted in fishing ground of Indian mackerel of 
Makassar waters, South Sulawesi Indonesia for eight months from March to October 
2015 (Figure 1). Sampling collection was performed at first and third weeks for each 
month at fish landing and direct observation on fishing vessel in fishing ground between 
March, June and September to determine the location of the capture. Hand line was used 
as fishing gear with hook size 10/0 and 12/0. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Fishing grounds of Indian mackerel in the coastal waters of Makassar. 
 
Fish samples. The fish samples consisted of 597 female and 572 male of Indian 
mackerel.  
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Length and weight measurements. The total length (TL) of the fish was used for data 
collection. The fish was firstly placed in the buckets and direct observation was 
performed. A ruler with a precision of 0.1 cm was used to measure the total length of all 
fish. Sartorius digital balance with 0.01 g precision was used to obtain the initial whole 
fish weight, while the fish was dissected to take the gonad out. The gonad was weighed 
with Sartorius digital balance with 0.001 g precision.   
 
Gonadosomatic index. GSI and fecundity were observed at the Laboratory of Fisheries 
Biology, Agricultural Polytechnic State of Pangkep. The gonad morphology of Indian 
mackerel was observed macroscopically with five stages: immature (stage I), maturing 
(stage II), nearly ripe (stage III), ripe (stage IV), spawning (stage V). GSI was observed 
at stages from III to V (Effendie 2002). In addition, the stages III and IV were classified 
into the mature stages while stage V was categorized into spawning stage.  

The length at first gonad maturity for male and female was at stages III and IV 
which were randomly taken from total sample. One hundred forty four (144) samples of 
Indian mackerel were used in the study (72 females and 72 males). GSI was calculated 
based on formula below:  
 

Gonad weight (g) 
GSI = Total body weight (g) x 100 

 
The maturity was analyzed according to Udupe (1986): 
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At 95% confidence level was applied with following formula: 
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Where: Log m = logarithm of length of fish at first sexual maturity; 
   Xk = logarithm of mean value of 100% mature gonad; 
  X = logarithm of adding length of mean value; 

 pi = number of  mature gonad in length to - i with number of fish in the length    
interval to – i; 

  qi = 1-pi; 
  ni = number of fish in length to – i; 
  m = length of fish at first gonad maturity as much as antilog m. 
   
Fecundity. The fecundity of female Indian mackerel was observed at stages III and V. 
The subsamples were also taken in the anterior, middle (median) and back (posterior) 
side and placed in the sample bottle which contained the Gilson solution and soaked for 
one month. Furthermore, the number of eggs was counted a month later. 

The fecundity of female Indian mackerel was sampled for monthly observation. 
Nine fish samples were taken from female population, which consisted of 3 gonad stages 
III, IV and V respectively. The total fecundity was estimated by gravimetric method 
(Effendie 1979). Subsample taken was 0.01 g of total gonad weight and calculated using 
following formula: 

 
 
 

Where: F = total fecundity; 
  Q = total gonad weight (g); 
  q = gonad subsample weight (g); 
  n = number of eggs in gonad subsample.    
 
Data analysis.The data collected was computed and statistically analyzed using 
Microsoft Excel 2010. 
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q
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Results and Discussion. In the present study, the total samples were 1169 fish which 
consisted of 597 female and 572 male fish. The TL and weight  of female fish ranged from 
16.6 to 23.7 cm and 35.12 to 211.02 g, respectively. While the TL and weight of male 
fish ranged from 17.3 to 24.1 cm and 35.21 to 210.26 g, respectively (Figure 2). 
 

Figure 2. Total length and weight distributions of males and females of Indian mackerel 
from March to August 2015. 

 
Figure 3 illustrates the development of gonad maturity of Indian mackerel for males and 
females based on macroscopic observation. The size of female fish in immature stages 
ranged from 17.0 to 20.25 cm, maturing (19.5-23.5 cm) and spawning (22.5-25.5 cm) 
(Figure 3A), while the male fish in immature phase ranged (17.0-20.5 cm), maturing 
(20.0-23.5 cm) and spawning (22.5-25.5 cm) (Figure 3B).  

Figure 3. Distribution of GSI for females (A) and males (B) of Indian mackerel per total 
length from the coastal waters of Makassar (March-August 2015).  

