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ABSTRACT 

This research analyzed the gold band goatfish's reproduction biology in the Rancabuaya water to 

reference appropriate and sustainable conservation. Sampling was collected from April to August 2021. 

The samples from Rancabuaya Water were obtained from the fisherman yielded in the Coastal Fishing 

Port Rancabuaya, Garut District, West Java Province, Indonesia. The sample was analyzed in Fisheries 

Aquatic Laboratory, Fisheries, and Marine Science Faculty, Universitas Padjadjaran. Fish samples were 

measured, weighed, and dissected, then morphologically observed for the reproductive organs. Samples 

obtained during the research were 811 specimens with 82-219 mm total length. The sex ratio among 

females and males was 1.5:1. At the first maturity of females and males, the size was 124 mm and 120 

mm, respectively. Females were dominated by gonad maturity stage III and I, while males dominated 

by gonad maturity stage I and II. Based on the composition of the GML and GMI values each month, 

the spawning season of the gold band goatfish in the Rancabuaya Water occurred in April and August. 

Fecundity obtained ranged 955 - 59,356 eggs with partial spawning type. 
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1.  INTRODUCTION 

 

The Rancabuaya waters have considerable fishery potential and various types of fish 

resources. The fishery potential in Rancabuaya waters reaches 565.1 tons [1]. This allegation 

includes pelagic fish resources, demersal fish, shellfish, mollusks, and crustaceans [1].  

 

 

Map 1. Map of Rancabuaya Coastal Area 
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These resources continue to be exploited in line with the increase in the fishing fleet and 

the number of fishing gear units. The increasing fishing intensity can significantly disrupt fish 

resources' conservation, leading to the degradation of fish stocks in these waters. The 

preservation of disturbed fish resources impacts decreasing the catch of fishers. 

Gold band goatfish was a fish resource with significant ecological and economic value 

[2, 3]. Gold band goatfish was a demersal fish primarily caught in Rancabuaya waters than 

other demersal species [1]. Based on production data, caught gold band goatfish has decreased, 

especially since 2013-2015. In 2015, the decline in gold band goatfish production reached 

376.94-tonnes (25%) compared to production in 2013. The decrease in the catch is thought to 

result from uncontrolled fishing intensity [4, 5]. The size of the caught gold band goatfish is 

relatively smaller, and the catch is dominated by Gonad maturity level (GML) III and GML IV 

[2, 5]. The situation is quite dangerous for conserving the gold band goatfish resources in their 

habitat. Overexploitation of mature gonad fish disrupts the reproductive cycle and reduces the 

quantity of recruitment, while overexploitation of small fish causes broodstock availability to 

decrease due to the limitation of young fish to reach gonad mature sizes. If the quantity of 

recruitment and availability of parent stock decreases, then the gold band goatfish resource 

cannot resist the higher fishing intensity, so that the gold band goatfish population in its habitat 

tends to decrease until it collapses. 

Gold band goatfish resources in the waters of Rancabuaya require conservation efforts 

based on the level of utilization made. Reproductive biology was a critical aspect of analyzing 

to determine the overall reproductive cycle so that at a specific time, the utilization of the gold 

band goatfish needs to be well controlled. The reproductive opportunities are guaranteed to 

boost the gold band goatfish resources to maintain their population. That number of gold band 

goatfish stocks that experience mortality due to capture and natural factors can be replaced with 

several new individual stocks that the reproducing parent stock can produce. This condition 

can realize the sustainable use of gold band goatfish without disturbing the conservation of its 

habitat. [1, 2] suggested that the information on fish reproductive biology was essential to study 

because it determines fish survival in the waters. This study aims to analyze several aspects of 

the reproductive biology of gold band goatfish in Rancabuaya waters. The results are expected 

to be a reference in determining the proper conservation of gold band goatfish resources in 

Rancabuaya waters so that the utilization can be carried out sustainably [26-34]. 

 

 

2.  RESEARCH METHODS 

Time and Place of Research 

This research was conducted from April to August 2021 at the Fish Landing Port (FLP) 

Rancabuaya, Garut District, West Java Province. Sample fish were obtained from the catch of 

fishers in the waters of Rancabuaya who landed at FLP Rancabuaya. Observation of sample 

fish was carried out at the Laboratory of Fisheries Biology, Department of Aquatic Resources 

Management, Faculty of Fisheries and Marine Sciences, Universitas Padjadjaran. 

