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INTRODUCTION  

 

The fisheries management area of the Republic of Indonesia 712 (WPPNRI 712) 

has abundant potential for small pelagic fisheries. From 2003 to 2012, this region 

contributed 40.7% percent of the total fish catch in Indonesia (Khatami et al., 2019). 

Chodrijah and Hariati (2010) stated that pelagic fish species that dominate the fish 

catch in the Java Sea are scad (Decapterus sp.), mackerel (Rastilliger sp.), bigeye scad 

(Selar crumenophthalmus) and fringescale sardine (Sardinella fimbriata). These small 

pelagic fish resources are generally caught by mini purse seine (Mubarok et al., 2023) 
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The fringescale sardine (Sardinella fimbriata, Valenciennes, 1847) is 

one of the primary small pelagic fish commodities caught in the Java Sea. 

Overfishing and excessive exploitation can impact the sustainability of this 

fish resource in the wild. This study aimed to analyze various biological 

aspects of fringescale sardine, including sex ratio, growth patterns, 

condition factor, gonad maturity stage, size at first maturity, and size at first 

capture, which are essential for effective management efforts. Fish samples 

were collected from the Pekalongan National Fishing Port between June and 

September 2024. The specimens were obtained from the catches of 

fishermen operating in the Java Sea using mini purse seine fishing gear. The 

fish were measured, weighed, and dissected to obtain information on length, 

weight, sex, and gonad maturity stage. A total of 800 fish were collected 

during the study, consisting of 432 females and 368 males, revealing an 

unbalanced sex ratio. Both males and females exhibited negative allometric 

growth patterns, with females showing a higher condition factor compared 

to males. The catch was dominated by immature fish, and the size at first 

capture (Lc) was smaller than the size at first maturity (Lm) for both male 

and female fish. 
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and as much as 89% percent of the small pelagic catch from the Java Sea land on the 

North Coast of Java, including the Pekalongan National Fishing Port (Purwanto et al., 

2014). 

Fringescales sardines is one of the small pelagic fish in the Java Sea with high 

potential since it is found as the main catch of the location especially in June (Chodrijah 

& Hariati, 2010; Maulina et al., 2019). However, in recent years, there has been a 

decline in this fish population in the surrounding waters, indicating pressure on this 

resource due to overexploitation and environmental changes (Purwanto et al., 2014; 

Nugroho et al., 2017). Overexploitation of fish resources has caused the small pelagic 

fish resources in the Java Sea to decline because they have exceeded their sustainable 

potential (Khatami et al., 2019). Therefore, small pelagic fish resources in the Java Sea 

require management to maintain their sustainability.  

Fish resource management requires information related to the biological aspects 

of fish because management requires a holistic approach (Atmaja & Nugroho, 2017; 

Dutta & Hazra, 2017). Studies on reproductive aspects such as sex ratio, length-weight 

relationship, condition factor, gonad maturity level, size at first gonad maturity, and size 

at first caught are very important to inform fisheries management. A study by Wujdi et 

al. (2016) on lemuru (Sardinella lemuru) in the Bali Strait showed that the decline of 

lemuru population can be characterized by several biological parameters such as first-

caught length and asymptotic length. 

 Studies related to fringescale sardine (Sardinella fimbriata, Valenciennes, 1847) 

have been conducted in various regions. Morphometric studies have been conducted by 

Suleman and Djonu (2022). In addition, studies addressed the fishing season 

(Chodrijah & Hariati, 2010), feeding habits (Asriyana et al., 2017), and fish 

vulnerability (Puspita et al., 2018). Biological studies of fringescale sardines have also 

been conducted by Rilani et al. (2017) in the Alas Strait, Bintoro et al. (2019) in the Bali 

Strait, Bintoro et al. (2020) in Trenggalek, and by Ginzel et al. (2022) in the Savu Sea. 

Although studies related to fringescale sardines’ fish are very diverse and have been 

widely conducted, biological studies of fringescale sardines caught from the Java Sea and 

landed at Pekalongan have not yet been published. Such information is very important 

considering that increasing exploitation in the Java Sea. Therefore, the purpose of this 

study was to analyze several biological aspects of fringescale sardine landed at 

Pekalongan National Fishing Port. The objectives of this research support a goal of SDGs 

14 to ensure the sustainable fisheries since the biological parameters from this research 

can be used to determine the minimum length of fringescale sardine harvested.  