 
Bhendarkar et al (2014) reported that the size of fish from commercial catches ranged 
from 22 to 24 cm. According to Erzini et al (1998), the size of fish caught is strongly 
influenced by the fishing equipment applied during the fishing activity. Eighani et al 
(2018) added that the overall catch efficiency and size structure of fish caught are highly 
affected by the bait type and size. In the present study, the size of fishing rods was 
between size 10/0 and size 12/0. The fish caught were generally large during the data 
collection. Different sizes of fishing rods lead to the different size of fish caught. Similarly, 
Erzini et al (1998) said that type and size of the fishing rod can affect the variety of fish 
caught. Meanwhile, different fishing times, feeding times, feed types and depth of the 
fishing operations contribute to the size of the fish caught (Kantun et al 2014). 
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The biological behavior of the fish is associated with huddling behavior, which 
often found same size and the type of fish in the wild. These behaviors are characteristics 
of adult fish population (Dewanti et al 2014). This is in line with Soria & Dagorn (1992), 
that the similarity in size, biological cycle and biological ability, creates mutually 
beneficial and demonstrates the ability to coordinate when swimming in a group.   

Percentage of GSI of Indian mackerel during the study from immature stage to 
spawning is shown in Table 1.   
 

Table 1 
Percentage of GSI of Indian mackerel from Makassar coastal waters (March 2015 - 

October 2015) 
 

Female Male Stages 
597 fish  (%)  572 fish  (%) 

Immature (I-II) 261 43.72 244 42.66 
Mature (III-IV) 271 45.39 263 45.98 
Spawning (V) 65 10.89 65 11.36 

 
The female and male fish of Indian mackerel were having a synchronization of gonad 
maturity process. The gonad of male fish firstly reached its maturity level and it was 
followed by gonad maturity of female fish. Similarly, this condition also occurred nearly at 
the same time in the spawning stage between female and male fish (Figure 4). This 
finding suggested that the process of gonadal maturation occurs simultaneously. It 
increases the chances of fertilization and spawning. It also indicated that spawning 
occurs after the peak of gonadal maturity (Araffi et al (2016). 

 

 

Figure 4. Monthly percentage of GSI for females (A) and males (B) of Indian mackerel 
from Makassar coastal waters. 

 
GSI of female ranged from 0.31 to 2.11 and in case of males ranged from 0.50 to 2.48 
(Figure 5). The first sexual maturity size of female was 21.02 cm with 95% confidence 
level ranged from 20.91 to 21.14 cm and males was 21.19 cm ranged from 21.07 to 
21.32 cm (Figure 6). The total fecundity of Indian mackerel caught in Makassar coastal 
waters ranged from 21,420 to 50,592 eggs. 
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Figure 5. Development of GSI of Indian mackerel in Makassar coastal waters. 
 

 
 

 
 
 
 
 
 
 
 
 
 

 

Figure 6. Size of first sexual maturity for females (A) and males (B) of Indian mackerel 
from Makassar coastal waters. 

 
In the present study, the development of GSI of females and males of Indian mackerel 
from Makassar coastal water showed that the GSI of female fish was immature 
(43.72%), mature (45.39%) and spawning (10.89%), respectively and GSI of male fish 
was immature (42.66%), mature (45.98%) and spawning (11.36%) (Table 1). 
Conversely, Oktaviani et al (2014) reported the percentage of GSI (mature stage) of 
Indian mackerel in West Papua was 38.80% (female fish) and 30.70% (male fish). The 
results of the present study showed a greater developmental composition of gonad 
maturity stages than previous finding. This is due to the sampling period, the number 
and representation of the sample and the environmental conditions in the fishing ground. 

Figures 5 and 6 illustrated that the development of GSI of male Indian mackerel 
based on observation time in the present study was mature stage (III-IV) higher than 
immature stages (I-II) and spawning stage (V). Non-uniform GSI indicates that there 
was a group of fish which did not spawn simultaneously. It is shown that the spawning 
time of Indian mackerel occur throughout the year. The differences in gonad 
development of fish are due to the different spawning ways (Brojo & Sari 2002). 
Meanwhile, the differences in the development of gonadal maturity stage are due to 
population genetic characteristics, differences in growth rates and water quality (Paugy 
2002; Lalèyè et al 2006). Furthermore, the different fishing ground and fishing pressure 
can lead to differences in the development of fish gonads (Reynolds et al 2001; de Graaf 
et al 2003). 

In the present study, the fecundity of Indian mackerel ranged from 21,420 to 
50,592 eggs. It is slightly less than previous studies, for instances, the fecundity of 
Indian mackerel ranged from 11,235 to 40,878 eggs in coast of Takalar (Kasmi et al 
2017); fecundity of 300,000 to 520,000 eggs in North Aceh (Hariati & Fauzi 2011); 
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fecundity of 64,024 to 151,844 in Arabian seas (Zaki et al 2016); fecundity of 28,542 to 
123,760 eggs in Western of Aceh (Arrafi et al 2016) and fecundity of 86,744 to 94,376 
eggs Mangalore Region (Hulkoti et al 2013). The discrepancy in total fish fecundity is 
greatly affected by the size of the fish, including its length and weight (Vila-Gispert & 
Moreno-Amich 2000); egg diameter size (Suzuki et al 2000) and environmental factors 
(Abidin 1986). Similarly, Rochmatin et al (2014) added that fertility, spawning frequency, 
parent protection, egg size, environmental conditions and population density are several 
factors that affect the fish productivity. In addition, according to Siby et al (2009) the 
differences in total fecundity are influenced by the reproductive strategy of the fish, and 
different adaptation to the environment. Furthermore, large fish produce high fecundity. 
In optimum condition, female fish produce high fecundity (Kantun et al 2015). 

