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Foreword 

After a two-year publication hiatus, 

Jurnal Iktiologi Indonesia (the Indonesian 

Journal of Ichthyology) is pleased to resume 

its publication in 2026. The Editorial Board 

sincerely appreciates the continued support 

and encouragement from authors, reviewers, 

readers, and the Indonesian Ichthyological 

Society, which have made the journal's 

revival possible. 

Beginning with the 2026 publication, 

the Indonesian Journal of Ichthyology 

publishes all accepted manuscripts exclusi-

vely in English. This policy is intended to 

enhance the journal's international visibility, 

broaden its readership, and strengthen its 

contribution to the global ichthyological 

research community. We hope that this 

renewed publication and new language 

policy will further promote the dissemi-

nation of high-quality scientific knowledge 

on fishes and fisheries, both in Indonesia and 

internationally. 

The February 2026 issue features five 

articles focusing on the ecology and biology 

of fishes inhabiting natural waters. 

The first article, by Hanif et al., 

describes Morphological and Morphometric 

Characteristics of Otolith Tinfoil Barb in 

The Kamijoro Dam, Kulon Progo Regency. 

It is followed by a paper by Astuti et al., 

which discusses Biodiversity of Ichthyofau-

na in The Pabelan River, Magelang 

Regency. The third article, by Nuur et al., 

reports on the Fish Species Diversity in The 

Krasak River Srumbung Subdistrict Mage-

lang Regency Central Java. The fourth 

paper, by Adiara et al., presents a study on 

Diet Composition and Feeding Habits of the 

Gobiid Fish Eleotris fusca in the Ummiding 

River, Polewali Mandar, West Sulawesi 

Finally, this issue concludes with an article 

on Reproductive Biology of the Goby 

Sicyopterus longifilis from the Matama 

River, West Sulawesi, Indonesia by 

Tikawati et al. 

We hope that the articles published in 

this issue will contribute to the advancement 

of ichthyological science and inspire further 

research. The Editorial  Board is committed 

to maintaining the quality and regular 

publication of the journal in the years to 

come.  

We wish you an enjoyable and 

rewarding reading experience. 

The Editors. 
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Abstract 

The Tinfoil barb (Barbonymus schwanefeldii) is a freshwater fish in the family Cyprinidae, commonly 

found in Southeast Asia, including the waters of the Kamijoro Dam in Yogyakarta. This study aims to 

analyse the morphological and morphometric characteristics of the otoliths of Tinfoil barb across fish size 

classes. The study was conducted from October to December 2025. A total of 267 Tinfoil barb samples 

were collected and grouped into three size classes: small (8.5 – 14.9 cm), medium (15.0 – 18.9 cm), and 

large (19.0 – 29.0 cm). The otoliths used were of the sagitta type, and the following parameters were 

measured: length, width, area, perimeter, weight, and six otolith shape indices. The result showed that 

Tinfoil barb otoliths are asymmetrically elliptical in shape with a heterosulcoid sulcus type. All analyzed 

otolith morphometric parameters showed a significant increase as fish body size increased (p < 0.001). The 

small-sized group showed mean values for the OL, OW, OA, OP, and OWt parameters of 0.282 ± 0.044 

cm; 0.219 ± 0.030 cm; 0.042 ± 0.012 cm²; 0.933 ± 0.149 cm; and 0.002 ± 0.001 g. The medium-sized class 

had mean values for OL, OW, OA, OP, and OWt parameters of 0.352 ± 0.037 cm; 0.261 ± 0.021 cm; 0.060 

± 0.010 cm²; 1.176 ± 0.125 cm; and 0.004 ± 0.001 g. The large size class showed average values for OL, 

OW, OA, OP, and OWt of 1.518 ± 6.000 cm; 1.383 ± 6.023 cm; 1.152 ± 6.063 cm²; 2.719 ± 5.813 cm; and 

1.036 ± 6.084 g. The relationship between fish length and otolith parameters was positive, with a 

coefficient of determination value ranging from indices that reflect ontogenetic changes, namely a decrease 

in roundness, form factor, and rectangularity, as well as an increase in circularity, aspect ratio, and 

ellipticity, indicating a change in shape from a transparent, round form to a more elongated, compact, and 

complex one. 

 

Keywords: population, tengadak, shape index, and waters 

 

 

Introduction 

The Kamijoro Dam is a water resources 

infrastructure facility located on the border 

between Bantul and Kulon Progo Regencies 

in the Special Region of Yogyakarta. It dams 

the Progo River and provides irrigation water 

for the Pijenan District, covering an area of 

2,370 hectares. According to Kementerian 

PUPR (2015), the dam's primary functions 

are to provide irrigation water, raw water, and 

flood control during the rainy season. Beyond 

its hydrological functions, the dam area has 

become a tourist attraction and a public space 

for local community fishing. These activities 

indicate that the waters of the Kamijoro Dam 

possess significant biological resource 

potential, particularly in terms of the 

diversity of freshwater fish inhabiting the 

Progo River. 

One of the fish species frequently caught 

in the Kamijoro Dam area is the Tinfoil barb 

(Barbonymus schwanefeldii). This fish be-

longs to the family Cyprinidae, is benthope-

lagic, and is widely distributed in Southeast 



Morphological and Morphometric Characteristics of Otolith Tinfoil Barb 

2                                                                                                                             Jurnal Iktiologi Indonesia 
 

Asian waters, including Java and Kaliman-

tan (Dahruddin et al., 2021; Froese & Pauly, 

2025; van der Laan & Fricke, 2023). The 

Tinfoil barb holds significant economic 

value as both a food and an ornamental fish 

(Apriani et al., 2025). Optimal management 

of fishery resources requires adequate 

biological information, including studies on 

otolith structure. In addition, research by 

Akmal et al (2025) succeeded in revealing 

morphological variations between B. schwa-

nefeldii populations related to adaptation to 

different habitats. Another study showed 

that B. schwanenfeldii and Barbonymus sp. 

have overlapping morphological characte-

ristics, while B. gonionotus is clearly diffe-

rent. Therefore, it is assumed that B. 

schwanenfeldii and Barbonymus sp. are the 

same species of B. schwanenfeldii (Batubara 

et al., 2018; Efizon et al., 2021). Although 

geographical environmental conditions can 

be the main factor in the occurrence of 

different external morphological and otolith 

adaptations; however, with the analysis of 

morphological and otolith descriptions, it 

turns out that they can be used as indicators 

of genus apomorphy (Samuel et al., 2025). 

Although there are many floating net cages 

in general waters, the results of research by 

Sari et al. (2022) show that there are no 

significant morphological and meristic 

differences between fish living in areas with 

cages or in areas without floating net cages. 

Otoliths (fish ear stones) are hard struc-

tures composed of calcium carbonate and 

organic proteins found in the inner ear of 

teleost fish (Popper & Fay, 2011). In addition 

to serving as organs of balance and hearing, 

otoliths exhibit specific morphological and 

morphometric characteristics that vary by 

species, making them useful for species 

identification, stock assessment, and aquatic 

ecological studies (Campana, 2004). Mor-

phometric parameters of otoliths, such as 

length, width, area, perimeter, and weight, as 

well as shape indices (roundness, form factor, 

aspect ratio, circularity, rectangularity, and 

ellipticity), can reflect differences in habitat, 

life history, and environmental factors that 

influence fish growth (Tuset et al., 2008; 

Kontas & Bostanci, 2015). Furthermore, the 

research results of Bostancı and Yedier 

(2018) stated that otolith morphometry can 

provide an easy and reliable discrimination 

tool for invasive fish populations. According 

to Chalupnicki and Dittman (2016) using a 

new laboratory method to enter the brain 

cavity from the ventral side of the fish to 

expose the otoliths more easily than other 

otolith extraction methods found in the 

literature. Also according to D'Iglio et al. 

(2024) comprehensive research on otoliths 

shows variability in geographically related 

otolith features and size, which may be 

related to genetics, environmental conditions, 

and variations in living habits. Research into 

otoliths (fish ear stones) provides vital demo-

graphic data—such as age, growth rates, 

stock structure, and migration patterns—

needed to understand fishing impacts, define 

harvest strategies, and support sustainable 
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management in tropical fisheries  (Green et 

al., 2009). 

Fish body size indicates an individual's 

growth stage. Small fish are generally re-

ferred to as juveniles, while large fish 

represent the adult stage. The relationship 

between water quality and the psychological 

response of juvenile tinfoil barb fish, recor-

ded an optimal pH of around 6-7 (Oktavia et 

al., 2024) As body size increases, the otolith 

also undergoes structural development, as 

evidenced by changes in its morphology and 

morphometry. In small fish, otoliths tend to 

be transparent with an immature morpholo-

gical structure; conversely, in adult fish, the 

morphology of the otolith becomes denser, 

opaque, and more complex (Campana & 

Thorrold, 2001). Therefore, analysis of varia-

tions in fish size is a key factor in under-

standing the ontogenetic growth patterns of 

otoliths, which can be used to estimate fish 

age and life history. According to Breton et 

al. (2013), using the Huggins mark–recapture 

model were simple method for correcting 

length‐frequency estimates for imperfect de-

tection could be widely applied when mark–

recapture data are available. According to 

Erzini (1990) the use of the modified 

Bhattacharya method, shows that life history 

characteristics must be taken into account 

when designing sampling strategies for length 

frequency-based analysis. In addition, several 

researchers concluded that otolith shape 

analysis can help fish identification activities 

(Rai & Rani, 2022). 

Although the Tinfoil barb has ecological 

and economic value, research on its otolith 

characteristics remains very limited, particu-

larly in Indonesian waters. This study aims to: 

(1) analyze the morphological characteristics 

of Tinfoil barb (Barbonymus schwanefeldii) 

otoliths found in the Kamijoro Dam area; (2) 

analyze the relationship between otolith mor-

phometric parameters and Tinfoil barb body 

size; and (3) describe variations in the shape 

and size of Tinfoil barb otoliths based on fish 

size classes. The results of this study are ex-

pected to provide scientific data on the otolith 

characteristics of the Tinfoil barb as a basic 

reference for fish biology studies in tropical 

waters and to support strategies for the sus-

tainable management and conservation of fish 

resources. If public waters are managed pro-

perly, according to Kartamihardja et al. 

(2009), it will have an impact on increasing 

production by at least 20% and ecological 

function, so that inland public water fisheries 

can be used as a mainstay for the economic 

development of the community, especially 

fishermen. 

 

Materials and Methods 

 Study Site 

The study was conducted at the Kamijoro 

Dam, located on the border of Bantul and 

Kulon Progo Regencies in the Special Region 

of Yogyakarta, specifically along the Progo 

River. Fish and otolith samples were collec-

ted from October to December 2025. Sample 

analysis was performed at the performed at 
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the Fisheries Resource Management Labo-

ratory and the Aquatic Ecology Laboratory, 

Department of Fisheries, Gadjah Mada Uni-

versity (Fig. 1). 

Sample Collection and Handling 

Samples of Tinfoil barb (Barbonymus 

schwanefeldii) were collected from catches 

made using Wadhong gandul fishing gear in 

the waters around the Kamijoro Dam. The 

collected fish were stored in a cool box filled 

with ice to maintain their quality during 

transport to the laboratory. Next, the fish were 

measured for total length (TL) to 0.1 cm 

precision with a ruler and weighed on a digital 

scale. The fish were then dissected to 

determine sex based on gonad observation. 

The otolith samples from the right and left 

sides were morphometrically similar. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The asteriscus otoliths are oval, elonga-

ted, and have a regular surface (Kantun et al., 

2024). 

Fish Size Class Grouping 

Size class grouping based on total fish 

length used the Sturges (1926) formula to 

determine the optimal number of classes, 

calculated as:  

K = 1 + 3.3 log n 

             n = Total number of samples  

 

Based on the calculation results, the class 

interval obtained was 6.83 cm (rounded to 7 

cm). The fish were grouped into three size 

classes: small (8.5 – 14.9 cm; juvenile phase), 

medium (15.0 – 18.9 cm; subadult phase), 

and large (19.0 – 29.0 cm; adult phase). The 

classification of size classes into three cate-

gories is based on a general approach in 

otolith morphometric research that accounts  

Figure 1. Map of the Kamijoro dam located downstream of the Progo River  

                as a sampling for fish sampling 
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Table 1. Morphometric indices of otolith shape 

 
 

 

 

 

 

 

 

 

 

 

 

for variations in  fish  body  size across 

growth phases, such as juvenile, subadult, 

and adult. Based on the calculation results, 

the class interval obtained was 6.83 cm 

(rounded to 7 cm). The fish were grouped into 

three size classes: small (8.5 – 14.9 cm; 

juvenile phase), medium (15.0 – 18.9 cm; 

subadult phase), and large (19.0 – 29.0 cm; 

adult phase). The classification of size classes 

into three categories is based on a general 

approach in otolith morphometric research 

that accounts for variations in fish body size 

across growth phases, such as juvenile, 

subadult, and adult. This statement is 

supported by otolith studies showing that 

otolith structure and morphology change as 

individuals grow from juveniles to adults 

(Tonheim et al., 2020). 

Otolith Extraction  

Extraction of sagitta-type otoliths was 

performed using the ventral method through 

the gill cavity (up-through-the-gills method), 

as described by Secor et al. (1992). The fish 

were placed with their ventral side facing  

 

 

 

 

 

 

 

 

 

 

 

 

upward, and the gill arches were placed with 

their ventral side facing upward, and the gill  

arches were incised to expose the opercular 

cavity. The shiny white sagitta otolith was 

removed from the otic capsule behind the eye 

socket using fine-tipped forceps. The otolith 

was then cleaned of attached tissues with 

bleach (Bayclin), dried at room temperature, 

and stored in a labeled, sealed plastic cup.   

Otolith Imaging and Morphometric 

Measurements 

Otolith images were captured using a cell 

phone camera and a mini photobox with a 

black paper background to optimize contrast. 

The otoliths were placed on graph paper as a 

calibration scale, with the sulcus acustucis 

oriented upward. Otolith morphometric 

parameters were measured using ImageJ 

software, including: otolith length (OL; cm), 

otolith width (Ow; cm), otolith area (OA; 

cm2) and otolith perimeter (OP; cm). Otolith 

weight (OWt; g) was measured using an ana-

lytical balance with a precision of  0.0001 g. 
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Figure 2. Morphology of Tinfoil barb (Barbonymus schwanefeldii) 

(source: FishBase, 2025) 

 

 

 

 

 

 

 

 

 

 

 

Otolith Shape Indices 

Six otolith shape indices were calculated 

from the morphometric parameters using 

formula from Tuset et al. (2003) and Kontas 

& Bostanci (2015) (Table 1). 

Data Analysis 

The data were statistically analyzed 

using OriginPro 2026 software. Descriptive 

statis-tics (minimum, maximum, mean, and 

standard deviation) were presented for all 

otolith morphometric parameters based on 

variations in body size, sex, and otolith 

location (left and right). The Shapiro-Wilk 

test was used to assess the normality of the 

data. Since the data were not normally 

distributed (p < 0.05), comparisons were 

made using nonparametric approaches: the 

Kruskal-Wallis test to compare morpho-

metric differences among fish size groups, 

and the Wilcoxon Signed-Rank test to 

compare left and right otoliths and to assess 

differences between sexes. Effect size (r) was 

calculated to assess the practical significance 

of the fdings. According to Mesa et al. 

(2020), the otolith morphology analysis 

model is highly dependent on the species.  

 

 

 

 

 

 

 

 

 

 

From the existing models, the K-nearest 

neighbor model can be considered the best. 

Analysis of the relationship between 

fish body length and otolith morphometric 

parameters was performed using simple 

linear regression with the equation y = a + bx, 

where y is the otolith morphometric para-

meter, a is the intercept, b is the slope, and x 

is the fish body length. The coefficient of 

determination (R2) was used to assess the 

proportion of variation in otolith size 

explained by fish body length (Cohen, 2016). 

Result 

A total of 300 Tinfoil barb (Barbonymus 

schwanefeldii) (Figure 2 ) were successfully 

caught, consisting of 161 males and 139 

females. A total of 267 pairs of otoliths were 

collected, comprising 143 pairs from males 

and 124 pairs from females. Data grouping 

revealed 132 small, 99 medium, and 36 large 

individuals. The data indicate that the Tinfoil 

barb population in the Kamijoro Dam during 

the study period was dominated by small to 

medium-sized individuals. 
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Figure 4. Variations in the otoliths of Tinfoil barb 
(a) small-sized otolith (8.5 – 14.9 cm TL), (b) Medium-sized otolith (15.0 – 18.9 cm TL),  

(c) Large-sized otoliths (19.0 – 29.0 cm TL) 

 

(a) (c) 

Table 2. Morphometric averages of Tinfoil barb otolith 

 

Figure 3. Morphology of the otoliths of the Tinfoil barb 

 

(b) 

Morphological Characteristics of Tinfoil 

Barb Otolith 

The otoliths used are of the sagitta type, 

the largest otoliths in fish and most 

commonly used in studies of morphology, 

age, and identification. Observations of 

Tinfoil barb otoliths reveal anterior, dorsal, 

ventral, and posterior regions. The anterior 

region has two projections: the elongated, 

pointed rostrum and the shorter antirostrum. 