 

MATERIALS AND METHODS  

Location and time 

The fringescale sardine (Sardinella fimbriata, Valenciennes 1847) (Fig. 1) used in 

this study was collected from the fish auction site at the Pekalongan National Fishing 

Port. Fish sampling was conducted from June to August 2024, while length and weight 
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measurements as well as fish dissection were all carried out at the Pescica Marina 

Laboratory, Faculty of Fisheries and Marine Sciences, Universitas Jenderal Soedirman. 

 

Procedures 

The fringescale sardine samples were collected once per month using a random 

sampling method. The fish were taken from a single basket at the fish auction site of the 

Pekalongan National Fishing Port. The collected fish were then measured for their total 

length and standard length using a ruler with an accuracy of 1cm. Additionally, the fish 

were weighed using a digital scale with an accuracy of 0.01 grams. After measuring and 

weighing, the fish were dissected to determine their sex and gonadal maturity stage. 

 

Fig. 1. Fringescale sardinella (Sardinella fimbriata, Valenciennes 1847) 

 

Data analysis 

Sex ratio 

     The sex ratio was calculated by comparing the number of male and female fish using 

the following equation: 

N= J/B 

Where, N is the male-to-female ratio, J represents the number of males, and B 

represents the number of females. The balance of male and female proportions in a 

population is determined through analysis using the Chi-square test. 

 

Growth 

Fish growth was analyzed based on the length-weight relationship using the 

following equation: 

W= aLb 

Where, W is the fish weight, a and b are regression constants (intercept and slope), 

and L is the fish length. The constant b is used to determine the fish growth pattern. The 

value of b is analyzed using a t-test to determine whether b = 3 or b ≠ 3. A value of b = 3 

indicates isometric growth, whereas b ≠ 3 suggests an allometric growth pattern. 
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Fulton’s condition factors 

Fish growth was also assessed through the condition factor, which represents the 

fish's fitness and overall condition for survival and reproduction. Fulton’s condition 

factor was calculated using the equation proposed as follows: 

Kn=100*W/L3 

 

Where, Kn is the Fulton’s condition factor, W is the actual fish weight (g), and L is 

the length of fish (cm). 

Gonadal maturity stage 

The dissected fish were then visually examined for their gonadal maturity stage and 

compared with the gonadal maturity reference for the same species, which consists of 

seven gonadal maturity stages according to Kudale and Rathod (2016). The description 

of the gonadal maturity stages is provided in Table (1). 

Table 1. Description of gonadal maturity stages of Sardinella fimbriata (Kudale & 

Rathod, 2016) 

Stage Maturity 

Stage 

Testes Ovaries 

I Immature 

(Never 

spawned) 

Smaller in size, whitish in 

colour, translucent and 

asymmetrical with long and 

thin vas deference. 

Small, thread-like, translucent 

and have two small 

asymmetrical clear lobes with 

long and thin oviduct. 

Ova were not visible to the 

naked eye. Ova diameter 

ranged between 0.053 to 0.131 

mm 

II Immature 

(Developing/ 

Maturing 

(Virgin)/ 

Recovered 

spent or 

Rematuring 

stage 

White in color, flattened, 

translucent/ opaque, 

extends about ½ length of the 

body cavity with 

little reduced vas deference. 

Yellowish in color, occupies 

about ½ length of the body 

cavity. Ova diameter ranged 

between 0.133 to 

0.159 mm 

III Developing Thickened and white in color, 

translucent, 

extended less than two third 

length of the body 

cavity with wide and reduced 

vas deference. 

Turgid, opaque and yellowish 

in color with granular 

appearance. Ovaries occupied 

about two third length 

of the body cavity. Oviduct 

was reduced. Ova 
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diameter ranged between 

0.161 to 0.176 mm. 

IV Maturing Massive in size, creamy 

whitish in color. 

Acquired more than two third 

length of the body 

cavity with very much 

reduced vas deference. 

Ovaries were reddish yellow 

in color. Blood vessels 

prominent, Ova were 

semitransparent and spherical. 

Ova diameter ranged between 

0.180 to 0.201 mm. 

V Mature Prominent in size, acquired 

more than ¾ lengths 

of the body cavity and milt 

starts oozing out if 

pressure is applied on the 

abdomen 

Ovaries large, orange colored 

and fully developed. 