In the present study, the female Indian mackerel showed high fecundity. The fish 
productivity can be measured based on reproduction index through their fecundity. 
Nonetheless, it is highly affected by environmental factors, genetics, growth, age and 
gonad maturity level. Fecundity of 10 eggs is classified very low and 10 to 100 eggs also 
low. Fecundity of 100 to 1000 eggs is moderate and above 1000 eggs are high (Musick 
2000). 

The data in Figure 5 indicated that the gonad of female and male fish slowly 
developed from March to May. It started to develop drastically by the end of May. The 
gonad peak occurred between July and August. The spawning took place in September. 
Similarly, the spawning time of Indian mackerel in Mayalibit occurred between 
September and November (Octaviani et al 2014). More interestingly, two spawning times 
of Indian mackerel were recorded in the Mahout seas of the Arabian seas (September-
October and December-April) (Zaki et al 2016). Similar spawning time of Indian mackerel 
also found in the Western waters of Aceh (January-March and July-October) (Arrafi et al 
2016). Nevertheless, Abdussamad et al (2006) reported the development gonad of 
Indian mackerel occurs throughout the year depending on the environmental condition.  
The food availability and fishing pressure affected the spawning time of the Indian 
mackerel (Schaefer 1987; Koido & Suzuki 1989).  

Although the male and female Indian mackerel reached gonad maturity state 
almost simultaneously, the gonad size of female Indian mackerel was larger than its 
male. As said by Siby et al (2009) the mean value of the gonad weight of the female is 
always higher than the male in the same stages, because the weight gain of the ovary is 
always greater than testes. Increased ovary weight is associated with the process of 
vitellogenesis in gonadal development, whereas the increase in weight of testes is related 
to the process of spermatogenesis and an increase in the volume of semen in the 
seminiferous tubules. However, according to Effendie (1979), the weight of gonads 
decrease rapidly during spawning until completion. 

The initial size of first sexual maturity of the fish is strongly associated with the 
increase of GSI (Figure 6). In the present study, Indian mackerel size was smaller than 
the size which recorded in the previous study, particularly the study of Indian mackerel in 
the Mahout Coast of Arabia (Zaki et al 2016) (Table 2). Several factors such as species, 
environment, age, size and physiological conditions of fish are considered to affect the 
size of the fish (Udupe 1986). 

Furthermore, different sampling periods and fish reproduction seasons contribute 
to the size of the first sexual maturity (Schaefer 1987; Koido & Suzuki 1989). Fishing 
techniques and fishing gear can lead to different first size of fish caught during the 
sampling periods (Kantun et al 2014). Consequently, the caught fish was small but it 
already reached mature gonad. According to Siby et al (2009) the first-size maturation of 
gonads in different fish and occurring at smaller sizes is a reproductive strategy of fish to 
restore its population balance due to environmental changes, abiotic factors, and 
unsustainable fishing activities. Several finding related to first sexual maturity of Indian 
mackerel can be seen in Table 2. 
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Table 2  
The first sexual maturity of Indian mackerel Indian mackerel from several study sites 

 
Gender Location ♀ ♂ 

Length of first sexual 
maturity (cm) 

Sources 

Malaka strait ♀ ♂ 17.0 Hariati et al (2005) 
Calicut India ♀ ♂ 17.3 Sivadas et al (2006) 

North Coast Aceh ♀ - 19.97 Hariati & Fauzi (2011) 
Mangalore, India ♀ - 21.0 Hulkoti et al (2013) 

Mahout sea Arabia ♀ ♂ ♀ 25.7; ♂ 25.2 Zaki et al (2016) 
Western Aceh ♀ - 19.58 Arrafi et al (2016) 
Takalar Coast ♀ ♂ ♀ 21.18; ♂ 21.31 Kasmi et al (2017) 

Makassar waters ♀ ♂ ♀ 21.02; ♂ 21.19 Present study 
 
Conclusions. GSI of Indian mackerel varies in size from immature to mature (Gonad 
stage I-V). However, the number of spawned fish is still low. Nonetheless, the GSI of 
female Indian mackerel is higher than male. The first sexual maturity both female and 
male gonads is relatively similar and their fecundity are high. 
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