The materials and tools used in this study were gold band goatfish species (Upeneus 

moluccensis Bleeker, 1855), 4% formalin solution, ice, distilled water, 1-gram digital 

weighing scale (fish weighing) and 0.0001-gram accuracy (weighing gonad), 1 mm precision 

ruler, preparatory glass, Petri dishes, dropper pipettes, measuring cups, surgical instruments, 

plastics, cool boxes, sample bottles, microscopes, digital cameras, and stationery. 
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Methods 

The data collected included length and weight of sample fish, proportion on sex, gonad 

maturity level, gonad weight, number of eggs, and egg diameter. The data was obtained from 

observing fish samples in the laboratory. First, the sample fish are measured and weighed, and 

then dissected. The gonad of fish samples was taken, then the gonad maturity level and sex 

were observed morphologically. 

The gonads were then weighed using a scale to the accuracy of 0.0001 g and preserved 

with 4% formalin. Further observations, the sample gonads were divided into three parts, 

namely anterior, middle and posterior. We weighed each part of the gonad, then diluted it with 

10 ml of distilled water. The gonad that had been diluted was taken as 1 ml, then the number 

of eggs in it was counted, and then the egg diameter was observed. 

 

Data analysis 

Sex Ratio 

It measures the indicator of sex ratio, the ratio of male and female fish in the population. 

The following equation calculates the fish sex ratio value [6]: 

 

𝑁𝐾 =
𝑁𝑏𝑖

𝑁𝑗𝑖
  ........................................................... (1) 

 

where: NK = sex ratio, Nbi = the number of female fish, dan Nji = the number of male fish. 

Chi-square test to analyze the equilibrium sex ratio, a Chi-square test was performed with 

equations [7]: 

 

𝑋2 =
∑(𝑜𝑖−𝑒𝑖)2

𝑒𝑖
......................................................... (2) 

 

where: X2 was the value for a random variable whose draw spread, for example, overrides the 

Chi-square spread, oi was the observed frequency of male and female fish, ei was the expected 

frequency of male and female fish frequencies. 

 

Gonad maturity level 

According to [2-5], the determination of gonad maturity level can be done 

morphologically based on the color, shape, size, and development of the gonad contents 

described in Table 1. 

 

Gonad maturity index 

Gonad maturity index compared the gonad weight of sample fish and body weight. 

Gonad maturity index can estimate the spawning season of fish [8, 9]. Gonad maturity index 

was calculated using the following equation [10]: 

 

𝐺𝑆𝐼 =
𝑔

𝑤
𝑥100....................................................... (3) 
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where: GSI = gonad somatic index (gonad maturity index), g = gonad weight (gram), w = the 

total body weight of the fish (gram). 

 

Measure First Gonad Maturity 

The analysis of the size of the first matured fish gonad (Lm) was carried out based on 

the Spearman-Karber model [11]: 

 

𝑚 = [𝑥𝑘 + (
𝑥

2
)] − (𝑥 ∑ 𝑝𝑖)........................................... (4) 

 

where: m: the log size at first maturity; xk: last log size at which 100% of fish are fully mature; 

x: log size increment; pi: the proportion of mature fish for each size group. 

 

𝐶𝐿 =  𝑎𝑛𝑡𝑖𝑙𝑜𝑔 (𝑚 ± 1.96√𝑥2 ∑
𝑝𝑖𝑥𝑞𝑖

𝑛𝑖−1
) ..............................  (5) 

 

where: CL: Confidence limit; m: length at the first maturity; ni: number of fish on length class-

i; qi: 1 – pi 

 

Table 1. Classification of the maturity level gonads [10, 12-19]. 

 

GML Female Male 

I 

Ovaries are like threads, their length 

reaches the front of the body cavity, 

and the surface is smooth. 

The testicles look like threads, 

transparent colors, and visible tips in 

the body cavity. 

II 

The ovaries' size is more extensive, 

yellowish color, and the eggs are 

not visible. 

The testes are larger in size and are 

milky in color. 

III 
The ovaries are yellow, and 

morphologically the eggs are visible. 