Extended almost in the entire 

body cavity. Ovaries 

were filled with numerous, 

yellowish ova. In mature 

condition the eggs were large 

and visible with naked 

eye. Size of ova varied 

between 0.204 to 0.295 mm 

IV Ripe Testes were very thick, 

flattened, turgid and 

creamish white in color. More 

Prominent in size 

(extensive), acquired full 

length of the body 

cavity and shows milting. 

Milt oozes out from the 

cut ends of the testes in the 

copious amount 

Fully filled with yolk, free and 

opaque large eggs, 

those were almost ready for 

liberation. Size of ova 

varied between 0.322 to 0.512 

mm 

IV Spent Appeared shrunken and 

transparent 

Partially and fully spent 

ovaries were found. At this 

stage few residual eggs were 

seen. The fully spent 

ovaries were flabby, 

contracted and empty. 

Length at the first maturity 

 The size at first maturity is defined as the size at which 50% of the observed 

samples have reached gonadal maturity stages IV and V. These data were analyzed using 

the Spearman-Karber method (Udupa, 1986) based on the following equation: 
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The length at first gonadal maturity was obtained by determining the antilogarithm 

of the m value, where Xk is the logarithm of the length at which the last fish reaches 

gonadal maturity, x is the logarithmic difference of the median, pᵢ is the proportion of 

mature fish in the i-th length class. 

Length at the first capture 

The size at first capture was determined by plotting the cumulative frequency of 

each fish length class, resulting in a standard logistic curve with a sigmoid shape. The 

calculation of the length at first capture follows the method described by Sparre and 

Venema (1998) using the following equation: 

 
Where, SL represents the estimated number of fish captured, L is the midpoint of 

the length class interval, and S₁ and S₂ are constants used in the logistic curve equation. 

 

RESULTS  

 

1. Sex ratio 

A total of 800 fringescale sardine (Sardinella fimbriata) were collected during the 

study, with females (432) outnumbering males (368). The number of female fish 

exceeded the number of males each month, except in August (Fig. 2). The sex ratio 

between male and female fish during the study was 1:1.17. The Chi-square test results 

indicated that the male-to-female proportion was not balanced (1 ≠ 1), with females being 

more abundant than males. 

 

Fig. 2. Males and females’ proportions of fringescale sardine from Pekalongan 

National Fishing Port from June to September 
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The composition of gonad maturity levels of female (Fig. 3A) and male (3B) 

fringescale sardine showed that both male and female fish were dominated by fish that 

had gonad maturity levels I-IV (immature) which reached 80% in female fish and 93% in 

male fish with the highest proportion found in gonad maturity level II fish.  Female and 

male fringescale sardine found to be gonadally mature (TKG IV and V) were found in 

low proportions both in females (<10%) and <5% in males. 

 
(A) 

 
(B) 

Fig. 3. Proportion of gonad maturity level of fringescale fish female (A) and 

male (B) from Pekalongan National Fishing Port 

2. Growth 

The results of the length-weight relationship analysis of male and female fish are 

shown in Table (2). The results of regression analysis of length and weight of female and 
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male fringescale sardine show that there is a strong correlation between length and weight 

since it accounted for 0.90 for females and 0.94 for males. The contribution of length to 

weight of the fringescale sardine is shown by the coefficient of determination in which 

90% in female and 94% in male. The equation obtained from the regression analysis 

results in female fish is W= 0.0198L2.71 and male fish with the equation W= 0.0232L2.63 

(Figs. 4, 5).  

The b value (slope) of the regression results in fish can show the growth pattern in 

fish. Female fish had a b value of 2.71 and male fish had a b value of 2.63. The results of 

the t test on the value of b with a P-value = 0.05 show that the value of b is not equal to 3 

(b≠3). Jisr et al. (2018) stated that the value of b< 3 indicates a negative allometric fish 

growth pattern or fish length growth is faster than weight growth. 

 

Table 2. Length-weight regression of Fringescale Sardinella (Valenciennes 1847) 

The value of b can be used to estimate the condition factor of fish. In this research, 

the condition factor for females ranged from 0.573-1.093; while for male, it ranged from 

0.730-1.107. Overall, the mean condition factor from June to September for female (0.92) 

are greater than that recorded for the male (0.89). The mean value of the condition factor 

of female fringescale showed a declining trend from June to September, with the peak of 

the condition factor in July. In contrast, the condition factor of males increased from June 

to August and experienced a small decline in September, with the highest value recorded 

in August. Several findings about growth pattern and the condition factor of fringescale 

that have been reported from other locations are presented in Table (3). 

