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Abstract. Patangngari F, Musbir M, Najamuddin. 2025. Fish diversity and associated physicochemical conditions in seaweed farming 
areas in Bone Gulf Waters, South Sulawesi, Indonesia. Biodiversitas 26: 153-165. The waters of Bone Gulf, located on the coast of 
Bone District, possess a longstanding legacy of fishing gear, specifically small fishing gear with a mesh size of 15 mm, which is in use 
today because of the substantial population along the coast. Seaweed farming regions have increasingly become alternatives to fishing 
zones. This research examines fish diversity and environmental factors in seaweed cultivation zones. Fish were obtained from fishermen 
utilizing fishing gear in seaweed regions, specifically around the Cape (ST 1), the middle (ST 2), and a distant estuary (ST 3) in Bone 
waters, from February to August 2024. 2375 fish specimens were gathered, encompassing 67 species from 40 families. Increased 

diversity was noted in species count (15-46), the species diversity index (2.48-3.18), the evenness index (0.832-0.910), the species 
richness index (2.64-6.96), and the species dominance index (0.057-0.096). The five most frequently captured species were Chanos 
chanos, Leiognathus fasciatus, Siganus guttatus, Terapon jarbua, Crenimugil seheli, and Lates calcarifer, together with Oreochromis 
mossambicus, classified as Vulnerable (VU), and Himantura uarnak, classified as Endangered (EN). Principal Component Analysis 
(PCA) shows that current velocity and depth are the main factors significantly associated with fish stocks. Furthermore, the phosphate, 
turbidity, nitrate, salinity, temperature, pH, and dissolved oxygen metrics exhibited no significant impact across the three sites. Future 
research should focus on long-term monitoring of fish population dynamics, investigating the effects of seaweed farming on fish 
community structure, and formulating sustainable management practices that engage local communities to preserve and enhance aquatic 

ecosystems and ensure long-term ecosystem health. 
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INTRODUCTION 

Indonesia ranks second as the world's largest fish 

producer, with a fish catch of 78.8 million tons (Ramadhani 
2023). Fish (vertebrates) are the primary source for more 

than a billion people worldwide. Fish diversity is estimated 

to reach 32,500 species (Pir et al. 2019). In Indonesia itself, 

there are more than 8,500 species of fish classified based 

on habitat characteristics, such as salty, brackish, and 

freshwater waters (Gani et al. 2021; Hasan et al. 2023). The 

ocean and its marine resources are also a significant 

protein, food, and livelihood source (Gibson et al. 2020). 

Fisheries contributed 2.8% of Indonesia's gross domestic 

product (GDP) in 2020 (BPS 2021). The ocean contributes 

to livelihoods, food and nutrition security, and well-being 
for many households in Indonesia, including disadvantaged 

families. With proper and sustainable management, 

Indonesia's fisheries can improve economic, social, and 

environmental performance. But along with this 

development, capture fisheries production in Bone District 

increased significantly, with the number of sero vessels 

increasing from 400 units in 2019 to 446 units in 2020 

(DKP 2019-2023; Patangngari et al. 2022). Relevant 

authorities must focus on recording fish caught using 

traditional methods, as many fishing boats dock in village 

rivers, indicating that exploitation and erosion of fish 

resources in coastal areas are dynamic and highly productive 

(Hasan and Islam 2020; Ndobe et al. 2022; Patangngari and 

Musbir 2024). Many marine animal species coexist and 
thrive here, creating a structured community (de Azevedo 

et al. 2023; Anderson et al. 2024; Chabrerie and Arenas 

2024). It is feared that there will be overexploitation of fish 

in coastal areas (Hasan et al. 2021; Derbal et al. 2022). 

Bone Gulf, with its calm currents, is an ideal habitat for 

fish. The calm currents have made fish traps made from 

bamboo the leading choice of fishermen for hundreds of 

years (Sudirman 2018). Along with the times, the fishing 

gear has now switched to more modern materials such as 

trolley nets, waring, and tasting with sizes of 5 mm, 15 

mm, and 25 mm. These traps are generally installed on the 
coast, especially in mangrove areas and river estuaries 

(Hasbi et al. 2020; Hewindati et al. 2023) and seagrass beds 

(Irawan et al. 2018). The abundance of seaweed in the 

coastal area is an option for installing this static fishing 

gear. Previously, tests had been carried out on bubu fishing 

gear (Musbir et al. 2020; Musbir and Bohari 2021) operated 

in Bulukumba Sea Flores' waters. Seaweed can produce 

ecological benefits for fish by adding structural complexity 

and possible food sources in coastal areas (Hehre and 

Meeuwig 2015) and becoming a refuge from prey. Seaweed 

is one of the famous marine aquaculture commodities in 
South Sulawesi, Indonesia (Geo et al. 2020). The primary 
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method used to cultivate seaweed is the longline method 

that floats on the water's surface (Nurdin et al. 2023; 

Pessarrodona et al. 2024), thus allowing many disturbances, 

such as being eaten by fish. Seaweed production positively 

correlates with the catch of siganid fish cultivated in 

coastal areas (Hehre and Meeuwig 2016). Fish such as 

siganid from the Siganidae family or herbivorous fish, 

which feed on seaweed thallus, which reduces their daily 

growth rate and productivity, so installing trap fishing gear 

such as bubu and sero is one alternative that can be tried by 
paying attention to the location in the area.  