Between these two sections lies a gap known 

as the excisura. The notch is a shallow identa- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

tion along the dorsal margin, while the 

posterior margin features an irregular, serrated 

edge. The core marks the starting point of 

otolith formation, and the primordium is an 

irregular ring surrounding the core. There is 

also the sulcus acusticus, which consists of 

two parts: the ostium at the anterior end and 

the cauda at the posterior end. Upon obser-

vation, the otolith of the Tinfoil barb is asym-

metrical and relatively irregular, with a hete-

rosulcoid sulcus acusticus (Figure 3.). 
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Table 3. Morphometric averages of Tinfoil barb otoliths based on size variation 

 

Table 4. Morphometric analysis of Tinfoil barb otoliths by sex. 

 

 

 

 

 

 

 

Variations in fish body size provide the 

basis for examining the otolith morphology of 

the Tinfoil barb. Otoliths from small fish 

show an early stage of development, with the 

rostrum and antirostrum not yet having 

undergone significant elongation, crenulation 

on the posterior and ventral surface still not 

very distinct, and the sulcus acusticus not 

very clear. Medium-sized otoliths show quite 

noticeable differences: the rostrum and 

antirostrum begin to elongate, the crenulation 

becomes more distinct, and the excisura 

begins to deepen. Large fish otoliths exhibit a 

more complex shape, with a clearly visible 

and elongated rostrum and antirostrum, a 

deeper excisura, more pronounced crenu-

lation, a thicker, denser, and more opaque 

otolith, and an acoustic sulcus that is recog-

nizable with clear boundaries (Figure 4). 

Morphometric Characteristics of Tinfoil 

Barb Otoliths 

Morphometric analysis of otoliths in 

Tinfoil barb was conducted to assess va-

riation in body size, sex, and otolith location. 

 

 

 

 

 

 

 

 

 

 

  

The overall results of the otolith mor-

phometric measurements showed an average 

otolith length (OL) of 0.337 ± 0.097 cm, 

otolith width (OW) of 0.254 ± 0.065 cm, 

otolith area (OA) of 0.006 ± 0.040 cm2, 

otolith perimeter (OP) of 1.128 ± 0.354 cm, 

and otolith weight (OWt) of 0.004 ± 0.002 g 

(Table 2). 

Morphometric measurements of otoliths 

based on variations in fish body size increas-

ed. The small classes showed an average OL 

of 0.282 ± 0.044 cm. OW 0.219 ± 0.030 cm. 

OA 0.042 ± 0.012 cm². OP 0.933 ± 0.149 cm 

and OWt 0.002 ± 0.001 g.. The medium-sized 

class had an average OL of 0.352 ± 0.037 cm. 

OW 0.261 ± 0.021 cm. OA 0.060 ± 0.010 

cm². OP 1.176 ± 0.125 cm; OWt 0.004 ± 

0.001 g. The large size class showed an ave-

rage OL of 0.504 ± 0.152 cm. OW 0.365 ± 

0.107 cm. OA 0.127 ± 0.076 cm². OP 1.741 ± 

0.574 cm; OWt 0.007 ± 0.003 g (Table 3). 

Based on sex, the morphometric values 

of male fish otoliths were slightly larger than 

those of female fish otoliths for some para - 
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Table 5. Otolith morphometrics based on location  

 

 

 

 

 

 

meters; however. The average otolith weight 

was the same for both sexes (Table 4). 

Morphometric measurements based on oto-

lith location revealed very small differences 

and showed that the left and right otoliths 

were relatively similar (Table 5). 

The results show that the morphometric 

characteristics of the left and right otoliths 

differ only slightly and are generally similar. 

To support this finding, statistical tests were 

conducted using OriginPro 2026 software. 

Therefore, a normality test was performed 

first as a prerequisite for the statistical tests. 

Normality Test  

A normality test is conducted to deter-

mine whether the data are normally dis-

tributed. The results of this normality test will 

be used to determine which statistical test to 

use in the subsequent analysis: a parametric 

test if the data are normally distributed, or a 

non-parametric test if they are not. The 

normality of the data representing differences 

in morphometric values between the left and 

right otoliths was assessed using the Shapiro-

Wilk test. 

The result of the normality test using the 

Shapiro-Wilk test showed that, of the five 

parameters, only one parameter was normally  

 

 

 

 

 

 

 

 

distributed, while the rest were not normally 

distributed because they had p-values less 

than 0.05 (p < 0.05). A p-value smaller than 

the significance level of 0.05 indicates that 

the data do not meet the requirements for a 

normal distribution, so parametric statistical 

analysis cannot be used. Therefore, the ana-

lysis of differences between the left and right 

otoliths was performed using the nonpara-

metric Wilcoxon signed-rank test. This is a 

statistical method for comparing two paired 

samples when the data are normally distri-

buted. 

Wilcoxon Signed-Rank Test 

The test results showed significant 

differences in all otolith morphometric 

parameters, except for otolith weight, which 

did not differ significantly. Based on the 

effect size (r), the parameters of length, 

width, and circumference fall into the small 

effect category, otolith area into the moderate 

effect category, while weight shows no 

effect. Although statistically significant, the 

diffe-rences are biologically classified as 

small to moderate. In line with the study's 

focus on fish size variation, further analysis 

used only the left otolith as a representative 

sample to ensure consistency (Table 6). 

 



Morphological and Morphometric Characteristics of Otolith Tinfoil Barb 

10                                                                                                                             Jurnal Iktiologi Indonesia 
 

Table 6. Wilcoxon signed-rank 

test. 

 

*small: 0.10 ≤ r < 0.30  
**moderate: 0.30 ≤ r < 0.50  
***no effect: r = 0 

 
Table 7. Otolith shape index results based on size variation 

 

 

 

 

 

 

 

 

 

 

 

 

 

Morphometric Differences in Otoliths 

Among Fish Size Groups 

 

The results of the Kruskal-Wallis test 

showed that all otolith parameters differed 

sig-nificantly among fish size groups (p-

value < 0.0001). The median values of all 

parameters increased consistently with 

increasing fish size classes. The median 

otolith length increased from 0.280 cm in the 

small size group to 0.424 cm in the large size 

group. Increases were also observed in otolith 

width (0.216 cm to 0.302 cm), otolith area 

(0.040 cm² to 0.081 cm²), otolith 

circumference (0.909 cm to 1.365 cm), and 

otolith weight (0.0022 g to 0.0065 g). 

Otolith Shape Index 

Analysis of the otolith shape index 

revealed variation in values across fish size 

classes. The descriptors roundness (Ro), 

Form factor (FF), and Rectangularity (Rt) 

showed a decrease in values as fish size incre-

ased: Ro from 0.666 ± 0.04 to 0.642 ± 0.027; 

FF from 0.617 ± 0.114 to 0.516 ± 0.066; 

 

 

 

 

 

 

 

 

 

 

 

 

 

and Rt from 0.663 ± 0.07 to 0.596 ± 0.047. 

Conversely, the values of the circularity (C), 

aspect ratio (AR), and Ellipticity (E) 

increased: C from 21.242 ± 5.045 to 24.76 ± 

3.137; AR from 1.289 ± 0.096 to 1.376 ± 

0.088; and E from 0.125 ± 0.036 to 0.157 ± 

0.031 (Table 7). 

The Relationship Between the Length of 

Tinfoil Barb and Otolith Morphometry  

 
The results of the linear regression 

analysis showed a positive relationship 

between the body length of Tinfoil barb and 

all otolith morphometric parameters, such 

that each increase in body length, width, area, 

perimeter, and weight of the otolith was 

associated with an increase in body length. 

The coefficient of determination (R2) values 

for these five parameters ranged from to 

0.50707 to 0.081368, indicating that most of 

the variation in otolith size can be explained 

by variations in fish body length. Quan-

titatively, every 1 cm increase in otolith 

length with R2 = 0.64369 (63.37%), while the  
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(a) (b) 

(c) (d) 

(e) 

Figure 5. Relationship between the length of Tinfoil barb and otolith morphometric       

                parameters: (a) otolith length, (b) otolith width, (c) otolith area,  

               (d) otolith perimeter, and (e) otolith weight. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

R² values for otolith width, area, perimeter, 

and weight are, respectively, 0.61539 

(61.54%), 0.50707 (50.71%), 0.61214 

(61.21%), and 0.81368 (81.37%). Thus, these 

values con-firm that otolith morphometric 

growth occurs in tandem with the growth of 

the fish's body length. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

 The sagitta otolith of the Tinfoil barb 

exhibits an asymmetrical elliptical shape with 

a heterosulcoid acoustic sulcus, which is cha-

racteristic of the Cyprinidae family 

(Lombarte & Cruz, 2007). The presence of an 

elongated rostrum, antirostrum, excisura, 

notch, and crenulation on the posterior mar-

gin indicates an uneven pattern of calcium 



Morphological and Morphometric Characteristics of Otolith Tinfoil Barb 

12                                                                                                                             Jurnal Iktiologi Indonesia 
 

carbonate deposition throughout growth 

(Campana, 2004). Morphological develop-

ment from small to large sizes reflects a 

complex biomineralization process that oc-

curs throughout the fish's life. At small size, 

the otolith remains transparent and has a 

simple structure because daily deposition of 

aragonite crystals is still in its early stages 

(Mille et al., 2016). This lack of otoliths 

biomineralization process of fish knowledge, 

it can lead to misinterpretation of the different 

types of signals (e.g., optical or chemical) that 

provide basic data for research in fish 

ecology, fisheries management, and species 

conservation (Pontual et al, 2024).  As the 

fish grows, the otolith becomes denser, more 

opaque, and more complex, with distinct 

annular lines that record daily or annual 

growth (Kang et al., 2025). These changes are 

consistent with the findings of Tuset et al. 

(2008) that otolith morphology evolves with 

age and body size. Meanwhile, according to 

Hasugian et al. (2021), Tinfoil Barb is 

classified as an omnivore based on analysis of 

food types and the ratio of intestinal length to 

total length. 

All otolith morphometric parameters 

(length, width, area, perimeter, weight) 

increased significantly with fish body size (p 

< 0.001). This indicates positive allometric 

growth between the otolith and the body, a 

finding supported by studies on other 

Cyprinidae fish (Nimesh et al., 2021; Kontas 

& Bostanci, 2015). The increase in median 

values from small to large sizes indicates 

continuous calcium carbonate deposition 

along the otolith margins throughout the fish's 

lifespan (Campana, 2004). The results study 

by Fatiqin et al., 2022 showed that the 

morphometric measurements of Barbodes 

schwanenfeldii obtained in the Rupit River 

waters were smaller than those of Barbodes 

schwanenfeldii fish found in other river 

waters because these waters had experienced 

heavy metal pollution. 

Sex differences were relatively small, 

suggesting that otolith size is more influenced 

by somatic growth than by reproductive 

factors. These results are consistent with the 

findings of Musaa et al. (2023) on 

Barbonymus schwanefeldii in Lake Kenyir, 

Malaysia. Similarly, the differences between 

the left and right otoliths were statistically 

significant but had a small to moderate effect 

size, making them biologically insignificant. 

Lychakov (2013) added that low bilateral 

asymmetry supports optimal hearing and 

balance function. For sexual maturity 

conditions, the results of research by Kusmini 

et al. (2023) showed that male tinfoil barb 

fish reached sexual maturity at a standard 

length of 16.01±1.18 cm, while females at 

15.79±1.23 cm. 

Changes in the otolith shape indices from 

small to large sizes show a clear ontogenetic 

pattern. Decreases in roundness, form factor, 

and rectangularity, and increases in 

circularity, aspect ratio, and ellipticity, 

indicate that the otoliths change from a round 

shape to a more elongated, elliptical, and 

complex shape as the fish grow. This is cause 
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by uneven calcium carbonate deposition 

along different axes, resulting in the edges of 

the otolith developing more prominently in 

the longitudinal direction (Tuset et al., 2003). 

These changes are also related to the 

development of sensory function; larger, 

more elongated otoliths can alter the 

mechanical response to sound vibrations and 

linear acceleration (Popper & Lu, 2000). 

These findings are consistent with studies on 

Barbus tauricus (Kontas & Bostanci, 2015) 

and Rhodeus amarus (Saygin et al., 2020), 

which show that the otolith shape index is 

sensitive to ontogenetic growth and environ-

mental conditions. 

Linear regression analysis revealed a 

strong positive relationship between total fish 

length and all otolith morphometric 

parameters, with R² values ranging from 

0.507 to 0.814. The highest R² value for 

otolith weight (0.814) indicates that 

biomineral accumulation during growth is 

closely linked to increases in body size. 

Otolith weight is the most appropriate 

parameter for estimating fish size, as has also 

been reported in other species (Bhakta et al., 

2020; Ankita & Khan, 2022). This 

relationship reinforces the notion that otoliths 

are structures that grow throughout an 

individual's lifetime and reflect its growth 

history (Campana, 2004; Andrialovanirina et 

al., 2026). Overall, the study's results confirm 

that Tinfoil barb otoliths exhibit specific 

morphological and morphometric charac-

teristics, vary ontogenetically, and can serve 

as indicators of growth and population 

identification. This study provides a scien-

tific basis for the management of Tinfoil barb 

resources at the Kamijoro Dam. 

Conclussion 

The sagittal otoliths of the Tinfoil barb 

(Barbonymus schwanefeldii) at the Kamijoro 

Dam are asymmetrical, elliptical, and exhibit 

a heterosulcoid sulcus pattern, a charac-

teristic feature of the Cyprinidae family, and 

their structural complexity increases with 

body size. Morphometrically, all parameters 

(length, width, area, perimeter, and otolith 

weight) showed a highly significant positive 

correlation with total fish length, with otolith 

weight being the most reliable parameter for 

estimating somatic growth. Shape index 

analysis revealed distinct ontogenetic 

changes, characterized by decreases in 

roundness, form factor, and rectangularity, 

and increases in circularity, aspect ratio, and 

roundness, form factor, and rectangularity, 

and increases in circularity, aspect ratio, and 

ellipticity, reflecting a transformation in sha-

pe from round in small fish to elongated and 

complex in large fish. These results confirm 

that Tinfoil barb otoliths serve as an effective 

biological archive for estimating body size 

and for studying population dynamics, there-

by contributing to sustainable fisheries mana-

gement in tropical reservoir ecosystems. 
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Abstract 

Pabelan River is one of the most important rivers in Magelang Regency. This research aims to determine the 

diversity and composition of the ichthyofauna in the Pabelan River, Magelang Regency. The research was 

conducted from August to October 2025 at three observation stations selected through purposive sampling. 

Fish were caught using nets with a mesh size of ¾ inch and a diameter of 4 meters. Sampling was conducted 

over eight weeks, twice a week, from 08.00-14.00 WIB, for two hours at each research station. Data analysis 

was conducted using the Shannon-Wiener diversity index (H’), Evenness uniformity index (E), and Simpson 

dominance index (C). The results show that there are 13 fish species classified into 8 families and 4 orders, 

with the order Cypriniformes being the most dominant. Ancistrus multispinis is recorded as the overall 

dominant species (RA 43.6%), but it was only found at the settlement station. The average length distribution 

of the fish was dominated by small fish (<10 cm), accounting for more than 50%. Meanwhile, the average 

weight percentage of fish sized <10 gs was more than 38%. The diversity index value (H’) obtained ranged 

from 0.81 to 1.73, the evenness index (E) from 0.35 to 0.83, and the dominance index (C) from 0.20 to 0.65. 

Environmental parameters indicate temperatures of 25.9–26.7 °C and a pH of 7.25–7.49, within the range 

that supports freshwater fish life. Meanwhile, the physical conditions of the water show a current speed of 

0.31–0.73 m/s, a brightness of 8.8–11.6 cm, a depth of 43–59 cm, and a width of 17.3–29.2 m. Overall, the 

diversity of ichthyofauna in the Pabelan River is classified as moderate, with environmental conditions that 

still support freshwater fish. 

 

Keywords: composition, diversity, ichthyofauna, Pabelan River. 