The testes' surface looks jagged, and 

the color look whiter than, and the 

size is getting bigger. 

IV 

The ovaries get more prominent than 

before, and the eggs are yellow and 

easy to separate. The oil droplets are 

not visible, filling 1/2 to 2/3 of the 

abdominal cavity. 

The testes are getting denser, and the 

testes are easily broken in a 

preserved state. 

V 

The ovaries are wrinkled, and the 

walls are thick, and the remaining 

eggs are near the release. 

The back of the testicle is deflated and 

near the discharge still filled. 

 

 

Fecundity 

Fecundity observations were only carried out on fish with III and IV gonad maturity 

levels. According to [11-17, 19, 21], fish fecundity can be calculated by the following equation: 
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𝐹 =
(𝐺𝑥𝑉𝑥𝑋)

𝑄
.......................................................... (6) 

 

where: F = fecundity (grain), G = total gonad weight (gram), V= dilution volume (ml), X = 

number of eggs in 1 cc (grain), Q = sample egg weights (gram). 

 

Egg Diameter  

Observation of egg diameter was carried out on female fish with GML III and IV. With 

three repetitions, the sample eggs' diameter was observed as many as 50 eggs in each part of 

the gonad, namely anterior, median and posterior. The sample eggs were lined up on a glass 

slide, then observed using a microscope equipped with an ocular micrometer previously 

measured with an objective micrometer. 

 

 

3.  RESULTS AND DISCUSSION 

Sex Ratio 

There were 811 gold band goatfish observed during the study, consisting of 481 female 

fish and 330 male fish with a total length range of 82 to 219 mm. Analysis of all observed 

sample fish resulted in a sex ratio of 1: 0.7 or 59.31% female fish and 40.69% male fish. The 

Chi-square test at a significant level of 0.05 showed that the overall sex ratio between female 

and male fish was not balanced. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. The sex ratio of gold band goatfish in Rancabuaya waters. 

 

 

Differences in the number and size of fish in a fish population in waters can be caused 

by differences in growth [4-6, 11-17, 19, 21]. The higher the fish growth coefficient value, the 

faster it reaches the asymptotic length, and some species mostly have a short lifespan [22-25]. 

[10] stated that the high sex ratio of female fish could be due to environmental factors and the 

rate of fishing pressure. [2-6] suggested that female fish are less active in water than male fish 



World Scientific News 166 (2022) 1-14 

 

 

-7- 

at the same level of gonad dehydration, so that more female fish are caught than male fish. [4-

6] added that the lower the fish's swimming capability, the less fishing gear could be avoided. 

Differences in the sex ratio of gold band goatfish were also reported by several results from 

other studies, as presented in Table 2. 

 

Gonad maturity level (GML) 

GML I to GML IV were found every month of observation. Female fish were dominated 

by GML III and GML I, while male fish dominated GML I and II. GML III was quite dominant 

in female fish in August at 42.55%, and GML I was dominant in May at 43.80%. GML I was 

dominant in male fish in July at 79.66%, and GML II was dominant in April at 37.31%. GML 

IV in female fish has increased every month, while GML IV in male fish is found in relatively 

fewer numbers. However, GML III and GML IV fish found every month indicate fish 

spawning in these waters [11-17, 19, 21]. 

 

Table 2. The sex ratio of gold band goatfish is based on several research results. 

 

Reference sources Research sites Male Female 
Sex Ratio (Male: 

Female) 

This research 

(2021) 
Rancabuaya water 330 481 1:0.7 

[4] Bajomulyo water 383 189 1:2.0 

[9] Antalya Bay 121 343 1:0.4 

[5] Demak water 1,591 1,409 1:1.1 

[3] Iskenderun Bay 202 216 1:0.9 

 

 

 
Fig. 2. Percentage of gonad maturity levels for female (a) and male (b) gold band goatfish in 

Rancabuaya waters. 
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The proportion of gonad maturity in the gold band goatfish spawning season in 

Rancabuaya waters occurred in April when the gonad maturity index (GMI) reached the highest 

value for both sexes. Furthermore, the fish gonad matured in August indicated that the 

spawning process could occur as the next spawning season after April. Previous studies have 

shown that the spawning time of gold band goatfish in various waters varies considerably. [9] 

in their research in the Gulf of Antalya, Turkey, gold band goatfish spawned a lot in July and 

October. According to [3], gold band goatfish in Iskenderun Bay, East Mediterranean, spawned 

in June and September. According to [12-16, 19, 21], the main factors affecting the maturity 

of fish gonads are temperature and food. There are differences in environmental conditions and 

the availability of these foods in the waters, and it causes the fish spawning time to be different. 