Sex a b R2 R Growth pattern 

Female 0,0198 2,71 0,815 0,90 Negative 

Allometrics 

Male 0,0232 2,63 0,877 0,94 Negative 

Allometrics 
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Fig. 4. Length-weight relationship of females fringescale sardines from Pekalongan 

National Fishing Port 

 
Fig. 5. Length-weight relationship of males fringescale sardines from Pekalongan 

National Fishing Port 
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Tabel 3. Range and means of fringescale sardine condition factor (Sardinella 

fimbriata, Valenciennes, 1847) 

Months 
Females Males 

Ranged Mean SD Ranged Mean  SD 

June 0.573-1.206 0.925 0.098 0.730-1.206 0.860 0.066 

July 0.699-1,148 0.945 0.088 0.622-1.054 0.887 0,067 

August 0.607-1.364 0.904 0.060 0.736-1.264 0.929 0,085 

September 0.791-1.093 0.902 0.048 0.709-1,107 0.878 0,054 

SD: Standard Deviation. 

Tables (4, 5) represent the overall trend of mean condition factor in male and 

female which increased with the gonadal maturity although a slight decrease is 

observed. Comparation of mean condition factor between male and female showed 

that female’s condition factor outweigh male’s mean condition factor.  Tables (4, 5) 

also revealed that the highest value of condition factor in female was found in the 

gonadal maturity stage 6 which accounted for 0.94; while for female, it was found in 

the first gonad maturity stage with a value of 0.93 

Table 4. The condition factor of female fringescale sardine based on gonad maturity 

stages 

Gonadal Maturity Stage Condition Factor 

Range Mean±SD 

1 0.09-0.13 0.93±0.12 

2 0.08-0.14 0.92±0.09 

3 0.10-0.13 0.91±0.09 

4 0.09-0.12 0.91±0.09 

5 0.10-0.14 0.91±0.06 

6 0.11-0.15 0.91±0.09 

7 0.12 0.91±0.08 

 

Table 5. The condition factor of male fringescale sardine based on gonad maturity stages 

Gonadal Maturity Stage Condition Factor 

Range Mean±SD 

1 0.74-1.09 0.88±0.07 

2 0.62-1.26 0.90±0.09 

3 0.78-1.02 0.88±0.05 

4 0.71-1.00 0.89±0.06 

5 0.81-1.11 0.90±0.08 

6 0.83-1.24 0.94±0.11 

7 0.89 0.89±0 
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3. Length at the first maturity and length at the first capture 

The results of the analysis of the length of the first maturity fish in female fringescale 

sardine showed that the fringescale sardine fish collected from Pekalongan VAT during 

the study were on average gonadally mature at 16.8cm, while the first size of fringescale 

sardine caught was 14.05cm (Fig. 6). The length of the first maturity male fringescale 

sardine in this study was 14.66cm, and the length of the first caught male fringescale 

sardine (Lc = 13.65cm) was smaller than the size of the first time the fish matured (Lc < 

Lm) (Fig. 7). Bintoro et al. (2019) reported that in the Bali Strait, this fish had smaller Lc 

and Lm values of 10, 44cm (Lc), 11.95cm (Male Lm), and 10.79cm (Female Lm). In the 

Trenggalek River, Indonesia, the Lc value of this fish was reported.  

 

 

Fig. 6. Length at the first capture of female fringescale sardine  
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Fig. 7. Length at the first capture of male fringescale sardine 

DISCUSSION 

 

The sex ratio of fringescale sardine (Sardinella fimbriata) collected from the 

Pekalongan National Fishing Port showed an imbalance between males and females, with 

a higher proportion of females. This female-biased ratio is influenced by several factors, 

including environmental conditions. Nikolsky (1969) stated that when food is abundant, 

females tend to dominate the population. In addition, reproductive aspects may also 

contribute to the result, as female reproduction is not strictly dependent on the presence 

of males but is highly influenced by favorable environmental conditions (Oliveira et al., 

2012). Therefore, the observed sex ratio in this study may indicate that the environment 

and food availability at the fishing ground—the Java Sea—remain suitable for the growth 

of fringescale sardine. 