 

 

Introduction 

The Pabelan River originates on the 

slopes of Mount Merapi in Magelang 

Regency, Central Java, and flows into the 

Progo River. This river is 31.7 kilometers long 

and has three tributaries: the Trising River, the 

Apu River, and the Senowo River (Aprilian et 

al., 2023). It also carries volcanic material 

from Mount Merapi following the 2010 

eruption (Fauziyah et al., 2018). As a 

waterway influenced by volcanic activity, it 

has a substrate dominated by sand and 

volcanic rock from upstream to downstream, 

with moderate to strong currents. The specific 

geomorphological conditions of this tropical 

river theoretically provide ecological niches 

for various native Indonesian fish species, 

particularly those from the families 

Cyprinidae, Gobiidae, and Balitoridae, which 

possess morphological adaptations to strong 

currents. However, these conditions also  

trigger human activities such as sand mining 

and the construction of sabo dams along the 
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river course, which may alter aquatic habitat 

characteristics and affect fish diversity 

(Fauziyah et al., 2018; Gob et al., 2016). 

Despite the pressures of human activities, 

rivers-as freshwater ecosystems-play a vital 

role in supporting biodiversity, including fish 

communities that can reflect the condition of 

aquatic ecosystems through the variety of 

habitats they possess. According to Dudgeon 

(2019), diverse river conditions and varied 

habitats drive the high number of species and 

freshwater biodiversity worldwide. Previous 

research conducted on river sections with 

varied substrate habitats (sand and rock) and 

anthropogenic disturbances includes a study 

on the Progo River. The study by Jailani & 

Mujtahidah (2021) revealed that the Progo 

River hosts fish fauna comprising 23 species 

across 5 orders and 11 families, with the 

Cyprinidae family as the dominant group. The 

highest relative abundance was found in the 

balar fish (Barbonymus balleroides), while the 

lowest relative abundance was observed in the 

kekhel fish (Glyptothorax platypogon). The 

Pabelan River, located in the same province 

and flowing into the Progo River, is also of 

research interest and has the potential for high 

biodiversity, similar to the Progo River but 

with different structures and compositions due 

to variations in the local hydrology of its 

waters. 

Despite this ecological potential, research 

on the composition and diversity of ichthyofa- 

na in the Pabelan River remains relatively  

 

limited compared to that of the Progo River. 

Therefore, this study was conducted to 

determine the diversity and composition of the 

ichthyofauna in the Pabelan River, Magelang 

Regency, to provide baseline information on 

the condition of the local aquatic ecosystem. 

This study is expected to serve as baseline data 

to guide the sustainable management of 

aquatic resources. Additio-nally, the results of 

this study can support efforts to conserve 

ichthyofaunal biodiversity, inform policy 

development, and empower communities 

living along the Pabelan River to use natural 

resources responsibly. 

MATERIAL AND METHODS 

Study site 

 This study was conducted from August to 

October 2025 along the Pabelan River in 

Magelang Regency, Central Java Province. 

Sampling was conducted at three main stations 

across two subdistricts: Sawangan Subdistrict 

(Station 1 in Krogowanan Village and Station 

3 in Gondowangi Village) and Dukun 

Subdistrict (Station 2 in Banyudono Village). 

Sampling locations were determined using 

purposive sampling, which involves selecting 

sites based on specific criteria. In, sampling is 

done intentionally based on certain criteria that 

allow researchers to focus on the groups or 

individuals most relevant to the research 

objectives The primary criteria used for site 

selection in this study were the distribution 

along the Pabelan River, which encompasses  
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Figure 1. Map of the study area along the Pabelan River (red box). The brown  

                 lines indicate national and provincial roads. The broken line marks  

                 district boundaries. 

 

 

 

 

 

 

 

 

 habitat variations (separated by dams, sand 

mining intensity, and surrounding environ-

mental conditions); administrative differen-

ces between villages to ensure regional repre-

sentation; and locations actively used by the 

community for fishing. A map of the study 

locations is shown in Figure 1. Details on the 

location and specific environmental charac-

teristics of each research station are provided 

in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research Procedures 

 The study was conducted in several 

stages, including fish sampling, measurement 

of water parameters, and data analysis. Fish 

sampling was carried out over eight weeks, 

with samples collected twice weekly and 

assistance from local fishermen. Sampling took 

place in the morning and afternoon from 8:00 

AM to 2:00 PM local time, with two hours 

allocated at each location.  

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Coordinates and conditions of research stations 
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Fish were caught using a net with a mesh 

size of ¾ inch (1.905 cm) and a diameter of 4 

m. A net was chosen because it can catch fish 

of relatively diverse sizes and species 

compared to other gear commonly used at the 

study site. Each caught fish was then iden-

tified, counted, placed in a sample bag, and 

stored in a cold box filled with ice to maintain 

freshness before being transferred to a freezer 

for unidentified samples. Taxonomic iden-

tification was performed visually, referencing 

identification guides and the FishBase data-

base. Physical characteristics of the fish, such 

as total length, were measured with a ruler to 

0.5 mm precision, while body weight was 

measured with a digital scale to 0.1 g 

precision and recorded with a smartphone 

camera. 

Water quality and river hydrological 

parameters were measured directly in 

triplicate at each station, including tempe-

rature, pH, turbidity, current velocity, depth, 

width, and the types of substrate and 

surrounding vegetation. Station coordinates 

were determined using GPS on mobile 

devices and the Timemark app. Water 

temperature was measured with a digital 

thermometer, and pH with a pH meter 

calibrated with a buffer solution. Water 

turbidity was measured using a Secchi disk 

lowered into the water column until the black 

and white marks were no longer visible (d1), 

then slowly raised until they reappeared (d2), 

and calculated using the formula: 

𝑇𝑟𝑎𝑛𝑠𝑝𝑒𝑟𝑒𝑛𝑐𝑦 =
(𝑑1+𝑑2)

2
. Current velocity 

is measured manually by releasing a ping-

pong ball 10 m downstream and recording the 

elapsed time using a stopwatch. River depth 

is measured using a weighted rope lowered 

until it touches the riverbed, while river width 

is measured using a linear measurement tool. 

The type of substrate and surrounding 

vegetation is analyzed visually through direct 

observation at each observation station. All 

data obtained is then recorded in a notebook 

as primary data. 

Data Analysis 

The collected data on fish species will 

then be presented in tabular form, along with 

the number of individuals for each species, to 

facilitate assessment of species abundance, 

diversity, evenness, and dominance. 

The relative abundance (RA) of fish 

species in a given area can be calculated using 

the following formula: 

𝑅𝐴 = (
𝑛𝑖

𝑁
) 𝑥 100% 

Note: ni = number of individuals of species i; 

N = total number of individuals of all species 

The fish diversity index for an 

ecosystem or region can be calculated using 

the following formula: 

𝐻′ = − ∑ (
𝑛𝑖

𝑁
) ln (

𝑛𝑖

𝑁
) 

The diversity index value obtained will 

indicate the level of ichthyofauna diversity in 

an ecosystem. The higher the diversity index 

value, the more diverse the ichthyofauna. The 

scale or range of diversity index values 

includes H’ ≤ 1 (low category), 1 < H’ ≤ 3 

(moderate category), and H’ ≥ 3 (high 

category). 
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Table 2. Environmental parameters at the sampling station on the Pabelan River  

 

 

 

 

 

 

 

The evenness index of the ichthyofauna 

in an ecosystem or region can be calculated 

using the following formula: 

𝐸 =
𝐻′

𝑙𝑛 𝑆 
 

Note: H’ = diversity index; S = number of 

species 

The resulting evenness index value 

indicates the degree of evenness of the 

ichthyofauna in an ecosystem. The higher the 

evenness index value, the greater the degree 

of balance. The scale or range of evenness 

index values includes E < 0.4 (low category), 

0.4 < E < 0.6 (moderate category), and E > 

0.6 (high category) (relatively uniform). 

The species dominance index for an 

ecosystem or region can be calculated using 

the following formula: 

𝐶 = (
𝑛𝑖

𝑁
)2 

The dominance index value obtained 

indicates the degree to which one species 

dominates others within an ecosystem. The 

dominance index is inversely proportional to 

the evenness index; thus, the higher the 

dominance index, the lower the degree of 

ecosystem balance as species dominantes. 

 

 

 

 

 

The dominance index ranges from 0 to 1; the 

closer the value is to 1, the more evident the 

presence of a dominant species in that 

community, and vice versa. 

    RESULT 

    Environmental Conditions 

Environmental parameters at each 

station are presented in Table 2. Envi-

ronmental conditions were relatively 

uniform, with variations in the water's 

physical parameters. Temperature and pH 

tended to increase from Station 1 to Station 

3, but the ranges did not differ significantly. 

Station 1 has the highest flow velocity, while 

Stations 2 and 3 have relatively lower flow 

velocities. Water clarity decreases prog-

ressively down-stream, indicating an in-

crease in suspended particles in the water 

column. From Station 1 to Station 3, the river 

width increases, while water depth varies 

between stations without a clear pattern. The 

bottom substrate at all three stations is 

dominated by rocks and sand, along with 

riparian vegetation consisting of grasses, 

shrubs, and a few banana trees. These 

conditions indicate that the three stations 

share a relatively homogeneous habitat type,  
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Table 3. Types of fish fauna caught in the Pabelan River, Magelang Regency 

 

Table 4. Composition of the fish fauna caught in the Pabelan River, Magelang Regency 
 

 

 

 

 

 

 

 

 

 

 

 

with the primary differences lying in the 

hydrological characteristics of the water. 

Fish Composition 

 The ichthyofauna collected from the 

Pabelan River in Magelang Regency compri-

ses 13 species across 8 families and 4 orders. 

The species are dominated by the order 

Cypriniformes, which comprises three 

families: Cyprinidae, Balitoridae, and 

Nemacheilidae. The family Cyprinidae is the 

most species-rich, with 6 species. Meanwhile, 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

the orders Perciformes and Anabantiformes 

have the fewest species, each represented by a 

single species. In detail, the types of 

ichthyofauna caught during the study are 

shown in Table 3. 

A total of 606 fish individuals were 

captured during the study period, dominated 

by Ancistrus multispinis with a relative 

abundance of 43.6%, while the species with 

the lowest abundance were Barbonymus 

gonionotus, Osteochilus vittatus, and 

Nemacheilus chrysolaimos, of which only one 
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Table 5. Length and weight of the captured fish 

 

individual each was found (0.2%). Other 

species had relative Other species had relative 

abundances ranging from 0.3% to 11.9%. 

Details of the number of each species at each 

station are shown in Table 4. 

Length and Weight Distribution 

The length and weight distribution of the 

fish collected during the study are shown in 

Table 5. More than 50% of the average length 

of the caught fish was <10 cm, and more than 

38% of the average weight of the caught fish 

was <10 g. Clarias batrachus was the largest 

species compared to others, with an average 

length of 20.5 cm and an average weight of 

74.5 g. The largest Clarias batrachus specimen 

measured 23.0 cm in length and weighed 80 g. 

Meanwhile, Glyptothorax platypogon was the 

smallest fish species, with an average length 

of 6.55 cm within a length range of 5.0–9.5 

cm, while Barbodes binotatus was the lightest 

species, with an average weight of 3.98 g 

within a weight range of 2.0–8.0 g. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Community Structure 

Community structure can be assessed 

basedon the diversity, evenness, and 

dominance indices presented in Table 6. The 

diversity index (H’) values range from 0.81 to 

1.73, indicating a low to moderate category. 

The evenness index (E) ranges  from 0.35 to 

0.83. An evenness value close to 1 indicates a 

relatively even distribution of individuals 

across species, while a lower value indicates 

an imbalance in the number of individuals 

among some species. Meanwhile, the 

dominance index (C) ranges from 0.20 to 0.65, 

indicating variations in species dominance 

levels across observation stations. 

DISCUSSION 

The dominance of the order 

Cypriniformes in the study results indicates 

that the Pabelan River still provides a suitable 

habitat for freshwater fish. According to 

Kuchta et al. (2020), Cypriniformes is one of 
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Table 6. Diversity, evenness, and dominance indices by sampling station 

 
 

 

 

 

 

 

 

the freshwater fish groups with a wide 

geographic distribution and high species 

diversity. This dominance is primarily 

exemplified by the family Cyprinidae, which 

comprises six species. This family is a highly 

diverse group of freshwater fish that is widely 

distributed across regions worldwide and 

exhibits relatively high environmental 

tolerance to variations in habitat conditions 

(Kotellat et al., 1993). In addition to the 

dominance of certain orders and families, the 

ichthyofauna community in the Pabelan River 

also exhibits dominance at the species level, 

specifically Ancistrus multispinis. 

 A total of 13 fish species were identified 

during the study. This number is relatively 

small compared to the fish communities 

typically found in the lower reaches or 

estuaries of rivers and is likely related to the 

study location, which is situated in the upper 

to middle reaches of the river. The upper 

reaches generally feature stronger currents, 

narrower habitats, and more selective 

environmental conditions, thereby limiting 

the presence of certain fish species. These 

conditions align with the concept of 

environmental filtering, in which specific 

environmental characteristics can support 

only species with appropriate adaptations 

 

 

 

 

 

 

 

(Liu et al., 2025). A similar pattern was also 

reported in the Opak River system by 

Djumanto & Probosunu (2011) and by Yudha 

et al. (2020), who demonstrated an increase 

in species richness with river size toward the 

lower reaches and the estuary. 

 In addition to variations in species 

composition, the study results also indicate 

differences in length and weight among 

species. These size variations reflect 

differences in biological characteristics as 

well as strategies for utilizing habitats and 

available resources in the water. Small 

species such as B. binotatus, G. platypogon, 

M. obtusirostris, N. chrysolaimos, and R. 

argyrotaenia generally utilize small 

organisms as a food source, whereas larger 

species such as C. gachua and C. batrachus 

occupy higher trophic levels by feeding on 

small fish, shrimp, and insects. 

 To gain a more comprehensive under-

standing of the fish community, catch data 

were analyzed using the Shannon-Wiener 

diversity index (H’), the evenness index (E), 

and the dominance index (C). The diversity 

index values at all three stations fell into the 

low-to-moderate range, indicating that the 

ichthyofauna communities at the study sites 

have not yet fully stabilized. These 
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conditions may be influenced by habitat 

variation and anthropogenic activities in 

surrounding waters, which affect the 

distribution of individuals across species. 

These results are consistent with a study by 

Aziz et al. (2021), which shows that changes 

in environmental conditions and human 

activities can affect fish community 

diversity. 

Differences in fish community structure 

were observed at each observation station. 

Station 1 exhibits moderate diversity, 

relatively high evenness, and low dominance. 

These conditions indicate a fairly even 

distribution of individuals across species, 

with no single species conspicuously 

dominating the community. According to 

Erika et al. (2018), low dominance values 

generally indicate a more balanced 

community and relatively good habitat 

conditions. 

 Unlike Station 1, Station 3 had the 

lowest diversity and the highest dominance. 

This was primarily due to the high abundance 

of A. multispinis compared to other species. 

The dominance of a single species causes 

uneven individual distribution, thereby 

reducing diversity even when the number of 

species is relatively high. This phenomenon 

is consistent with Sofian et al. (2024), who 

state that diversity tends to decrease when 

most individuals in a community belong to 

the same species.  

 Station 2 exhibits the most balanced 

community structure, with the highest 

diversity and evenness values and the lowest 

dominance. Despite anthropogenic 

disturbance from sand mining, the uneven 

substrate is believed to create microhabitat 

variations, including depressions, shallow 

areas, and differences in current velocity. 

This habitat heterogeneity can increase the 

availability of space and resources for species 

with different ecological preferences, thereby 

forming a more proportional community (Shi 

& Czerniawski, 2025). 

 The distribution patterns of species at 

each station also provide insight into the fish's 

ability to adapt to different habitat conditions. 

Several species, such as G. platypogon, R. 

argyrotaenia, C. gachua, M. obtusirostris, N. 

soroides, B. binotatus, and H. ocellata, were 

found at all observation stations. The presence 

of these species indicates relatively good 

adaptive capacity to variations in 

environmental conditions along the Pabelan 

River. Most are common river fish found in 

flowing habitats with rocky and sandy 

substrates and possess a fairly wide tolerance 

to changes in water physical conditions 

(Trijoko et al., 2016). This is also consistent 

with the statement by Kusuma et al. (2024), 

regarding the adaptive capacity of species 

from the genus Channa across various habitat 

types, as well as the study by Muhtadi et al. 

(2017), which notes that rocky river habitats 

with moderate to strong currents provide an 

environment conducive to the presence of 

diverse fish communities in the river.  

 However, some fish species were found 

only in very low numbers at certain stations. 

Species such as O. niloticus and B. 
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gonionotus were found only in limited 

numbers at Station 1. The low abundance of 

O. niloticus is thought to be related to its 

preference for calmer and warmer waters, 

although this species is known to have high 

environmental tolerance (Cahyanti & 

Awalina, 2022). Meanwhile, the low 

abundance of B. gonionotus is suspected to 

be related to unfavorable habitat conditions 

resulting from disturbances to the aquatic 

substrate. The species C. batrachus was also 

found only at Station 2 in small numbers. 