 

Gonad maturity index (GMI) 

The gonad maturity index obtained every month was quite varied. The average GMI 

value in female fish ranged from 1.06 to 2.42, while male fish ranged from 0.31-1.60. The GMI 

value of male fish was lower than that of female fish. The gonad weight of female fish was 

greater than that of male fish [4-6, 12-21]. In April, the highest GMI values of female and male 

fish were 2.42 and 1.60, respectively, and the other months showed relatively fluctuating GMI 

values. The proportion of female and male fish GML III and GML IV in April was quite 

dominant so that the GMI value in that month reached the highest value for both sexes. After 

the fish spawned in May, mature gonad fish decreased, and immature fish dominated the 

samples. It caused the GMI value in May to decline sharply compared to April. For female fish, 

the GMI value increases from June to August, which was thought to be due to the increasing 

proportion of fish gonad matured every month because the young fish experience good growth 

to reach the maturity size of the gonads. 

 

 
 

Fig. 3. The value of GMI of gold band goatfish female (a) and male (b) in  

Rancabuaya waters. 

 

 

For male fish, the GMI value fluctuates because it was influenced by most of the 

immature fish gonads dominating the number of samples. In August, the decline in GMI value 
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was caused by the number of GML I and GML II fish, which were very dominant in the 

number of samples even though many fish had matured gonads in that month. Several other 

research results have reported the same thing that shows the gold band goatfish spawning 

season is quite varied.  

The spawning season for gold band goatfish in Iskenderun Bay, East Mediterranean, 

occurs in June, but a large proportion of mature gonad fish [3]. [9] stated that the spawning 

season for gold band goatfish in Antalya Bay, Turkey occurred in July, but a significant 

proportion of fish gonad matured was also found in October. The spawning season variation 

was caused by fluctuations in the annual rainy season, geographic location, and environmental 

conditions [2-6, 12-16]. [25] added that changes in rainfall affect the fish spawning season. 

 

Measure First Time Gonad Maturity 

The size of the fish when the gonads first mature was a condition where the individual 

has reached the adult size that can produce new individuals. According to [13, 17-21], 

reproduction results depended on adult fish stocks (parental stock). Determination of Lm was 

intended to provide an immense enough opportunity for the parent to spawn to produce new 

individuals. When the fish have reached the first size of the gonad's maturity in certain 

conditions, the fishing needs to be controlled. If this was neglected, fish stocks were likely to 

become extinct, or population size may be limited [2-6, 8-10]. 

Analysis of female fish reaching gonad maturity first at 124 mm, while male fish at 120 

mm (Table 3). In conserving the gold band goatfish resource, the fishing should be done on 

fish more prominent than the value of Lm. That helps avoid overexploitation of immature 

juveniles so that the fish continue to grow until they reach gonadal maturity and are ensured 

to spawn at least once during their lifetime [17-21]. 

Other studies have suggested different Lm gold band goatfish values in several waters 

(Table 3). [17, 21] suggest that fish's length and lifespan for the first time to mature gonads in 

each fish species may vary due to differences in hormones, sex, food availability, and water 

conditions. [13-14] added that each fish species has a different time and size for gonad 

maturation even though it was the same. 

 

Fecundity  

Fecundity was the number of maturity eggs contained in the ovaries of matured gonad 

fish. The number of eggs produced by some spawning parents illustrates the immense 

reproductive potential that supports these fish resource stocks' conservation. In this study, the 

estimated fecundity of gold band goatfish varied, ranging from 955 to 59,356 eggs. The 

variation in fecundity values in gold band goatfish was also suggested by [10] in their research 

in Antalya Bay, Turkey, which found the fecundity of gold band goatfish in these waters 

ranged from 2,231 to 139,065 eggs. [3] also researched the same species (2005) and found 

that gold band goatfish's fecundity in Iskenderun Bay, East Mediterranean ranged from 19,714 

to 64,452 eggs. 