In other waters such as Kawar, Karnataka, India, Kudale and Rathod (2016) and 

Bintoro et al. (2020) in Prigi Water reported a balanced sex ratio in fringescale sardine 

populations. While no specific data on the sex ratio of S. fimbriata in the Java Sea is 

available, Kartini et al. (2017) observed a similar pattern in the lemuru (Amblygaster 

sirm), another Clupeidae species, with fewer males than females. A predominance of 

females in a fish population can indicate a favorable condition for population 

sustainability. A population can remain viable if the proportion of females is equal to or 

greater than that of males (Efizon et al., 2021) 

The relative condition factor observed throughout the study also reflected a higher 

female sex ratio from June to September. The average condition factor values for females 

were higher than for males, indicating that females tend to have greater body weight. 
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Similar results were reported for the lemuru (Clupeidae) in the Sunda Strait (Kartini et 

al., 2017). Differences in condition factor between sexes can be attributed to feeding 

activity, gonadal development, and other biological factors (Jusmaldi et al., 2023). The 

condition factor (Kn) for both sexes was below 1 (Kn < 1), although values close to 1 still 

suggest that the fish collected from the Pekalongan Port were in relatively good 

condition, indicating that the habitat supports fish health (Parawangsa et al., 2021). 

Although fish are considered to be in good condition when Kn ≥ 1 (Jisr, 2018), both 

sexes in this study showed Kn values approaching 1. 

The Kn pattern in females showed a declining trend corresponding with increasing 

gonadal maturity. This can be explained by the influence of reproductive activity on Kn 

values. Fish tend to reduce feeding activity and utilize internal lipid reserves during the 

spawning period, which results in a lower condition factor (Brosset et al., 2016). Nayak 

et al. (2021) also noted a negative correlation between gonadal maturity and condition 

factor, although this relationship may vary across species. Mozsar et al. (2025) 

concluded that condition factor values are species-specific. 

Regression analysis for both male and female fringescale sardines revealed a strong 

coefficient of determination and a high correlation. More than 80% of fish weight 

variation was explained by length for both sexes. The correlation coefficients were also 

high, with values of 0.90 for females and 0.94 for males. The regression results showed a 

negative allometric growth pattern for both sexes, with b = 2.71 for females and b = 2.63 

for males. This indicates that length increases faster than weight. Similar patterns were 

found in fringescale sardines from the Sawu Sea (Ginzel et al., 2022). Allometric growth 

in fish can be caused by ontogenetic development (Fu et al., 2016), changes in gonadal 

maturation (Bintoro et al., 2019), or external factors such as food availability and water 

quality (Nur et al., 2023). 

Based on the length at maturity (Lm), 49.18% of male fringescale sardines captured 

had reached sexual maturity, whereas 50.82% of females caught had not. Regarding the 

length at first capture (Lc), 65.74% of females caught exceeded this length, while 34.26% 

were caught below it. The comparison of Lc and Lm values suggests that most fish 

caught had not yet reached gonadal maturity (Lc < Lm), indicating a potential for growth 

overfishing (Cánovas-Molina et al., 2021; Ben-Hasan et al., 2021). If fish are caught 

before spawning, the sustainability of the stock is jeopardized (Zamroni et al., 2019). 

Khatami et al. (2019b) reported that the exploitation status of this species in the Java Sea 

in 2019 was already overexploited. Ginzel et al. (2022) noted that the peak recruitment of 

fringescale sardines (S. fimbriata Val. 1847) occurs in May and August, although no 

similar data are currently available for the Java Sea population. Additional reports state 

that most of the fringescale sardines in the Java Sea are caught in July, June, and from 

September to November (Chodrijah & Hariati, 2010). 

 

 



Putri et al., 2025 2952 

CONCLUSION 

 

The fringescale sardine (Sardinella fimbriata, Valenciennes 1847) collected from 

Pekalongan National Fishing Port has an unbalanced proportion of males and females. 

Male and female fringescale sardine have a negative growth pattern which is length that 

is faster than their weight with the condition factor of females being larger than males. 

Male and female fringescale sardine caught are dominated by juveniles with the size of 

the first time caught that is smaller than the size of the first time the fish matures gonad. 