According to Wiharti & Hanik (2022), this 

species possesses additional respiratory 

organs that allow it to survive in low-oxygen 

conditions, but generally prefers calm 

habitats with softer substrates.  

 The species composition indicates that 

native freshwater fish still dominate the fish 

community in the Pabelan River. Of the 13 

species recorded, only two were non-native: 

O. niloticus and A. multispinis. The low 

abundance of O. niloticus suggests that this 

species has not yet had a significant impact on 

the local community structure. In contrast, A. 

multispinis exhibited relatively high abun-

dance, particularly at Station 3. The high 

abundance of this species is likely related to 

habitat characteristics, specifically hard 

substrates that support foraging activities and 

self-protection. As a benthic fish in the family 

Loricariidae, A. multispinis possesses mor-

phological adaptations that enable it to 

effectively use rock surfaces and other hard 

substrates (Mattos et al., 2018). Additionally, 

this species exhibits a high degree of 

adaptability to various environmental 

conditions (Wahyudewantoro et al., 2024). 

The high abundance of this species indicates 

successful adaptation to specific habitats in 

the Pabelan River and suggests the potential 

to influence the structure of the local fish 

community. However, the invasive status of 

A. multispinis cannot yet be definitively 

determined because this study has not 

evaluated its distribution patterns or 

ecological impacts on the local community. 

According to Bernery et al. (2024), a species 

can be categorized as invasive if it has 

undergone introduction, successfully esta-

blished itself, spread widely, and caused 

impacts on the ecosystem it inhabits. 

Therefore, further research is needed to 

evaluate the potential spread and ecological 

impacts of this species in the Pabelan River. 

CONCLUSION 

 In general, the ichthyofauna diversity in 

the Pabelan River, Magelang Regency, is 

classified as moderate, comprising 13 species 

across 8 families and 4 orders. The Shannon-

Wiener diversity index indicates that the 

ichthyofauna community structure is not yet 

fully stable and varies across observation 

stations. Native freshwater species dominate 

the fish community, although two non-native 

species were identified that could potentially 

influence the community structure under 

certain conditions. The Pabelan River's 

habitat conditions, which currently support 

ichthyofauna, must be preserved through 

sustainable management and conservation 
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efforts, including the monitoring of activities 

that could alter the water body's cha-

racteristics. Furthermore, the presence of the 

non-native species Ancistrus multispinis 

warrants attention due to its potential impact 

on local fish communities. Further research 

encompassing a wider range of locations, 

observation periods, and sampling methods is 

also required to obtain more comprehensive 

information regarding fish diversity and 

distribution in the Pabelan River. 
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Abstract 

This research aims to explore the diversity of fish species in the Krasak River, Central Java, where 

information on fish composition is still limited, in contrast to the Progo River and Elo River, which have 

been studied by several researchers. This river, originating from the slopes of Mount Merapi, has water 

characteristics with volcanic material and variations in current and substrate. The research was conducted 

from October to November 2025 at three observation locations using purposive sampling. All the fish 

caught were identified to the species level, counted for their individual numbers, and analysed using the 

Diversity Index (H'), Evenness Index (E), Dominance Index (D), and Relative Abundance (RA). 

Environmental parameters, including temperature, pH, current, depth, brightness, and substrate, were also 

measured as supporting data. The results show that the fish community in the Krasak River comprises 

221 individuals across 12 species and 6 families. The Diversity Index shows low values (0.647-0.882), 

and the Evenness Index is also low (0.260-0.355), indicating an uneven distribution of individuals among 

species. The species Mystacoleucus obtusirostris became the dominant species, accounting for 53.39% 

of the total individuals captured. This study provides an initial overview of fish diversity in the Krasak 

River and is expected to be useful for fisheries resource management and further research.  

 

Keywords: Abundance, Community, Diversity, Krasak River 
 

 

Introduction 

Rivers in Magelang Regency are 

located within the Progo and Bogowonto 

River Basins (DAS) (BAPPEDALIT-

BANGDA, 2021). The Krasak River is one 

of the rivers that flows along the border 

between Sleman Regency and Magelang 

Regency. The upper reaches of the Krasak 

River are situated on the slopes of Mount 

Merapi, specifically in Ngablak Village, 

Magelang Regency, and Ngargomulyo 

Village, Sleman Regency. The lower reaches 

of the river are located in Blingo Village, 

Magelang Regency, and Banyurejo Village, 

Sleman Regency (Rohman et al., 2024).  

The Krasak River watershed covers an 

area of 30.152 km², and the river is 

approximately 24 km long (Rohman et al., 

2024). As part of the Progo River watershed, 

this river should serve as a habitat for 

various local fish species. A study on fish 

diversity in the Progo River conducted by 

Jailani & Mujtahidah (2021) showed that the 

fish caught were dominated by the 

Cyprinidae family, such as Osteochilus 

vittatus (nilem), Mystacoleucus obtusirotris 

(kepek), Barbonymus balleroides (balar), 

Barbodes binotatus (wader cakul), Rasbora 

argyrotaenia (wader pari), and others. 

Furthermore, another study by Mulyasari et 

al. (2023) reported that 23 fish species from 

mailto:maryamtirtanuur2004@mail.ugm.ac.id
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Figure 1. Map of sampling station locations on the Krasak River 

11 families were caught in the Progo River. 

Furthermore, a study on the Elo River in 

Magelang reported the presence of 6 

families, 9 genera, and 9 fish species in both 

the upper and lower reaches of the river, 

with the Cyprinidae family being the most 

dominant (Darma & Putra, 2020). 

The Krasak River has a unique 

characteristic: a high sediment content from 

volcanic material, which affects both water 

flow and water clarity (Suhendar et al., 

2022). These conditions naturally lead to 

changes in the composition of the fish 

inhabiting the river (Taufik et al., 2021). In 

addition, there is active sand mining around 

the Krasak River. This is evidenced by 

numerous sand depots, the use of excavators 

to dig and dredge material, and trucks 

transporting it, all of which clog the main 

access roads around the river. These activities 

directly alter habitat conditions, affecting the 

composition and abundance of fish in the 

Krasak River (Fauzan et al., 2025).  

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, research on fish species 

diversity in the Krasak River is necessary to 

evaluate and analyze the current structure of 

the fish community. The results of this 

evaluation are expected to provide baseline 

data on the condition of the fish community 

in the Krasak River. The findings of this 

study are expected to support future 

conservation and river management efforts. 

 

MATERIALS AND METHODS 

Study Site 

 

Fish species diversity was sampled along 

the Krasak River using purposive sampling. 

This method was chosen because of the 

varying environmental conditions and the 

differing vegetation and habitat surrounding 

the river at each sampling site. There were 

three sampling stations. The first station was 

located in Kranggan Lor Hamlet, Srumbung 

Subdistrict, Magelang Regency. The second 

location was in Kranggan Kidul Hamlet, 

Srumbung Subdistrict, Magelang Regency. 
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Table 2. Research Map Location 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The final sampling location was in 

Sempon Hamlet, Srumbung Subdistrict, 

Magelang Regency. These sampling 

locations were also determined based on 

information from local fishermen. The 

location map for each station is shown in 

Figure 1, while the characteristics of each 

observation station are presented in Table 1.  

Fish Sampling 

Fish sampling was conducted from 

October through November 2025, once a 

week in the morning from 7 AM to 11 AM. 

Sampling at each station lasted 1 hour along 

a 100-meter stretch. Fish caught using cast 

nets were collected, cleaned, and placed in 

plastic bags labeled with their origin. The 

number of individuals caught at each station 

was counted. The fish were then transferred  

to a cooler box to keep the samples fresh. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The collected fish were measured for total 

length The collected fish were measured for 

total length using a measuring tape and 

weighed using a digital scale. Each specimen 

was documented for archival purposes and to 

verify identification. After measurement and 

documentation were complete, all samples 

were transferred to a freezer to maintain their 

freshness prior to further analysis. 

The identification and measurement data 

were then compiled into a table listing the 

number of individuals per species, as well as 

the fish's length and weight. Next, the 

samples were identified using the 

identification guides by Haryono et al. 

(2024), Kottelat et al. (1993), and Sukmono 

& Margaretha (2017), and cross-referenced 

with the latest literature on the identified 

species. The identification results were 
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grouped by family, genus, species, and local 

name in tabular form. Photographs of the 

caught fish are included. 

Environmental Condition Measurements 

As supporting data, environmental 

parameters were measured at each sampling 

point simultaneously with fish collection. 

The parameters measured included river 

width (m), water temperature (°C), depth 

(cm), water clarity (cm), and current velocity 

(𝑚 𝑑𝑒𝑡 −1), each of which was measured 

three times. In addition, the data were 

supplemented with observations of water 

color, riverbed substrate, and vegetation 

around the sampling sites. The data obtained 

from ecological index calculations and 

environmental parameter measurements 

were then analyzed and presented in tables 

and graphs. The results of this analysis were 

subsequently discussed to determine the 

structure of the fish community, the level of 

diversity, species dominance, and their 

relationship to the environmental conditions 

of the Krasak River. 

Ecological Index 

Fish data collected from three 

observation stations were then analyzed to 

determine the structure of the fish 

community in the Krasak River. The 

analysis was conducted using an ecological 

index approach, consisting of: 

a. Shannon-Wiener Diversity Index (H’)  

    (Odum, 1994). 

 

𝐻′ =  −𝛴𝑝𝑖 𝐼𝑛 𝑝𝑖 
 

 

Notes: 

H’= Shannon-Wiener diversity index 

Pi = Ratio of the number of individuals of  

        species (i) to the total number of  

        individuals (ni/N) 

Ni = Number of individuals of species i 

N = Total number of individuals of all 

species 

b. Dominance Index (D) (Odum, 1998). 

𝐷 =  𝛴(
𝑛𝑖

𝑁²
) 

Notes: 

D = Dominance Index 

Ni = Number of individuals of species i 

N = Total number of individuals of all 

species 

c. Evenness Index (E) (Odum,1993). 

𝐸 =  
𝐻′

𝐻 𝑚𝑎𝑘𝑠
 

Notes: 

E = Evenness Index 

H’= Diversity Index 

S = Number of species in the community 

d. Relative Abundance Index (RAI)  

    (Krebs,1989) 

𝑅𝐴𝐼 =  
𝑛𝑖

𝑁
𝑥100 

Notes: 

RAI = Relative Abundance Index (ind/𝑚²) 

Ni  = Number of individuals of species i 

N = Total number of individuals of all 

species 

Result 

Fish Species Diversity 

Fish catches recorded at three sampling 

stations along the Krasak River from early 

October 2025 through November 2025 

revealed a fairly wide range of species 

diversity. A total of 221 fish were caught, 

representing 4 orders, 6 families, and 12 

species. The variation in fish species at each 

sampling station reflects similarities due to 

the even distribution of certain species 

across all stations. Data on the identified fish 

species are presented in Table 2. 
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Table 3. Fish Species in the Krasak River by Order, Family, and Species 

 

Table 3. Distribution and percentage composition of individual attendance 

 

 

 

 

 

 

 

 

 

 

 

 

The fish species caught during the study 

belonged to four orders, with Cypriniformes 

being the most dominant. This order was 

represented by a composition of 7 species 

distributed across 3 families: Cyprinidae, 

Danionidae, and Nemacheilidae. The family 

with the highest species diversity was 

Cyprinidae, with 4 species, followed by 

Danionidae with 2 species. Meanwhile, the 

family Nemachelidae is represented by only 

one species. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Distribution of Caught Fish 

The composition of individual presence 

at each sampling station varies in terms of 

both number and percentage, as shown in 

Table 3. 

Based on the table, Cypriniformes is the 

order with the most species, namely 7. On 

the other hand, the family with the highest 

species diversity is Cyprinidae, which con-

sists of 4 species. The data in the table show 

the distribution of fish caught at each station. 
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Figure 2. Number of fish species at each station 

 

Figure 3. Percentage of each fish species at each station 

 

This distribution demonstrates that 

Mystacoleucus obtusirostris has a strikingly 

high abundance percentage of 53.39%. This 

number accounts for more than half of the 

total individuals caught. At Sempon Station, 

30 individuals were found; at Kranggan 

Kidul Station, 52; and at Kranggan Lor 

Station, 36. Thus, the total number of kepek 

fish is 118. This indicates that the kepek fish 

is the most abundant species found across all 

sampling locations.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

To provide a clearer visualization of 

differences in species numbers across 

stations, the data are presented as a bar graph 

in Figure 2. Furthermore, details on 

variations in fish species composition across 

all study sites are summarized in Figure 3. 

The community structure at each 

sampling station can be analyzed using 

ecological index parameters. The results of 

the ecological index calculations are pre-

sented in Table 4. 
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Table 4. Diversity (H’), Evenness (E), and  

 

 

Dominance (D) Indices at Each Station 

 

 

 

 

 

 

 

Based on the calculations performed at 

all sampling stations, the highest H’ value 

was 0.882 at the Kranggan Kidul Station, 

while the lowest value was recorded at the 

Sempon Station at 0.647, followed by the 

Kranggan Lor Station at 0.796. The number 

of fish species found was only 6 at Sempon 

Station, 9 at Kranggan Kidul Station, and 7 

at Kranggan Lor Station. Furthermore, the 

fish species composition also confirmed a 

very strong dominance by M. obtusirostris, 

with 118 individuals—accounting for 

53.39% of all fish caught. Meanwhile, most 

other species were found in only small 

numbers; in fact, some species were found in 

as few as 1–2 individuals, such as C. striata, 

G. major, and G. platypogon. 

 The evenness index (E) is a value that 

represents the abundance and evenness of 

species within an aquatic ecosystem. If the 

uniformity index approaches 0, it indicates a 

tendency toward the dominance of a 

particular species in that ecosystem; 

conversely, if the index approaches 1, the 

ecosystem is in a relatively stable condition 

with an even distribution of species 

(Setyobudiandi et al., 2009). Table 4. shows 

that the evenness index (E) values at the 

Sempon, Kranggan Kidul, and Karangan Lor 

 

 

 

 

 

 

 

stations range from 0.2603 to 0.355. A low 

E value indicates that the distribution of 

individuals across species is uneven, with 

most individuals concentrated in one or two 

dominant species. The dominance index (D) 

values at the research stations ranged from 

0.0217 to 0.073, with the highest value 

recorded at the Kranggan Lor Station. 

Although the dominance index values are 

numerically still very low, the presence of a 

single species with very high relative 

abundance indicates a tendency toward 

biological dominance within the fish 

community. As supporting data clarifying 

the structure of the fish community, details 

on the body size of each fish species found 

are provided in Table 5. 

Table 5 shows the distribution of length 

and weight of fish caught at all stations, with 

the average fish length ranging from 2 to 

25.5 cm and the average weight ranging 

from 2 to 114 g. Based on these data, the 

majority of the fish caught were small. 

Approximately 88.69% of the total 

population consisted of individuals less than 

10 cm in length, dominated by the species M. 

obtusirostris and R. lateristriata. Mean-

while, individuals measuring 10–15 cm 

accounted for only 1.36% of the total catch, 

and those larger than 15 cm accounted 
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Table 5. The species and body size of each type of fish caught at all stations  

 

 

 

 

 

 

 

 

 

 

 

 

for 9.95%, driven by the presence of O. 

vittatus. Analysis of fish weight showed a 

pattern similar to that of length distribution. 

Species in the weight category below 10 g 

also contributed to the population with the 

same percentage, namely 88.69%. The 

dominant species were M. obtusirostris and 

R. lateristriata. In contrast, the group of fish 

weighing over 50 g accounted for only 

9.95%. The species in this weight category 

are O. vittatus and C. striata. Meanwhile, the 

percentage of fish weighing between 10 and 

50 g is only 1.36%. The presence of many 

small fish indicates that the study site serves 

as a habitat for juvenile fish. 

Aquatic Environmental Conditions 

The physical environmental con-

ditions of the water at all sampling stations 

showed differences in characteristics bet-

ween stations; for example, the Kranggan 

Lor Station is located near residential areas, 

chicken farms, and areas where sand is 

dredged using heavy machinery. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Kranggan Kidul Station is situated near 

a waterfall and chili pepper farms, while the 

Sempon Station is located near a sand dred-

ging area where heavy machinery is used. 

Other factors affecting water quality include 

river width, river depth, water color, bottom 

substrate type, and riparian vegetation. It is 

important to examine these variations in or-

der to understand the distribution patterns 

and community structure of the fish caught. 

Detailed results of environmental parameter 

measurements are presented in Table 6. 