[5] reported that gold band goatfish in Pemalang waters had a fecundity of 19,850 to 

92.13 eggs. Gold band goatfish living in Kendal waters have a fecundity of 6,565 to 17,301 

eggs [2]. Based on the fecundity value variation, the gold band goatfish has high reproductive 

potential because it can produce many individuals when broodstock spawns. 

[2-6] suggested that fish fecundity was closely related to their environment. Fish species 

will change their fecundity when environmental conditions change. The availability of food 
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that affects fish's growth also affects the intensity of eggs produced by an individual. According 

to [21-23], a slow digestion rate due to fluctuating temperature will result in the fish lacking 

appetite, affecting the egg quantity or the fecundity value. [17] suggested that the loss of food 

resources for a fish species due to high fishing activity can affect fish's ability to reproduce, 

leading to a lack of ability to produce eggs. 

 

Table 3. Size of the first maturity of gonad gold band goatfish based on several studies. 

 

Reference sources Research sites 

Size of the first maturity of the 

gonad (mm) 

Female Male 

This research (2021) Rancabuaya water 124 120 

[4] Bajomulyo water 118 108 

[2] Kendal water 166 150 

[9] Antalya Bay 110 110 

[5] Pemalang water 125 120 

 

 

Egg Diameter 

[2-6] suggested that the more gonads developed, the larger the eggs' diameter due to 

deposition of oil grains and the development of the gonads. Observation of egg diameter was 

carried out on gold band goatfish GML III and GML IV eggs, while GML I and GML II fish 

eggs were considered immature sizes. The observations of the diameter of gold band goatfish 

eggs spread in 0.0250-0.6250 mm.  

The observed egg diameter of the samples showed a more significant shift in the size 

distribution so that there were two highest distribution peaks, each of which was in the 0.678-

0.3031 mm class interval as the peak of the first highest egg diameter distribution and the 

0.3739-0.4092 mm class interval the second highest peak of egg diameter distribution. The 

existence of two peaks in the distribution of egg diameter indicates that the gold band goatfish 

in Rancabuaya waters have a partial spawner type. 

According to [2-6], in fish and invertebrates, bimodal egg diameter distribution was 

often found, or two modes, namely the first mode consists of immature gonad eggs and the 

second mode consists of mature eggs. 

[25] stated that the shape and size of eggs in the gonads are homogeneous or the same 

size indicates that these fish have a total spawner pattern, namely the eggs are released as a 

whole during spawning, while the shape and size of eggs in the gonads are not homogeneous 

or not of the same size indicates that the fish has a partial spawner pattern; namely, the eggs 

are released gradually during spawning. According to [16-27], the rate of reproductive failure 

(egg mortality) in fish with a partially spawning pattern is lower than the total spawning 

pattern because of the spawning time that can occur several times the period is extended. If an 

environmental factor does not support, such as predators or fluctuating water physics which 
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can cause the recruitment to be unsuccessful, recruitment can retake in the subsequent 

spawning [26-33]. 

 

 

 
 

Fig. 4. The diameter distribution of gold band goatfish eggs in Rancabuaya waters. 

 

 

4.  CONCLUSIONS 

 

The reintroduction of gold band goatfish in Rancabuaya waters can be disrupted if the 

utilization pattern is not adequately regulated. The greater the value of the sex ratio between 

female and male fish triggers a decrease in reproductive ability because the fertilization rate 

decreases or the eggs' intensity becomes small. Female gold band goatfish reach gonad maturity 

for the first time at a size of 124 mm and males at a size of 120 mm, so it was perfect if the 

fishing was done on fish that have a size more significant than the Lm value. It provides an 

opportunity for the individual to reach the maturity of the gonad, then spawn at least once 

during its lifetime, and then be caught. These reproductive opportunities much help increase 

the resistance of the gold band goatfish to catching intensity. The peak of gold band goatfish 

spawning in Rancabuaya waters was in April, so it was necessary to control or limit fishing 

activity in that month to reduce fishing pressure on spawning broodfish. If the utilization 

pattern was carried out by paying attention to the size of the fish that was fit to be caught and 

the spawning season, then the conservation of the gold band goatfish resources in Rancabuaya 

waters can be guaranteed. 
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