These conditions indicate that fringescale sardine are under threat of growth overfishing. 

 

REFERENCES  

 

Asriyana, A.; Sulistiono, S. and Rahardjo, M.F. (2017). Feeding Habits of Tembang 

Fish (Sardinella fimbriata Val., Family Clupeidae) in the Waters of Kendari Bay, 

Southeast Sulawesi. Journal of Indonesian Ichthyology, 4(1): 43–50. 

Atmaja, S.B. and Nugroho, D. (2017). Efforts to Manage Sustainable Fishery Resources 

in Indonesia. Indonesian Fisheries Policy Journal, 3(2): 101–113. 

https://doi.org/10.15578/jkpi.3.2.2011.101-113 

Ben-Hasan, A.; Al-Nahdi, A. and Al-Kaabi, M. (2021). Assessment of fish stocks and 

indicators of growth overfishing in Arabian Gulf fisheries. Fish. Res., 239: 

105930. 

Bintoro, G.; Kartini, A.A. and Saputra, S.W. (2019). The biological aspects of 

fringescale sardine (Sardinella fimbriata) in Prigi waters, East 

Java. Biodiversitas, 20(4): 1010-1016. 

Bintoro, G.; Kartini, A.A. and Subagyo, S. (2020). Sex ratio and gonadal maturity of 

sardine in Prigi waters. J. Kelaut. Trop., 23(2): 63-70. 

Brosset, P.; Ménard, F.; Fromentin, J.M.; Mélin, F.; Bonhommeau, S. and Saraux, 

C. (2016). Environmental drivers of sardine body condition in the Gulf of 

Lions. Mar. Ecol. Prog. Ser., 547: 61-73. 

Cánovas-Molina, A.; Torres, M.A. and Soriguer, M.C. (2021). Overfishing indicators 

in Mediterranean small pelagic fish. Ecol. Indic., 129: 107867. 

Chodrijah, U. and Hariati, T. (2010). Pemanfaatan sumber daya ikan pelagis kecil di 

Laut Jawa. J. Penelit. Perikan. Indones., 16(2): 115-124. 

Dutta, S. and Hazra, S. (2017). From Biology to Management: A Critical Review of 

Hilsa Shad (Tenualosa ilisha). Indian Journal of Geo-Marine Sciences, 46(8): 

1503-1510. 

Efizon, D.; Syandri, H. and Liliwati, Y. (2021). Fish population structure and 

reproductive biology as a basis for sustainable fishery management. J. Akuakult. 

Indones., 20(2): 152-164. 

https://doi.org/10.15578/jkpi.3.2.2011.101-113


Several Reproductive Aspects of Fringescale Sardinella (Sardinella fimbriata, Valenciennes, 1847) 

from Pekalongan National Fishing Port, Pekalongan Regency, Central Java 
 

 

2953 

Fu, C.; Wu, C.; Ye, Y. and Liu, J. (2016). Ontogenetic allometric growth in fish and its 

ecological implications. Aquat. Biol., 25: 79-87. 

Ginzel, J.; Kartini, A.A. and Bintoro, G. (2022). Biological characteristics of 

fringescale sardine (Sardinella fimbriata) from the Sawu Sea. Mar. Biodivers. 

Rec., 15: Article 12. 

Jisr, N.; Younes, G.; Sukhn, C. and El-Dakdouki, M.H. (2018). Length-weight 

relationships and relative condition factor of fish inhabiting the marine ecosystem 

of the Eastern Mediterranean. Helgol. Mar. Res., 72(1): Article 16. 

Jusmaldi, J.; Indaryanto, D. and Yuniarti, E. (2023). Analysis of condition factors in 

relation to reproductive cycles in tropical small pelagic fish. J. Ilm. Perikan. 

Kelaut., 15(1): 55-63. 

Kartini, A.A.; Bintoro, G. and Subagyo, S. (2017). Sexual dimorphism and gonad 

development of lemuru (Amblygaster sirm) in Sunda Strait. Mar. Fish., 8(1): 25-

32. 

Khatami, S.N.; Baharuddin, A.H. and Farid, A. (2019b). Status of sardine fishery 

exploitation in the Java Sea. Indones. J. Mar. Sci., 24(3): 203-212. 

Kudale, D.S. and Rathod, V.D. (2016). Studies on the reproductive biology of 

Sardinella fimbriata in the Kawar backwaters, Karnataka. Int. J. Fish. Aquat. 