The water temperature range is 25–

26°C. The depth values at all stations range 

from 40.7 to 85 cm. Furthermore, current 

speeds at the three sampling stations range 

from 0.19 to 0.90 m/s. The strongest current 

is at the Kranggan Kidul Station because it is 

located beneath a waterfall. Conversely, the 

Sempon Station has the slowest current. This 

is consistent with Tambunan (2013), who 

classified current speeds into four categori-

es: slow currents ranging from 0 to 0.25 m/s,  
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Table 6. Environmental Quality at Each Sampling Station 

 
 

 

 

 

 

 

 

 

 

 

 

 

moderate currents ranging from 0.25 to 0.50 

m/s, fast currents ranging from 0.5 to 1 m/s, 

and very fast currents exceeding 1 m/s. In 

addition, the Sempon Station has the 

narrowest river width, while the Kranggan 

Kidul Station has the widest.  

Water conditions are also reflected in 

the water's color. The water color observed 

across all stations tends to be brown, with the 

clearest water at the Kranggan Kidul Station 

and the murkiest at the Sempon Station. The 

bottom substrate at the Kranggan Lor Station 

consists of mud, sand, gravel, and large 

rocks. At the Kranggan Kidul Station, the 

substrate is predominantly coarse. In 

contrast, at the Sempon Station, the substrate 

consists of mud, with many rocks covered by 

fine sediment. This type of substrate also 

causes the gaps between the rocks to fill with 

mud. The riparian vegetation growing at all 

stations is quite diverse and dense. 

Discussion 

The structure of fish communities in 

rivers is closely linked to the physical condi- 

 

 

 

 

 

 

 

 

 

 

 

 

tions of their habitat. Fish do not simply 

occupy random areas; rather, they select 

habitats that are most suitable for their 

survival, foraging, and reproduction. When 

viewed through the lens of the most 

fundamental factor—temperature—conditi-

ons in the Krasak River are highly conducive 

to biological productivity. Based on 

temperature measurements ranging from 

25–26°C, this range falls within the optimal 

temperature for fish feeding, which is 

between 22–29°C (Manunggal et al., 2018). 

Below this temperature, fish can still survive 

but experience a decrease in appetite. 

Temperature variations affect physical, 

chemical, and biological factors in the water 

body, such as the metabolic activity of 

organisms and the growth of aquatic biota.  

Ideal temperature alone is not sufficient; 

the structure of fish communities in rivers is 

also influenced by the riverbed substrate. 

Rivers with muddy bottoms tend to have 

lower fish abundance due to instability in 

fish habitat structure (Nuryanto et al., 2015). 
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Soft mud mixed with rocks causes the gaps 

between the rocks to be filled with fine 

sediment. This condition can reduce the 

availability of microhabitats—such as the 

spaces between rocks and open rocky 

bottoms—that fish typically use for foraging 

and as shelter from predators. On the other 

hand, very calm water currents result in food 

particles being poorly distributed. In fact, 

river fish generally rely on water currents to 

obtain natural food sources such as detritus, 

periphyton, and other small organisms. 

Under calm current conditions, fish tend to 

move to sections of the river with more 

dynamic flow. This is because fish are dyna-

mic animals that constantly migrate, both to 

forage and to spawn. Furthermore, in suf-

ficiently deep rivers, fish must expend more 

energy to move around in search of food, so 

not all species are capable of doing so. 

Based on the observations, the Kranggan 

Lor station has the greatest depth, which 

provides a larger volume of water for fish to 

move vertically. This explains why 

relatively large fish, such as C. striata and O. 

vittatus, were found at that station. 

Furthermore, the discovery of M. 

obtusirostris in large numbers indicates that 

this fish has a broad habitat tolerance and 

good swimming ability in waters ranging 

from calm to fast-flowing currents. This 

habitat preference is particularly evident at 

stations with stronger currents. According to 

Cahyono et al. (2018), several species in the 

Cyprinidae family have torpedo-shaped 

(streamlined) bodies, which allow them to 

withstand high current speeds by minimizing 

drag at high flow velocities. This finding 

aligns with the data presented in Table 4.2, 

which shows that the most frequently caught 

fish belong to the family Cyprinidae. 

Furthermore, fish from the Cyprinidae 

family can swim against the current—a trait 

known as rheophilic (Lujan & Conway, 

2014). 

Different conditions were observed at 

stations with moderate currents, such as 

Kranggan Lor Station. Moderate currents 

still allow fish to forage, though not as 

effectively as in fast-flowing currents. 

According to Suryaningsih et al. (2018), 

rivers with moderate currents and a mixed 

substrate of rocks and sandy silt tend to 

support moderate populations of generalist 

fish communities. However, they rarely 

support high abundance compared to rivers 

with rocky substrates and strong currents.  

On the other hand, the increased pro-

portion of R. lateristriata at the Kranggan 

Lor Station aligns with the findings of 

Prasetyo & Retnoaji (2020), which showed 

that R. lateristriata tends to be more 

sedentary and active in waters with weak to 

moderate currents compared to fast-flowing 

currents. This is because less intense 

currents allow the fish to conserve energy 

while swimming and foraging. Research by 

Sentosa & Djumanto (2010) further supports 

the finding that R. lateristriata prefers 

shallow riverbank areas with sandy and 

gravelly substrates to facilitate foraging and 

enhance reproductive success. Based on this, 
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the presence of R. lateristriata indicates that 

the habitat characteristics at the Kranggan 

Lor Station are suitable for this species.  

In addition to current and substrate type, 

dense riparian vegetation plays a key role in 

increasing R. lateristriata abundance. 

Riparian vegetation serves as a gathering 

place for detritus and microorganisms, 

which are the primary food sources for small 

fish such as R. lateristriata. According to 

Suryaningsih et al. (2018), small fish from 

the Cyprinidae family tend to be more 

abundant in river segments with good 

riparian vegetation and high habitat 

heterogeneity.  

Although all stations had dense riparian 

vegetation, an interesting phenomenon was 

observed: species were caught only in very 

limited numbers. Species caught in very 

small numbers in the Krasak River included 

Channa striata, Glyptothorax major, 

Glyptothorax platypogon, Nemacheilus 

chrysolaimos, Tor sp. / Neolissochilus sp., 

and Poecilia wingei. The presence of these 

species is likely due to habitats that were 

underrepresented at the sampling stations.  

Each species has different morpho-

logical, behavioral, and habitat preferences. 

For example, C. striata naturally inhabits 

waters with muddy, rocky, or sandy bottoms, 

as well as those rich in plant roots and tree 

roots. These types of substrates serve as 

hiding places for juvenile fish, whether to 

hunt for prey or to seek shelter from 

predators (Sirodiana & Irawan, 2020). The 

discovery of C. striata at the Kranggan Lor 

Station—in relatively deep waters with 

rocky and sandy-mud substrates, as well as 

dense riparian vegetation—provides both 

shelter and a food source for C. striata. As 

an opportunistic predator, this species preys 

on a wide range of aquatic organisms, 

including small fish, crustaceans, aquatic 

insects, and benthic organisms (Rosita & 

Monalisa, 2026). However, because the 

current at this station is moderate and sand 

dredging continues near the river, the habitat 

is not yet stable enough to support a resident 

population. This statement is supported by 

Rosita and Monalisa (2026), who note that 

the natural habitat of C. striata includes 

slow-flowing rivers, lakes, swamps, canals, 

and seasonal pools. Thus, the presence of a 

single C. striata individual at the Kranggan 

Lor Station more accurately reflects a 

temporary presence due to movement along 

the river, rather than a stable local 

population.  

C. striata is a fish species equipped with 

an additional respiratory organ that allows it 

to breathe directly from the air, enabling it to 

survive in various habitats, such as swamps, 

rivers, lakes, and even flooded rice fields 

(Zega, 2025). Morphologically, C. striata 

has a long, slender body. This characterizes 

its rapid swimming movements and 

predatory behavior, as it lies in wait among 

vegetation for prey until it comes within 

striking distance (Kottelat et al., 1993). 

However, in terms of habitat preference, this 

species tends to choose waters with slow 

currents and dense vegetation to facilitate its 
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hunting. Therefore, the presence of this fish 

indicates that at the Kranggan Lor Station, C. 

striata uses the area as a hiding place, given 

that this station is the deepest one. 

Additionally, the limited number of these 

fish is likely due to their solitary and 

territorial nature. On the other hand, fishing 

gear has limited ability to reach C. striata’s 

habitat among the vegetation. This is further 

supported by similar research on the decline 

in swimming endurance of snakehead fish in 

fast-flowing waters. High current speeds 

cause the fish to swim faster, leading to 

exhaustion due to increased energy 

expenditure (Nofrizal et al., 2011).  

Small benthic species such as N. 

chrysolaimos also exhibit limited 

populations. N. chrysolaimos prefers 

habitats with moderately strong water 

currents and a substrate of small rocks. In 

addition to substrate factors, organic inputs 

from nearby aquaculture activities around 

the study site may also influence this fish's 

habitat preferences, given that N. 

chrysolaimos prefers fresh water with good 

environmental quality (Yudha & Hamdani, 

2024). Furthermore, Kottelat et al. (1993) 

noted that Nemacheilus inhabits shallow 

riverbanks and riverbeds with sandy-gravel 

substrates and that this species can swim 

against the current. N. chrysolaimos uses the 

sandy gravel riverbed for self-defense when 

threatened (Keskar et al., 2014). When 

viewed in terms of habitat suitability, this 

species is indeed poorly suited to the 

physical characteristics of the Kranggan Lor 

Station, which is dominated by soft 

substrates, and thus cannot provide the 

habitat required by the fish to cling to rocks 

or forage on the riverbed. This is supported 

by Yudha et al. (2018), who noted that this 

fish is a demersal species with adhesive 

pectoral fins that enable it to attach to rocks 

on the riverbed and avoid being swept away 

by the current. Additionally, this fish has a 

subterminal mouth, which correlates with its 

feeding habits in the river. Consequently, 

very few individuals have been found. This 

habitat limitation is also a constraint for 

species that depend on fast-flowing water 

with hard substrate. 

The presence of G. platypogon at the 

Kranggan Lor Station is likely due to the fish 

migrating to sections of the river with calmer 

currents for specific activities, such as 

foraging or temporarily avoiding very strong 

currents. However, because the substrate at 

the Kranggan Lor Station is dominated by 

soft, sandy mud, this habitat cannot sustain a 

Glyptothorax population over the long term. 

Very small numbers of G. major and N. 

soroides were also found at Kranggan Kidul 

Station. Fish of the genus Glyptothorax are 

also known as obligate rheophilic fish, 

meaning they prefer very strong water 

currents and rocky substrates (Ng & 

Kottelat, 2016). This is due to their bodies 

being equipped with a ventral adhesive 

apparatus, also known as the Thoracic 

Adhesive Apparatus (Kottelat et al., 1993). 

This apparatus consists of fine skin folds that 

help the fish attach firmly to rocks in 
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extremely fast-flowing currents and in areas 

with better water quality (Maizul, 2020). 

These fish are active on the riverbed and 

typically hide beneath rocks. In addition, this 

rocky substrate serves as a feeding habitat. 

The presence of a waterfall in Kranggan 

Kidul—with its very strong current and a 

substrate of rocky gravel—indicates a 

suitable habitat for G. major. However, the 

limited number of individuals captured was 

due to the fish's tendency to hide among the 

rocks and the extremely strong current at this 

station. 

An interesting finding in this study is the 

variation in species numbers across all 

stations. This variation will directly affect 

the water body's ecological index value. The 

quality of an aquatic ecosystem can be 

interpreted through the ecological index 

values obtained. The diversity value depends 

on the variation in individuals within each 

captured species; thus, the more species and 

the greater the variation in the number of 

individuals per species, the greater the 

diversity in that ecosystem (Sriwidodo, 

2013). According to Magurran (2004), 

diversity indices are classified into three 

levels: if the diversity index (H’) is greater 

than 3, the diversity is considered high; if H’ 

is less than 1, the diversity is low. The 

analysis results show that the diversity index 

value for the Krasak River ranges from low 

to moderate.  

In this study, a unique distribution 

pattern was observed, with the highest 

diversity index values—both in individual 

abundance and species richness—

concentrated at the Kranggan Kidul Station. 

This phenomenon contrasts with the findings 

of Arunkumar & Manimekalan (2018), who 

studied freshwater fish fauna and concluded 

that fish species diversity and abundance 

decrease with increasing elevation. In 

contrast, in this study, Sempon Station—

which has the lowest elevation—recorded 

the fewest individuals and species. The low 

species diversity at Sempon Station is likely 

due to substrate instability from intensive 

sand dredging and proximity to a highway. 

On the other hand, the high species richness 

at Kranggan Kidul Station can be explained 

by the river's wider dimensions. The river's 

width is positively correlated with the 

number of microhabitats and the total area. 

Thus, it can be inferred that longer and wider 

rivers are inhabited by more species than 

smaller ones (Nuryanto et al., 2015). A 

larger area naturally contains a greater 

number of microhabitats, and thus is more 

likely to be inhabited by a wider variety of 

fish species (Kottelat et al., 1993). 

Additionally, Kranggan Kidul features a 

variety of microhabitats, ranging from areas 

near waterfalls (riffles) to deeper sections 

(pools), enabling it to support a greater 

number of species.   

Research by Sriwidodo et al. (2013) 

revealed that fish diversity in areas with 

strong currents is higher than in areas with 

slow currents; current velocity significantly 

influences the habitat and environmental 

conditions of river ecosystems—including 
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both biotic and abiotic factors—resulting in 

greater fish diversity. This demonstrates that 

the Kranggan Kidul station, which has the 

strongest current velocity, exhibits the 

highest diversity value. Cahyono et al. 

(2018) also found that stations with higher 

current velocities account for 91% of the 

variation in fish diversity. Furthermore, the 

high species diversity in the upstream zone 

confirms the findings of a study by Titik & 

Agus (2019), which showed that fish species 

richness in the upper reaches of the Luk Ulo 

River in Kebumen Regency is higher than in 

the lower reaches—a difference attributed to 

extensive human activities, overfishing, and 

land-use practices. These factors ultimately 

alter the river's characteristics, leading to a 

decline in the population and diversity of 

river biota. Thus, this confirms the presence 

of environmental pressure at the Sempon 

Station, triggered by intensive sand dredging 

activities.  

Intensive sand dredging activities can 

lead to excessive sedimentation and water 

turbidity. Meanwhile, conditions at the 

Kranggan Kidul and Kranggan Lor 

stations—which are slightly farther from 

mining activities—show slightly higher 

biodiversity values. This is also consistent 

with the statement by Kadim & Pasisingi 

(2024) that low H’ values and low evenness 

in rivers are associated with habitat 

disturbance caused by anthropogenic 

activities. This disturbance leads to the 

dominance of a single species that can adapt 

to the habitat conditions in the Krasak River. 

The dominance of a single species across all 

stations causes the fish community to 

become unbalanced. This condition is 

consistent with anthropogenic activities 

along the Krasak River, namely intensive 

sand mining. Sand mining around the river is 

physically correlated with the riverbed 

substrate and water clarity parameters at the 

study site (Bhattacharya et al., 2019). 

Furthermore, variations in water clarity 

affect photosynthesis and aquatic produc-

tivity (Mardani et al., 2013).  

Thus, it can be concluded that M. 

obtusirostris has successfully survived in 

these waters. The dominance of M. 

obtusirostris at the study site indicates that 

this species possesses a high adaptive capa-

city to stressed river environmental condi-

tions. The high relative abundance of this 

fish, accounting for more than 50% of the 

total individuals caught, suggests that this 

species can survive and thrive in waters with 

declining habitat quality. Furthermore, M. 

obtusirostris is a river fish species charac-

terized by a relatively fast growth rate and a 

fairly high natural mortality rate, though this 

is offset by a recruitment pattern that occurs 

almost year-round (Djumanto et al., 2014). 

These characteristics allow the population to 

recover more quickly, even under environ-

mental stress or habitat disturbance, 

enabling it to remain dominant in the fish 

community of disturbed rivers. Saprudin et 

al. (2022) and Suryaningsih et al. (2018) 

noted that fish from the family Cyprinidae 

tend to dominate in river segments subjected 
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to anthropogenic pressures, such as changes 

in river morphology and sedimentation 

resulting from sand mining. This pattern is 

similar to that of this study, in which the 

species M. obtusirostris was found at all 

sampling stations due to its high 

adaptability.  

Sand dredging activities can increase 

sedimentation and water turbidity. Both of 

these factors are less favorable for fish that 

require rocky substrates or clear water, but 

they are still tolerable for M. obtusirostris. 

The resilience of M. obtusirostris is also 

driven by its very broad feeding pattern. The 

kepek's ability to survive is also linked to its 

ecological flexibility in utilizing habitats and 

food sources. The kepek reaches its 

asymptotic length quickly, resulting in high 

growth rates. This high growth rate is due to 

the kepek fish's broad dietary range 

(euryphagous), enabling it to prey on both 

animal and plant matter in its surroundings 

(Djumanto et al., 2014). The main diet of the 

kepek fish consists of worms, crustaceans, 

insects, aquatic plants, phytoplankton, and 

detritus (Froese & Pauly, 2014). Consistent 

with these findings, Bainiyah et al. (2020) 

note that the Cyprinidae family is indeed 

known as the primary inhabitants of several 

rivers and swamps. 

Consequently, the dominance of the 

kepek fish at the study site represents an 

ecological response to environmental 

pressures in the river. The combination of 

high environmental tolerance, good growth 

rates and recruitment, and flexibility in 

habitat use and foraging makes M. 

obtusirostris a species capable of surviving 

and dominating in disturbed river ecosys-

tems, particularly those affected by human 

activities such as dredging or sand mining. 

The low uniformity index reflects an 

unstable community that is sensitive to 

environmental changes. A similar pattern 

was reported by Wahyuningsih et al. (2022) 

in the Logawa River, Central Java, where 

sand mining activities altered the physical 

conditions of the water, in turn leading to 

low aquatic organism diversity. Odum 

(1993) explains that in disturbed 

ecosystems, dominance values tend to 

increase because only a few species are able 

to adapt and thrive. This aligns with the 

findings of Pramono et al. (2018) on the 

Klawing River in Central Java, who reported 

that the increased dominance of fish from the 

Cyprinidae family was associated with 

human activity pressures around the river. A 

similar pattern was observed at this study 

site, where fish distribution was uneven and 

showed signs of community simplification 

in response to ongoing environmental 

disturbances.  

 Thus, the uneven distribution of fish 

among stations, the dominance of highly 

tolerant species, and the limited distribution 

of sensitive species indicate that the fish 

community structure at the study site is 

under ecological stress. This distribution 

pattern reinforces the results of the diversity, 

evenness, and dominance index analyses and 

indicates that human activities around the 
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river—particularly dredging and sand 

mining—play a significant role in shaping 

the spatial distribution of the fish 

community. 

Conclussion 

A Total of 12 fish species belonging to 

6 families were found. A total of 12 fish 

species belonging to 6 families were found. 

The Cyprinidae family was the most 

dominant group, with the species 

Mystacoleucus obtusirostris (kepek fish) 

having the widest distribution across all 

sampling sites. The distribution of fish 

species showed an uneven pattern, though 

this was not particularly significant. The 

Diversity Index (H’) ranged from 0.647 to 

0.882, falling into the low category. 

Differences in H' values are closely related 

to habitat variations among stations. The 

Evenness Index (E) ranged from 0.260 to 

0.355, indicating low values. This is eviden-

ced by the uneven distribution of individuals 

across species, with the majority concen-

trated in a single species. Furthermore, the 

Dominance Index (D) is reflected in the 

Relative Abundance (RA) values, in which 

the number of Mystacoleucus obtusirostris 

individuals that accounted for >50% of the 

total catch is shown. This demonstrates the 

species' high adaptive capacity compared to 

other species. The aquatic environmental 

conditions in the Krasak River—

particularly current velocity, bottom 

substrate type, and turbidity levels—are the 

primary limiting factors for fish distribution. 

Differences in environmental characteristics 

at each station also influenced the 

composition of the species found. In 

addition, sand dredging activities around the 

stations are suspected to have contributed to 

changes in substrate conditi-ons and water 

turbidity levels, which in turn affected fish 

distribution.  
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Abstract 

 

Eleotris fusca is one of the amphidromous goby fishes lives in Ummiding river, West Sulawesi. 

Amphidromous goby has a complex life cycle compared to other fishes. The adults lives in river for growth 

and reproduction, meanwhile the eggs and larvae are transported downstream to the estuary. After 

completing their larval development, they migrate back to freshwater. The presence of prey strongly 

influences the migration and growth of E. Fusca in nature. This study aims to reveal the diet composition 

and feeding habits of E. Fusca. Sample collected using an electrofishing unit in Ummiding river, West 

Sulawesi, throughout three months from October to December 2023. A total of 90 fishes captured with total 

length range 32-81 mm. The diet composition of E. fusca consisted in three types of prey, such as insect 

larvae, phytoplankton and zooplankton. Ratio of length intestinal explained E. fusca category as carnivorous 

and tends to has feeding strategy in generalist with the dominant prey Hemiptera from insect larvae. 

 

Keywords: amphidromous goby, carnivorous, E. fusca, Ummiding river, Hemiptera 

 

 

  Introduction 

 The Mandar River is one of the major 

river systems in West Sulawesi Province, 

originating in the mountainous Tutar District 

and flowing through several districts of 

Polewali Mandar Regency before dis-

charging into Mandar Bay. At appro-

ximately 150 km, it is one of the longest 

rivers in West Sulawesi (Tasrif et al. 2022). 

The river provides diverse freshwater 

habitats that support a rich fish community 

dominated by amphidromous gobies (Nur et 

al. 2021; Nurjirana et al. 2020; Nasyrah et al. 

2025). A key habitat for gobies in West 

Sulawesi is the Ummiding River, Pao-pao 

 

pao Village, Alu District, Polewali Mandar 

Regency (Tikawati et al. 2024; Nasyrah et al. 

2025). 

 Amphidromous gobies were very 

commercially in West Sulawesi especially 

post larval stage, locally known as penja. 

This seasonal fishery plays an important 

socio-economic role, as penja is widely 

harvested, consumed, and marketed in both 

fresh and dried forms by local communities 

(Nur et al. 2018). These fishes exhibit a 

complex amphidromous life cycle in which 

adults inhabit rivers for growth and 

reproduction, while eggs and larvae are  
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Figure 1. Map of sampling site in Ummiding River 

 

transported downstream to estuarine and 

marine environments. After completing larva 

develop-ment in the sea, juveniles migrate 

back into freshwater habitats (Simanjuntak, 

et al. 2021; Hasan, 2022). During the 

migration to river, post larvae was intensively 

exploited by local fishers. This case makes 

penja a high economic value for fisheries 

resources, but also raises concerns regarding 

the long-term sustainability of wild goby 

populations. 

Eleotris fusca is one of the dominant 

species in Ummiding River (Nasyrah et al. 

2024). E. fusca is not just a commercially 

valuable food fish it also has significant 

potential as an ornamental species due to it’s 

appealing morphology and color. Given its 

economic significance and conservation 

issues, the domestication of E. fusca stands 

out as a viable approach to establishing a new 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

aquaculture product while aiding conser-

vation via a captive breeding and restocking 

initiative in West Sulawesi. However, the 

success of domestication depends on a 

comprehensive understanding. Maeda and 

Tachihara (2004) described the instream 

distribution and feeding habits of E. fusca in 

the Teima River, Okinawa, while Mennesson 

et al. (2015) revealed its amphi-dromous life 

cycle using otolith analyses. In West 

Sulawesi, studies have investigated the 

reproductive biology (Nasyrah et al. 2025) 

and habitat characteristics (Nasyrah et al. 

2024) of E. fusca. Information on the diet 

composition and feeding habits of E. fusca in 

the Ummiding River is still lacking. 

Therefore, this study aims to fill the gap from 

previous research on the effort to domesticate 

goby in West Sulawesi to support the conser-

vation and domestication of this species.  
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Materials and methods 

Study sites  

E.fusca were sampled each month from 

October to December 2023 in the Ummiding 

River, Pao-pao Village, Alu Regency, 

Polewali Mandar, West Sulawesi (Figure 1). 

Meanwhile, sampling analysis started from 

May to June 2024 in the Fisheries 

Laboratory, UPA Integrated Laboratory, 

Sulawesi Barat University 

Sampling collection 

This research uses an exploratory survey 

method by purposively selecting three 

locations along the Ummiding River, which 

is suspected to have a high abundance of E. 

fusca. Sampling was conducted using a 

backpack electrofishing unit. The fish caught 

were preserved in sample bottles containing 

a 10% formalin solution for further analysis 

in the laboratory. 

Measurements and dissection of fish samples 

E. fusca samples were measured for 

length using a caliper with an accuracy of 0.1 

mm and weighed using a digital scale with an 

accuracy of 0.0001 g. Samples were then 

cleansed from formalin using running water, 

dried with tissue, and dissected. Dissection 

start from the anus to the upper abdomen, up 

to the rear of the operculum, and then from 

the ventral side to the lower abdomen. 

Diet composition analysis 

Each dissected digestive tract was 

preserved in a clip plastic bag containing 4% 

formalin. The digestive tract samples were 

analyzed to determine the fish's diet. To 

determine the ratio of intestinal length, the 

length of the digestive tract is measured. The 

measured digestive tract then placed in petri 

dish to examine the contents. 

The volume of the contents from 

digestive tract is measured to determine the 

total contents volume using the syringe 

method. The digestive tract contents were 

identified under a monocular microscope 

with 4x10 magnification, referring to 

Needham and Needham (1962), Pennak 

(1978), Clifford (1991), and Vuuren et al. 

(2006). After identification, the contents 

were counted and the volumes measured for 

further analysis. 

Data analysis 

Ratio of intestinal length 

Feeding habits were determined the fish 

as herbivore, carnivore, and omnivore based 

on the correlation between the ratio of 

intestinal length and total length, referring to 

the formula described by Muthiah (2021) : 

𝑅𝐼𝐿 =  
Intestine length

Total length
 

RIL = intestine length/fish total length; 

fish belonged to carnivore if RIL < 1, 

herbivore if RIL> 3, and omnivore if RIL 

= 1–3. 

Diet Composition 

 The diet composition was analyzed 

using the index of preponderance based on 

the following formula Natarajan and Jhingran 

(1961). Where Vi is the percentage volume of  
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Table 1. Ratio of intestinal length E. fusca in Ummiding river 

 

 

 

 

 

 

 

 

 

 

 

 

 

the specific prey (%) and Oi is the 

percentage occurrence of the specific prey 

(%). 

𝐼𝑖 =
Vi x Oi

∑Vi x Oi
 x 100 % 

Feeding Strategy 

Feeding strategy were obtained by 

linking a specific percentage of the 

abundance of food organisms and the 

percentage frequency of occurrence using 

charts Costello (1990) modified Amundsen 

(1996) (Figure 2). 

The plot provides information on the 

prey's importance and feeding strategy. 

Frequency occurrence and prey abundance 

using the formula Masuda et al. (1984). 

Pi= 
∑Si

∑St
 x 100% 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

where Pi is the prey-specific abundance of 

prey i; Si is the stomach content composed of  

prey i, and Sti is the total stomach content in 

only those fish with prey i in their stomachs. 

Results 

Ratio of intestinal length E. fusca 

A total of 90 individuals E. fusca 

from Ummiding river from October to 

December 2023 were collected during the 

sampling time.  Total length of E. fusca 

was 32 – 81 mm with the ratio of intestinal 

length (RIL) being 0.42 – 0,53 mm, 

indicating a carnivore inclination RIL < 1). 

The ratio of intestinal length com-position of 

distribution is shown in Table 1.  

 

 

 

 

 

( 

 

Figure 2. Feeding strategy plot modified from Coestello by Amundsen (1996) 
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Table 2. Diet composition of E. fusca in Ummiding river 

 

Table 3. The preponderance  index (IP) of diet composition E. fusca in Ummiding river 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Note: + present, - absent 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The feeding strategy of E. fusca in Ummiding river from October to November 2023 
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Diet composition 

 The various food items of E. fusca in 

Ummiding river from October to December 

2023 were identified and listed in Table 2 

Index Preponderance 

The preponderance index value of diet 

composition E. fusca in Ummiding river 

shown in Table 3 

Feeding strategy 

The feeding strategy of E. fusca in 

Ummiding river from October to December 

2023 shown in Figure 3 & 4 

Discussion 

The research results the RIL value of E. 

fusca collected in Ummiding river ranges 

from 0,42 to 0,53 mm, which means it has 

carnivorous feeding habits (RIL <1), based  

on the statement by Zuliani et al. (2016), 

where fish with RIL <1 are generally 

carnivorous, RIL = 1–3 are omnivorous, and 

RIL >3 indicate herbivorous traits. Similarly,  

 

 

 

 

 

 

 

 

 

Maeda & Tachihara (2004) studied the 

feeding habits of E. fusca in the Teima River, 

Okinawa Island, Japan, and categorized it as 

carnivorous. Analysis of the digestive tract 

contents shows E. fusca consumes three prey 

groups of organisms throughout three months 

in Ummiding river. The three prey items were 

insect larvae, phytoplankton and 

zooplankton. Insect aquatic larvae such as 

Ephemeroptera, Trichoptera, Lepidoptera, 

Diptera, Hemiptera and Coleoptera, as well 

as the Annelida group (Oligochaeta and 

Hirudinea). The phytoplankton group was 

Bacillariophyceae (Gomphonema, Meridion, 

Navicula, Cyclotella, Diatoma, Synedra, 

Melosira), Chlorophyta (Microthamnion, 

Staurastrum, Rhizoclonium), Cyanobacteria 

(Phormidium, Oscillatoria, Coelosphaerium, 

Aphanizomenon, Lyngbya), and 

Dinoflagellata (Ceratium). In addition, 

several zooplankton groups, such as 

Cladocera, Ostracoda, Tricladida, and  

Figure 4. The feeding strategy of E. fusca in Ummiding river in December 2023 
 

Note: Hemiptera (He), Oligochaeta (Ol), Lepidoptera (Le), Tricoptera (Tr), Ephemeroptera (Ep), Ostracoda 

(Os), Tricladida (Tr), Arthropoda (Art), Diptera (Dip), Insecta fragments (Pi), Cladocera (Cla), Hirudinea (Hi), 

Phoridium (Pho), Gomphonema (Go), Meridion (Mer), Oscillatoria (Osc), Navicula (Nav), Coelosphaerium 

(Coe), Aphanizonemon (Aph), Microthamnion (Mic),  Perhypiton (Per), Coleoptera (Col), Cyclotella (Cyc), 

Diatoma (Dia), Lyngbia (Lyng), Staurastrum (Stra), Melosira (Mel), Synedra (Syn), Rhizoclonium (Rhi), 

Ceratium (Cer) 
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Arthropoda, were also found in the digestive 

tract. Similar findings were reported of E. 

fusca in Cisolok and Cimandiri estuaries, 

Palabuanratu, were phytoplankton in 

Bacillariophyceae (Cymbella, Navicula, 

Nitzschia, Surirella, Synedra) and 

zooplankton in Rotifera (Notholca) that 

benthic were identified in its gut contents and 

commonly found on the bottom or in the 

water column (Prabowo, 2022). In another 

estuary in Palabuhanratu, Cimaja estuary, 

Amaliah et al. (2022) explained 

amphidromous gobies using benthic 

Bacillariophyceae such as Tabellaria and 

Surirella as main prey. Furthermore, 

Khartiono et al. (2024) also described goby 

in Biak river, Central Sulawesi as a benthic 

feeder, such as Bacillariophyceae (Cymbella 

and Bacillaria) found in their gut contents. 

The presence of benthic organisms 

indicates that E. fusca utilizes food resources 

both in the bottom water as well as in the 

water column. The diversity of 

phytoplankton indicates that although E. 

fusca has a short intestine, it also consumes a 

certain amount of plant-based food sources 

thus, it can be classified as an omnivore with 

a carnivorous tendency. The benthic prey 

consumed by E.fusca were certainly in line 

with the habits of these fish, where during the 

migration process to the estuary, the first 

thing they do is settle on the bottom of the 

water before moving upstream (Maeda and 

Tachihara, 2005; Prabowo, 2022). This 

statement is supported by the fact gobies are 

commonly found on the bottom of water 

bodies, whether on rocky substrates (Keith et 

al. 2014) with clear waters using their pelvic 

fins (Khartino et al.  2024). Additionally, 

Jabbar et al. (2025) and Nasyrah et al. (2024) 

reported the Ummiding river is a fast-flowing 

river with substrates dominated by rocky 

sand and crystal clear water, emphasizing 

that the Ummiding river became a suitable 

habitat for E. fusca.  

The diet composition is an important 

aspect in understanding fish ecology because 

it reflects food preferences, resource 

availability in the habitat, and adaptation 

strategies used to support its growth and 

survival (Nasyrah et al. 2024). Index of 

Preponderance (IP) was used to determine 

the categories of main, secondary, and 

additional foods, allowing us to identify the 

dominant types of food in the feeding habits 

of E. fusca. Based on the IP value of the diet 

composition, the findings showed that insect 

larvae constituted the bulk of food consumed 

(84,93%), phytoplankton (10,44%), and 

zooplankton showed the least-consumed 

diets (4,63%).  The dominance of insect 

larvae, particularly from Hemiptera, in the 

digestive tract indicates a match between the 

fish's diet and the abundance of food in its 

environment. Aisyah (2025) described that 

insect larvae is many in Ummiding River, 

West Sulawesi. Furthermore, it's also 

suspected that the abundance of vegetation 

on both sides of the river serves as a habitat 

that supports the abundance of insects, 

making it the main food source for E. fusca.  
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On the other hand, phytoplankton is 

used as a secondary food with a lower IP 

value, indicating phytoplankton was not the 

main food, rather, it is believed to be merely 

ingested along with other organisms or 

consumed as an additional energy source 

when the availability of insect larvae 

decreases. Meanwhile, zooplankton were 

found at the lowest value in the diet 

composition of E. fusca, indicating these 

organisms were occasionally consumed. 