Stud., 4(3): 45-48. 

Maulina, I.D.; Triarso, I. and Prihantoko, K.E. (2019). Potential Fishing Grounds for 

Tembang Fish (Sardinella fimbriata) in the Java Sea Based on AQUA MODIS 

Satellite Data. SAINTEK PERIKANAN: Indonesian Journal of Fisheries Science 

and Technology, 15: 32–40. 

Mubarok, M.I.; Sulistyowati, B.I.; Perangin-angin, R. and Nurlaela, E. (2023). 

Composition of The Catch of Mini Purse Seine in The Java Sea. Coastal and 

Marine Journal, 1(1): 23-28. https://doi.org/10.61548/cmj.v1i1.5  

Mozsar, A.; Specziár, A. and Vitál, Z. (2025). Species-specific condition factor 

variability in relation to reproductive strategy and habitat. J. Fish Biol., 106(2): 

423-434. 

Nayak, M.; Prusty, A.K. and Swain, S. (2021). Impact of reproductive stages on fish 

condition indices: A case study from Chilika lagoon. Indian J. Fish., 68(2): 20-28. 

Nikolsky, G.V. (1969). Theory of fish population dynamics as the biological background 

for rational exploitation and management of fishery resources. Oliver & Boyd. 

Nugroho, D.; Patria, M.P.; Supriatna, J. and Adrianto, L. (2017). The estimates 

spawning potential ratio of three dominant demersal fish species landed in Tegal, 

north coast of Central Java, Indonesia. Biodiversitas Journal of Biological 

Diversity, 18(2): 844-849. 

Nur, A.; Wahyuningsih, D. and Sulistiono, S. (2023). External environmental influence 

on the growth patterns of small pelagic fish. J. Fish. Resour. Dev., 17(1): 17-25. 

https://doi.org/10.61548/cmj.v1i1.5


Putri et al., 2025 2954 

Oliveira, R.F.; Taborsky, M. and Brockmann, H.J. (2012). Alternative reproductive 

tactics: An integrative approach. Cambridge University Press. 

Parawangsa, I.N.; Tampubolon, A.R.P. and Pertami, N.D. (2021). Characteristic of 

Lenght, Length-Weight Relationship and Condition of Silver Rasbora (Rasbora 

argyotaenia Bleeker) at Four Lakes Bali. BAWAL Widya Riset Perikanan 

Tangkap., 13(2): 99-106. 

Purwanto, P.; Nugroho, D. and Suwarso, S. (2014). Potential Production of The Five 

Predominant Small Pelagic Fish Species Groups in The Java Sea. Indonesian 

Fisheries Research Journal, 20(2): 59-67. 

Puspita, R.; Boer, M. and Yonvitner, Y. (2018). Vulnerability Level of Tembang Fish 

(Sardinella fimbriata, Valenciennes 1847) to Fishing Activities and Its 

Sustainability Potential in the Sunda Strait Waters. Journal of Tropical Fisheries 

Management, 1(1): 17–23. 

Rilani, V.; Mulyanto, M. and Setyohadi, D. (2017). Growth Parameter and Fecundity 

of Fringe Scale Sardine (Sardinella fimbriata Cuvier Valenciennes) in Alas Strait, 

East Lombok, West Nusa Tenggara. The Journal of Experimental Life 

Sciences, 7(1): 22-26. 

Sparre, P. and Venema, S.C. (1998). Introduction to Tropical Fish Stock Assessment. 

Rome (IT): FAO. 

Suleman, S. and Djonu, A. (2022). Morphometric Measurements of Tembang Fish 

(Sardinella fimbriata) in the Waters of Kupang. Journal Salamata, 4(2): 29–33. 

https://doi.org/10.15578/salamata.v4i2.12079 

Wujdi, A.; Suwarso, S. and Wudianto, W. (2016). Reproductive Biology and 

Spawning Season of Lemuru Fish (Sardinella lemuru Bleeker 1853) in the Waters 

of the Bali Strait. BAWAL, 5(1): 49–57. 

Zamroni, A.; Suman, A. and Kunarso, K. (2019). Management strategies for small 

pelagic fishery sustainability in Indonesia. Mar. Policy, 100: 232-240. 

 

https://doi.org/10.15578/salamata.v4i2.12079