Based on the results of this research E. fusca 

was carnivorous with omnivorous tendencies, 

indicated by insect larvae as the primary food, 

and the result of the ratio intestinal length 

(RIL) value obtained that E. fusca is 

classified as a carnivore. 

E. fusca from October to December 

2023 in Ummiding river develops a generalist 

feeding strategy. Various types of food were 

found in the digestive tract, but there was a 

tendency for particular foods to be more 

dominant in specific months (Figure 3&4). In 

October, phytoplankton genus Phormidium 

were more frequently consumed, while in 

November, the most common food was insect 

fragments. Afterwards, in December the food 

was dominated by Hemiptera and insect 

fragments. This different dominated prey 

each month indicate the food availability in 

Ummiding river. E.fusca tends has strategy as 

generalists preference, with the dominant 

prey Hemiptera. A similarly, in Amaliah et al. 

(2022) findings, gobies in Cimaja estuary, 

Palabuanratu have a feeding strategy that 

tends to be generalist. The larval 

amphidromous that migrate to freshwater 

have adaptations to adjust the prey 

availability, using the prey as energy to 

migrate to upstream and grow. The presence 

of benthic organisms, plankton, and 

unidentified prey in their diet composition 

indicates these fish do not rely on a specific 

type of food.  Fish with various types of prey 

named as opportunistic, with adaptations to 

adjust the food availability in nature 

(Amaliah et al. 2022), according to Effendie 

(2002), they are more easily adapted to 

artificial feed during the domestication 

process. In line with it, Prabowo (2022) 

describes E.fusca in Cisolok and Cimandiri 

estuarine, Palabuanratu tends to has 

opportunistic feeding strategy belongs to prey 

availability. The opportunistic and flexible 

feeding pattern of E. fusca provides 

opportunities in domestication efforts.  

Conclusions 

A total of 90 individuals of E.fusca were 

collected in Ummiding river throughout three 

months from October to December 2023. The 

diet composition of the Eleotris fusca 

comprised three prey items such as insect 

larvae, phytoplankton and zooplankton. The 

ratio of intestinal length explained E.fusca to 

categorized as carnivorous and the feeding 

strategy tends to generalist with dominant 

prey insect larvae, Hemiptera. 
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Abstract 

Sustainable fisheries management depends heavily on the reproductive biology of amphidromous fishes, 

yet little is known about the reproductive traits of Sicyopterus longifilis. In this study, we determined 

gonad development stages in S. longifilis from the Matama River in West Sulawesi, Indonesia, 

macroscopically, following Effendie (1979), and calculated GMI from gonad weight and total body 

weight. From July to December 2023, we sampled fish monthly using an electric shocker. We measured 

egg diameter with an ocular micrometer under a compound microscope, evaluated fecundity using the 

gravimetric method, determined gonad development stages macroscopically according to Effendie 

(1979), and computed GSI from gonad and body weight. A total of  758 specimens, comprising 281 

male and 477 females, were examined. Throughout the investigation, we found five gonad maturity 

stages (I-V), indicating ongoing reproductive growth. The peak reproductive activity occurred in July, 

and female GMI increased with gonadal development, reaching its highest value at GMS IV. Egg 

diameter varied from 0.20 to 0.44 mm, and fecundity varied from 43 to 7,887 eggs, with an average of 

1,702 ± 2,551 eggs. S. longifilis appears to have a complete spawning strategy based on the unimodal 

distribution of egg diameter. The relationships between fecundity and total length, body weight, and 

gonad weight were relatively weak, indicating that reproductive output is influenced not only by fish size 

but also by environmental conditions and physiological status. These findings provide the first 

comprehensive information on the reproductive biology of S. longifilis in the Matama River and 

contribute essential baseline data for the conservation and sustainable management of amphidromous 

goby populations in West Sulawesi. 

. 

Keywords: amphidromous goby, egg diameter, fecundity, gonad maturity stage, gonadosomatic index 

 

 

Introduction 

Diadromous fish have a unique life 

cycle; they spawn in freshwater, larvae 

migrate to the sea after hatching, and young 

fish return to rivers to grow until they reach 

maturity. Consequently, future climate 

warming is expected to alter recruitment 

dynamics and population persistence in 

amphidromous fishes. However, the life 

cycle of amphidromous fish depends heavily 

on connectivity between rivers and the sea, 

making this group highly sensitive to habitat 

fragmentation, hydrological changes, water 

quality degradation, dam construction, and 

climate change. As a result, amphidromous 

fish are widely used as indicators of tropical 

river ecosystem health. They are also an 

important group for freshwater biodiversity 

conservation and fisheries management 
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(McDowall, 2007; Keith et al., 2011; 

FishBase, 2016).  

Studies of amphidromous species also 

show that oceanographic conditions during 

the larval phase greatly influence population 

dynamics. Teichert et al. (2021) demons-

trated that water temperature strongly 

influences the early development and survival 

of Sicyopterus lagocephalus larvae. Increa-

sing water temperature significantly reduced 

larval survival and affected critical deve-

lopmental processes, highlighting this amphi-

dromous species' sensitivity to thermal con-

ditions during early life stages. Larvae 

developing at higher sea temperatures have 

faster growth rates, shorter pelagic durati-

ons, and smaller sizes at recruitment; thus, 

climate change is expected to increase. S. 

longifilis is one of the amphidromous 

species that has significant ecological and 

economic value in Indonesia. In West 

Sulawesi, this species is called goby fish, or 

"penja," in the postlarval phase and is a highly 

profitable seasonal fishery commodity for coas-

tal communities and those along river flows. In 

addition to generating income, this species 

has ecological benefits as an important part 

of the fast-flowing river fish community. 

Tikawati et al. (2024) found that the 

physicochemical characteristics of the water 

suitable for growth are still present in the 

habitat of S. longifilis in the Ummiding River 

and Matama River. However, increased 

fishing activities, land-use changes, and 

habitat disturbances can affect the popu-

lation structure and sustainability of fish 

resources, so managing S. longifilis requires 

more comprehensive biological information. 

Reproduction is one of the most impor-

tant biological parameters in fish resource 

management because it indicates the popu-

lation's ability to maintain stock sustaina-

bility in nature and produce offspring. 

Gonad Maturity Stages (GMS), Gonad 

Maturity Index (GMI), fecundity, and egg 

diameter can be used to determine spaw-

ning season, size at first gonadal maturity, 

reproductive energy investment strategy, 

and population recruitment potential. This 

data is used to formulate management 

policies, including minimum catch size, 

closed seasons, and spawning habitat 

protection (Kudsiah et al., 2024). Further-

more, West (1990) explains that although 

macroscopic observation and gonad indi-

ces suit surveys of very large populations, 

histological methods are most accurate for 

determining fish reproductive phases. 

Brown-Peterson et al. (2011) proposed 

standardized terminology for fish reproduc-

tive phases that can be applied across various 

teleost groups, reflecting advances in fish 

reproductive biology research. They divide 

reproductive development into immature, 

developing, spawning-capable, regressing, 

and regenerating phases. This classification 

allows for more consistent comparisons of 

research results between species. This stan-

dardization is very important because seve-

ral previous studies used different gonad 

classification systems, making the interpre-
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tation and synthesis of research findings 

difficult. 

Studies on the reproduction of Gobiidei 

fish have developed very rapidly. Cole and 

Parenti (2022) describe the reproductive 

morphology of Rhyacichthys aspro, a basal 

gobiid. They describe typical gobioid repro-

ductive characteristics, such as asynchro-

nous spawner-type ovaries and reproductive 

tract structures crucial for spawning success. 

This study provides an important foundation 

for understanding the evolution of goby fish 

reproduction, but it has not yet addressed 

quantitative reproductive elements such as 

fecundity and gonadal maturation dynamics 

in amphidromous species utilized by the 

community. 

Studies on goby reproduction remain 

very limited in Indonesia. Kudsiah et al. 

(2024) found that Glossogobius giuris in 

Lake Sidenreng has four stages of ovarian 

maturity. In addition, females have a 

higher ovarian maturity index than males, 

and the size at first ovarian maturity differs 

between the sexes. This study provides a 

foundation for managing goby reproduc-

tion in the freshwater waters of South 

Sulawesi. However, the research findings 

cannot be directly applied to S. longifilis 

because the two species have different 

habitats, lifestyles, and migration patterns. 

Previous research shows that most 

studies focus on reproductive morphology, 

standardization of gonadal development 

classification, or reproductive aspects of 

non-swimming goby species. Currently, 

little data exist on the reproductive biology 

of S. longifilis, particularly gonadal 

maturity levels, gonadal maturity indices, 

fecundity, and egg diameter in its natural 

population in West Sulawesi. Never-

theless, this information is crucial for 

understanding the reproductive strategies 

of this species, determining the spawning 

season, estimating the potential population 

increase, and formulating fisheries 

management policies based on scientific 

data. Accordingly, to support the manage-

ment and conservation of amphidromous 

species in the Matama River, West Sula-

wesi, this study aims to analyze the repro-

ductive aspects of S. longifilis, including 

gonadal maturity levels, gonadal maturity 

indices, fecundity, and egg diameter. 

Materials and Methods 

The study was conducted from July to 

December 2023 in the Matama River, 

Polewali Mandar Regency, West Sulawesi 

Province. Sampling was conducted perio-

dically at several stations representing the 

main habitat of S. Longifilis 

Fish reproduction analysis was conduc-

ted at the Biology Laboratory, West 

Sulawesi University. Figure 1 shows the 

study locations. Fish samples were collected 

monthly using an electric shocker set to 12 

volts and 9 A. The operator used the electric 

shocker to capture fish by following a zig-

zag pattern against the river current (moving 

upstream). The capture was conducted over 

200 meters at 30-minute intervals. We then 
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Figure 1. Research Map of the Matama River Sampling collection 

 

Table 1. Classification of fish gonadal maturity levels (Effendie, 1979) 

 

 

 

 

 

 

 

 

 

 

 

 

 

separated the fish caught in the Matama 

River by species and counted them. We 

preserved the separated fish in 1000 ml 

sample bottles containing 10% formalin, 

labeled with the location and collection date. 

After 2-3 hours, the fish were washed 

thoroughly with running water and transfer-

red to a container containing 70% alcohol for 

laboratory analysis. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Data Analysis 

Gonad Maturity Stages (GMS) is 

analyzed by grouping data based on the 

proportion of fish that have not and have 

matured gonads. The  Classification of 

Gonad Maturity Stages (GMS) S. longifilis 

refers to Effendie (1979) as shown in Table 

1. 
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Explanation:  

GMI = gonadal maturity index (%),  

Bg    = gonad weight (g),  

Bi     = fish weight (g). 

 

Explanation: 

F = Fecundity (eggs)  

L = Total fish length (mm)  

a dan b = Constants 

 

Explanation: 

F = Fecundity (eggs)  

L = Total fish weight (g)  

a dan b = Constants 

 

Explanation: 

F = Fecundity (eggs)  

G = Gonad weight (g)  

a dan b = Constants 

 

Explanation:  

Ds  = Actual egg diameter (mm);  

Dh  = Horizontal egg diameter (mm); 

Dv  = Vertical egg diameter (mm). 

 

Gonadal Maturity Index 

 

The gonadal maturity index (GMI) is 

calcul-ated using the following formula  

(Effendie, 2002): 

𝐼𝐾𝐺 =
𝐵𝑔

𝐵𝑖
100% 

 

 

 

 

Fencudity 

Observations of fecundity and egg 

diameter were determined from fish samples 

with GMI stages III, IV, and V. Total 

fecundity was calculated using the gravi-

metric method (Andy Omar, 2013) with the 

following formula: 

𝐹 =
𝐺 𝑥 𝑓

𝑔
 

 

 

 

Next, the relationship between fecun-

dity and total fish length was calculated 

using the following formula (Effendie, 

2002): 

𝐹 = 𝑎𝐿𝑏 

 

 

 

The relationship between fecundity and 

fish body weight was calculated using the 

following formula (Effendie, 2002): 

𝐹 = 𝑎 + 𝑏𝑊 

 

 

 

 
The relationship between fecundity and 

fish gonad weight is calculated using the 

formula (Effendie, 2002) as follows:  

𝐹 = 𝑎 + 𝑏𝐺 

 

 

Egg Diameter 

Egg diameter measurements were 

performed using an ocular microscope 

equipped with an ocular micrometer. Egg 

diameter was calculated using the following 

equation Andy Omar, 2010): 

dvDhDs =  

 

 

The data on gonadal maturity levels are 

presented in graphs and descriptive tables. 

The analysis of fecundity, gonadal maturity 

index, and egg diameter is conducted using 

descriptive statistics, which include mini-

mum, maximum, average, and standard 

deviation values. Simple linear regression 

analysis was also used to examine the 

relationship between fecundity and total 

length and body weight. Statistical software 

IBM SPSS version 26 and Microsoft Excel 

2021 were used to perform the statistical 

analysis. To show the reproductive charac-

teristics of S. longifilis in the Matama River, 

the analysis results are presented in the form 

of descriptions, tables, and graphs. 
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Figure 3. Frequency (%) of gonadal maturity levels of S. longifilis goby fish  

               observed based on the sampling time in the Matama River 

 

Figure 4. Frequency (%) of Gonad maturity stage of S. longifilis Goby Fish  

               Observed Based on Fish with Matured and Immature Gonads  

               at Each Sampling Time in the Matama River: a) Male, b) Female 

 

 

 

 

 

 

 

 

 

Results 

Gonadal Maturity Stage (GMS) 

The gonadal maturity Stage (GMS) is 

the stage of fish gonad development from 

before, during, to after spawning. The goby 

fish (S. longifilis) in the Matama River  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

exhibit sexual dimorphism that can be 

distinguished based on the shape of the 

urogenital papilla. Male fish have a 

triangular and somewhat pointed papilla, 

while female fish have a round and 

bifurcated papilla (Figure 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Sexual dimorphism in the goby fish S. longifilis. Description: 

 a) Papilla in male goby fish, b) Papilla in female goby fish 
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Table 2. Distribution of gonadal maturity stages of S. longifilis in the Matama River 

Figure 5. Gonad maturity index (GMI) of S. longifilis goby fish in the Matama River 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The differences in urogenital papilla 

morphology provide a clear external 

characteristic for distinguishing the sex of 

S. longifilis. This sexual dimorphism is 

particularly useful for assessing gonadal 

maturity because it allows identification of 

males and females before detailed examina-

tion of gonadal development.  

Gonadal Maturity Index (GMI)  

The gonadal maturity index (GMI) of 

goby fish (S. longifilis) in the Matama River 

shows a pattern of change over the Obser-

vation period (Figure 4). The GMI varied by 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

gonadal maturity stage and sampling month, 

reflecting changes in gonadal development 

throughout the reproductive cycle. In female 

fish, the GMI increases and peaks in July, 

then gradually decreases from August to 

December. The distribution of gonadal 

maturity index values based on the level of 

gonadal maturity can be seen (Figure 4), 

while the distribution of the gonadal 

maturity index can be seen in Table 3. 
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Table 3. Gonadal maturity index of the goby fish S. longifilis based on gonadal maturity 

stages in the Matama River 

 

Gonadal 

maturity index    

Male n   

(Individuals) 

Female 
n 

(Individuals) 

Range Mean±SD Range Mean±SD  

I 0.0111-2.8571 0.15084±0.2833 246 0.0041-2.1739 0.1132±0.1883 370 

II 0.01467-2.3178 0.8079±0.6064 23 0.0678-4.7692 0.8136±0.8216 62 

III 0.3021-3.1854 1.6917±0.8431 12  0.0189-7.8461  2.8075±2.0677 23 

IV 0 0 0  0.0109-11.3636 6.8034±3.5579 8 

V 0 0 0 0.2202-7.2043 2.3809±2.0330 14 

Total     281     477 
  

Table 4. Range and average fecundity of the goby fish S. longifilis 

based on the sampling time in the Matama River 

 

Sampling 

time 

Range of total body 

length (mm) 

Body weight range 

(g) 

Fekundity range 

(Eggs) 
Mean ±SD 

July 49.60-118.90 1.300-22.700 558-3,766 2.488±1.191 

August 58.66-122.51 3.123-23.990 43-7,887 1.702±2.551 

September  111.09-119.41 20.735-25.755 33-34 33.5 ±0.707 

October  0 0 0 0 

November  78.94-90.25 6.666-9.109 1,285-3,144 11.620±1.717 

December  68.41-88.64 4.733-9.188 594-1,648 3.144±3.620 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The highest GMI value was obtained in 

female individuals with GMS IV, while the 

lowest value was found in GMS I. The 

increase in GMI value indicates a higher pro-

portion of gonad weight to body weight 

during the gonad maturation process. 

Fecundity 

The fecundity of goby fish (S. longifilis) 

in the Matama River was analyzed in 39 

female fish with gonadal maturity levels 

(GML) III, IV, and V. The research results 

showed that the fecundity of goby fish in the 

Matama River varied, with the number of 

eggs ranging from 43 to 7,887 at total 

lengths of 58.66 to 122.51 mm, with an 

average value of 1,702 ± 2,551 eggs (Table 

4).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

August had the highest fecundity. The 

relationship between fecundity and total 

length, body weight, and gonad weight 

showed a low correlation (Figure 5), indica-

ting that fecundity varies not only with body 

size but also with environmental factors and 

the fish's reproductive condition. Table 5. 

Fecundity of S. longifilis in the Matama 

River. The relationship between fecundity 

and total length and body weight shows a 

positive trend: larger individuals produce 

more eggs. 

Egg Diameter  

The diameter of goby fish eggs (S. 

longifilis) in the Matama River ranges from 

0.20-0.44 mm during GMS III, IV, and V 

(Figure 7).  
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Figure 6. Relationship between fecundity and total body length (a) between  

                fecundity and body weight (b), and between fecundity and  

                gonad weight (c) of Matama River Gobies 

 
Table 5. Range and average gonadal maturity stage of the goby fish  based on the sampling 

time in the Matama River 

 
Gonadal Maturity 

Stage 
N 

Total body range 

 (mm) 

Body weight range 

(g) 

Fecundity range 

(seeds) 
Mean ±SD 

III 19 49.60-118.90 1300-22700 558-31448 4,570±7490 

IV 7 64.41-88.61 3300-9188 973-4,777  3042±4777 

V 13 54.30-122.51 2300-25755 33-3976 1472±1357 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The variation in egg diameter indicates 

differences in the developmental stages of 

oocytes during the gonad maturation pro-

cess. Differences in egg diameter can occur 

within the same species or between different 

species, influenced by environmental fac-

tors, particularly the availability of food 

sources that support gonad development. 

The distribution of goby fish egg diameters 

in the Matama River shows a single highest 

modal value at each stage of gonadal 

maturity, indicating that S. longifilis has a 

total spawner spawning pattern.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6. Distribution of egg diameter of S. 

longifilis. 

Discussion  

Gonad Maturity Stage 

The gonadal maturity Stage (GMS) is a 

stage of gonadal development before and 

after spawning that describes the sexual 

maturity level of fish. In this phase, most of 

the fish's metabolic output is utilized for 

gonad development (Iskandar, 2024).  GMS 

can be observed morphologically through 

changes in gonad shape, size, color, and 

texture 
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Figure 7. Distribution of the diameter of S. longifilis goby fish eggs  

                observed at each stage of gonadal maturity during the study  

                in the Matama River. Note: a) (GSI III), b) (GSI IV), and c) (GSI V). 

Table 6. Spawning Seasons of Several Goby Fish Species 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Macroscopic observations of the goby 

fish (S. longifilis) in the Matama River show 

that the gonads develop into two repro-

ductive organs, namely testes in male fish 

and ovaries in female fish (Figure 2). 

According to Sulistiono et al. (2007), the 

level of gonadal maturity can be used to 

estimate the reproductive status of fish, the 

size and age at which gonads first mature, the 

proportion of the fish stock that has matured  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reproductively, and to provide information 

on the reproductive cycle of a population. In 

addition, GMI can be used to estimate a 

species' spawning period. 

The determination of the gonadal matu-

rity stages (GMS) of the goby fish (S. 

longifilis) in the Matama River was conduc-

ted thru macroscopic observation based on 

the modification of Salvanes et al. (2018), 

which divides gonadal development into five  
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stages: GMS I (not developed), GMS II 

(early developing), GMS III (developing), 

GMS IV (mature), and GMS V (post-spaw-

ning). The research results show that all 

stages of gonadal maturity (GMS I-V) were 

found in the goby fish population in the 

Matama River during the study period. 

Gobies that have not yet matured their 

gonads (GMS I and II) were found in every 

month of observation, from July to Decem-

ber, in both male and female fish. This 

indicates that recruitment occurs continu-

ously, resulting in a population dominated 

by individuals in the early stages of gonad 

development. Meanwhile, goby fish with 

mature gonads (GMS III, IV, and V) were 

found in July, August, September, Novem-

ber, and December. The absence of fish in 

GMS III, IV, and V in October indicates that 

during that month, most of the population is 

in the reproductive rest phase or has com-

pleted the previous spawning process (Fi-

gure 4 and Table 2). 

The presence of individuals in GMS V 

(post-spawning) indicates that spawning 

occurred in the Matama River. Based on 

the distribution of gonadal maturity levels 

during the study, it is suspected that the 

spawning activity of the goby fish (S. 

longifilis) in the Matama River took place 

in July (Figure 5). This assumption is rein-

forced by the discovery of post-spawning 

individuals after that period, indicating that 

gamete release has occurred. According to 

Lelono et al. (2023), food availability and 

environmental conditions strongly influen-

ce gonad development. Under normal 

conditions, the weight of the female fish's 

gonads can reach 10–25% of their body 

weight, while for male fish it ranges from 

5–10% of their body weight during the 

gonadal maturation phase. 

The presence of all levels of gonadal 

maturity (Gonadal Maturity Stages I-V) in 

the Matama River indicates that the habitat 

supports the continuity of the goby fish (S. 

longifilis) reproductive cycle. Information 

on the distribution of these gonadal 

maturity levels is crucial for understanding 

reproductive patterns, determining spawn-

ing seasons, and formulating sustainable 

management and conservation strategies 

for goby fish resources in the Matama 

River (Sulistiono et al., 2007; Iskandar, 

2024; Lelono et al., 2023).  

Gonad Maturity Index 

The gonad maturity index (GMI) of S. 

longifilis increased with increasing gona-

dal maturity and reached its highest value 

at GMS IV, followed by a decline at GMS 

V. This pattern reflects the increase in 

gonad weight during gonadal development 

and its subsequent reduction following 

spawning. Based on the research results in 

the Matama River, the gonad maturity 

index of female goby fish (S. longifilis) 

peaks in July, then begins to decline from 

August to December (Figure 6). This 

pattern indicates that gonad development 

reaches maturity in July, followed by 

spawning, which causes a decrease in 

gonad weight. This is consistent with the 
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spawning season of the goby fish 

Glossogobius giuris in the waters of Ujung 

Pangkah as reported by Sulistiono et al. 

(2007). 

The gonadal maturity index of female goby 

fish in the Matama River is higher compared 

to male goby fish. This differen-ce indicates 

that female gonadal develop-ment is more 

intensive due to yolk forma-tion and 

accumulation (vitellogenesis) in the ovaries. 

Barbieri et al. (2023) reported that GMI 

values increase over time as long as the 

gonads are still developing. The dec-rease in 

GMI value occurs when the gonad weight 

rapidly decreases during the spawn-ing 

process until the end of spawning (Asriyana 

and Halili, 2021). The increase in GMI value 

is directly proportional to time, which is 

suspected to be due to ongoing gonad 

development.  

The increase in gonad weight during 

reproductive development occurs as a result 

of the accumulation of yolk precursors in the 

ovaries. Hara et al. (2016) mentioned that the 

increase in gonad weight is the result of the 

accumulation of yolk deposition during the 

gonad development process. This causes 

female gonad weight to be greater than that 

of male fish, resulting in higher GMI values. 

According to Gustomi et al. (2016), the 

average gonadal maturity index value of 

female fish is greater than that of male fish 

because the gonad weight of female fish is 

larger than that of male fish. 

The pattern of changes in the Gonad 

Maturity (GMI) of goby fish in the Matama 

River, which increased in July and then 

decreased from August to December, 

indicates that reproductive and spawning 

activities occur during that period. Tropical 

freshwater fish generally exhibit. 

High GMI values indicate that the 

gonads are in the mature phase, whereas a 

subsequent decrease in GMI may indicate 

spawning and post-spawning conditions.. 

Thus, the gonadal maturity index can be 

used as an indicator to determine the 

breeding season of the goby fish (S. 

longifilis) in the Matama River, as explained 

by Sulistiono et al. (2007) that the GMI is 

one of the effective parameters in estimating 

the spawning season of fish. 

Fecundity is the total number of eggs 

present in the ovaries and the potential to be 

released during spawning. Fecundity in 

goby fish can vary even among individuals 

of the same species because of environ-

mental factors and the availability of food 

nutrients (Jan & Jan, 2017). Fecundity 

analysis was conducted to estimate the 

reproductive potential of the goby fish S. 

longifilis in the Matama River. Fecundity 

calculations were performed on female 

goby fish at gonadal maturity stages (GMS) 

III, IV, and V.  According to Winemiller 

et al. (2008), fecundity values and egg 

sizes vary. 

The research results show that the 

fecundity of goby fish in the Matama River 

ranges from 43 to 7,887 eggs with a total 

length of 58.66-122.51 mm, while the 

average fecundity value reaches 1,702 ± 
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2,551 eggs. August had the highest fecun-

dity (Table 4). Variation in egg production 

indicates differences in reproductive capa-

city among individuals, likely related to 

body size, gonadal maturity, and aquatic 

environmental conditions. 

Different environmental conditions 

can cause differences in egg numbers 

among fish populations (Langroudi & 

Sabet, 2016). In addition, variations in 

fecundity are also influenced by the size 

composition of the captured fish (Jan, 

2017). Intrinsic factors, such as body size, 

age, and parental physiological condition, 

along with environmental factors such as 

temperature, food availability, and habitat 

conditions, can influence variation in fish 

fecundity. Reproductive success (Lowerre-

Barbieri et al., 2023; Alix et al., 2020; Bhat 

et al., 2025). Another factor that also in-

fluences is the geographical location and the 

timing of sample collection (Wagle, 2014). 

Puspaningdiah et al. (2014) also explain that 

fecundity is closely related to age, body 

weight, body length, and food availability. 

The better the fish's growth, the higher its 

reproductive capacity, resulting in more 

eggs produced. 

The fecundity value of goby fish in the 

Matama River is still within the range of 

tropical freshwater fish fecundity, which is 

generally lower compared to marine fish or 

migratory fish. Yonvitner et al. (2018) 

reported that the fecundity of freshwater fish 

is generally lower compared to the fecundity 

of marine fish or migratory fish. In addition, 

Jega et al. (2018) stated that food 

availability, fish size, salinity, temperature, 

and genetic factors influence variations in 

fecundity and reproductive potential. 

The relationship between fecundity 

and the total length of female goby fish 

with mature gonads in the IV and V stages 

of maturity in the Matama River follows 

the equation F= -21.95L+5005.6 (Figure 

6). The equation shows a relationship 

between total fish length and egg 

production, indicating that body size is one 

factor affecting fecundity. In general, fish 

with larger body sizes have higher repro-

ductive capacity because they are able to 

produce a greater number of eggs, as report-

ed in various other fish species. The com- 

Egg Diameter 

An egg is the final product of game-

togenesis after the oocyte undergoes a 

growth phase influenced by hormonal acti-

vity (Mylones et al., 2010). Larger eggs 

generally contain more yolk, resulting in 

larvae with a larger initial size and higher 

energy reserves. Larvae use yolk reserves as 

a nutritional source during early life before 

they can obtain food from the environment. 

Thus, egg diameter is a reproductive strategy 

that increases the chances of larval survival 

under fluctuating environmental conditions.  

Based on the observations, the diameter 

of goby fish eggs (S. longifilis) in the 

Matama River ranges from 0.20-0.44 mm 

(Figure 7). The variation in egg diameter 

indicates that the observed oocytes are at 

different stages of development, ranging 



Reproductive Biology of the Goby Sicyopterus longifilis from the Matama River 

70 Jurnal Iktiologi Indonesia 

Table 7. Fecundity in  several freshwater fish species 
Spesies Fecundity (eggs) Location Reference 

Neogobius caspius 400-1800 Noor Beach  Mahdipour et al., 2020 

Glossogobius giuris 10640-150639  Ujung Pangkah Waters  Sulistiono, 2012 

Glossogobius giuris 14505-181981  Lake Tempe Eragradhini, 2014 

Sicyopterus lagocephalus 24320-73810  Cibareno River Ambarwati et al., 2023 

Sicyopterus lagocephalus 14304-232475  River Marsouins, 

Reunion Island 

Teichert et al., 2014 

Sicyopterus japonicus 11000-18000 Shung-Chi River, 

Taiwan 

Shen and Tzeng 2008 

Glossogobius matanensis 20667-178133 Towuti Lake, South 

Sulawesi 

Sulistiono et al., 2007 

Boleophthalmus 

dussumieri 

15223-37963  Ridho et al., 2021  

Periophthalmodon 

schlosseri 

13693-25863    

Glossogobius matanensis 25447-56907  Lake Towuti  Mamangkey and 

Nasution, 2012 

 

 

from early vitellogenesis to near maturity. 

The larger the diameter of the egg, the higher 

the level of oocyte development and the 

closer it is to spawning time. 

The results of this study are consistent 

with Iskandar (2024), who stated that egg 

diameter can affect larval growth and 

development in the early stages of life. The 

diameter of the egg is also an indicator of 

the amount of nutrients stored within the 

egg, so the larger the diameter of the egg, 

the greater the reserve of nutrients avail-

able to support the growth of the embryo 

and larva after hatching. 

The increase in egg diameter occurs 

due to the accumulation of yolk during the 

oocyte development process. Suhenda et 

al. (2016) explain that the increase in egg 

diameter is caused by the formation of yolk 

deposits and the distribution of yolk granu-

les, which are used as an energy source du-

ring embryo development.  

The process occurs thru the stages of 

vitellogenesis, which is the process of  

 

 

 

 

 

 

 

 

 

 

 

 

synthesis, transport, and absorption of 

vitellogenin into the developing oocyte 

(Hara et al., 2016). According to Song et al. 

(2020), vitellogenin is the main phospho-

lipid-glycoprotein component of the yolk 

that continues to accumulate in the oocyte, 

leading to an increase in egg dia-meter 

until reaching the gonadal maturity stage. 

The success of the vitellogenesis pro-

cess is influenced by various factors, both 

internal and external. Cleveland et al. (2019) 

reported that vitellogenin synthesis is influ-

enced by the physiological condition of the 

female, while Marzuqi et al. (2015) stated 

that nutritional adequacy is one of the 

important factors determining the success 

of yolk formation. Therefore, the variation 

in egg diameter found in goby fish in the 

Matama River is suspected to be influenced 

not only by the level of gonadal maturity but 

also by the aquatic environmental condi-

tions and the availability of food that 

support the reproductive process. 
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Table 8. Egg Diameter of Freshwater Goby Fish 

 

Spesies 

Egg Diameter 

(mm) 

Spawning 

Pattern  

 

Location 

 

Reference 

Glossogobius matanensis 0.04-0.65  - Towuti Lake, South 

Sulawesi 

Sulistiono et al., 2007 

Sicyopterus lagocephalus 0.20-0.22 mm Total 

spawner 

Cibareno River, Sukabumi, 

West Java  

Ambarwati et al., 

2023 

Glossogobius giuris 49-372 µm  - Ujung Pangkah, Waters  Sulistiono 2012 

Glossogobius giuris 49-372 µm 
32-150  

- 
- 

 Eragradhini, 2014 

Sicyopterus japonicus 72-103    Shuang-Chi River, Taiwan Shen & Tzeng 2008 

P. chrysospilos 0.051-0.069 - 

 

Musi River Estuary Ridho et al., 2021 

B. dussumieri 0.034-0.04    

P. chrysospilos 0.051-0.069 -  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Information regarding the diameter of 

goby fish eggs (S. longifilis) in the Matama 

River provides an overview of the repro-

ductive strategy of this species in producing 

offspring capable of surviving the early 

stages of their life. Comparison of egg 

diameters among several species of goby 

fish is presented in Table 8. 

Conclusions 

The reproductive biology of S. 

longifilis in the Matama River, West 

Sulawesi, revealed five gonadal 

maturity stages (GMS I–V) in both 

males and females, with July showing 

the highest reproductive activity. Egg 

diameter ranged from 0.20 to 0.44 mm, 

while fecundity ranged from 43 to 7,887 

eggs. The unimodal distribution of egg 

diameter suggests that S. longifilis 

exhibits a total spawning pattern. These 

findings provide baseline information to 

support sustainable conservation and 

fisheries management of amphidromous 

gobies in tropical river ecosystems and  

 

 

 

 

 

 

contribute to a better understanding of 

the reproductive strategy of S. longifilis. 
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