Previous research on fishing gear in Bone Gulf has 

focused chiefly on the level of fishing gear productivity 

and effectiveness (Yonvitner et al. 2020; Ardiansyah 2022) 

and the composition of fishermen's catches (Patangngari et 

al. 2022). These studies recorded the number and type of 

fish caught. However, few examined the biodiversity of the 

catch or how the composition of the species is affected by 

physicochemical environmental conditions such as 

temperature, current velocity, salinity depth, DO, pH, 

brightness, nitrate, phosphate, and turbidity in the water, 
and especially in seaweed cultivation areas. 

Information on biodiversity patterns is essential for 

ecosystem function and conservation (Hasan et al. 2023; 

Isdianto et al. 2024). The distribution and habitat of species 

in different regions are shaped by evolutionary processes 

and biogeographical, climatic, and ecological processes 

(Bannar-Martin et al. 2018; Hasan et al. 2023)  Although 

this fishing gear has long been used and is an integral part 

of the Bone Gulf fisheries economy, there is no structured 

reporting system related to biodiversity in coastal areas, 

especially what fish are caught in seaweed areas. Monitoring 
changes in fish populations and ecosystem conditions is 

very important to ensure the sustainability of fishery 

resources in the future. It is the first step in proving the 

existence of this document (Hehre and Meeuwig 2015). 

The study investigated fish biodiversity, local physicochemical 

environmental conditions, and species status according to 

the International Union for Conservation of Nature 

(IUCN). This research will substantially enhance initiatives 

to conserve and manage fisheries resources and provide 

data essential for protecting ecosystem-critical coastal 

biodiversity. Findings from this study can guide adaptive 

and sustainable fisheries management decisions and 

policies in areas within the waters of Bone Gulf to 

contribute to global efforts to address the challenges posed 

by climate change and its impacts on marine ecosystems. 

MATERIALS AND METHODS 

Study areas 

The sero fishery population in Bone District is the 

largest in Indonesia, making it an ideal research site. One 

innovative aspect of this study was trap technology 

deployed in seaweed areas, which serve as a food source 

and a refuge for fish (Rasnijal et al. 2021). The research 

area comprises three stations, as shown in (Figure 1), with 

coordinates listed in (Table 1): Tanjung Pallette and 

Cempalagi in Bone District, South Sulawesi, Indonesia. 

The rocky mountains encircle the area, and the Bone Gulf 
seagrass region was selected based on geographic criteria. 

These sites were chosen to examine the impact of varying 

ecological conditions on fish catch and physicochemical 

conditions, which are indicators of the health and stability 

of aquatic ecosystems. 
 
Table 1. Sampling locations in seaweed farming areas in the 
waters of Bone District, Bone Gulf, South Sulawesi, Indonesia 
 

Sampling point Latitude Longitude 

Stasiun seaweed farming 1 4°27'46.80"S 120°23'30.49"E 
Stasiun seaweed farming 2 4°27'16.78"S 120°23'4.97"E 
Stasiun seaweed farming 3 4°26'38.24"S 120°22'49.82"E 

 

 

 
 
Figure 1. The location of Bone Gulft shows biodiversity sampling sites in Bone District, South Sulawesi, Indonesia 
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Environmental parameters  

For this study, to analyze the water quality in estuaries 

and canals, various physicochemical parameters were 

measured in situ using the multi-parameter water quality 

monitor tester mater AZ 86031 system, i.e., temperature, 

pH, salinity, and DO, and using such disks for brightness 

and Water samples from each location were collected in 

1,000 mL sampling bottles and immediately stored in ice 

boxes for nitrate physicochemical analysis, phosphate, 

turbidity. Furthermore, the water samples were transported 
to the Faculty of Marine Sciences and Fisheries Laboratory, 

Hasanuddin University, Makassar, so that inorganic nutrients 

in the water samples could be analyzed by following the 

standard protocol given by Parsons et al. (1984).  

Data collection procedure 

Data collecting 

This study will collect fish catch data from three distinct 

stations chosen using purposive sampling, randomly 

selecting the fish traps deployed in the seaweed region's 

right, center, and left margins. The data collection process 

entails identifying fish by species within the sample basket. 
Fish identification follows the methodologies established 

by Saanin (1995) and Carpenter and Niem (2001), utilizing 

FishBase and SeaLifeBase to ascertain the International 

Union for Conservation of Nature (IUCN) status of both 

fish and non-fish. Subsequently, the number of fish per 

species and measurements of total fish length and crab 

length are recorded, employing a ruler with an accuracy of 

0.1 cm. Sampling occurred four times monthly, from 

February to August.  

Sampling method  

The sampling method used is a passive trap type (sero) 

with an appropriate mesh size to avoid size errors in fishing. 

Sampling was carried out monthly for seven months to 

capture species variation under different ecological 

conditions on the fish diversity index. The caught fish are 

separated into species groups for identification. 

Data analysis  

Relative Abundance (RA) was expressed in the number 
of one group of organisms in a community. Relative 

abundance was calculated through the formula put forward 

by Krebs (2014) that was: 

 

  

 

Where, 

RA : Relative abundance (%) 

  : Number of individuals in the 'each' species 

N : Total number of individuals 
 

Analysis of the diversity of the fish community. The 

species diversity index was calculated using the Shannon-

Wiener diversity index, with the formula as follows;  
 

  

  

 

Where, 

 : The value of the Shannon-Wiener diversity index 

S : The number of species  

  : The proportion of the total sample belonging to 

the species  

ln  : The natural logarithm of   

 

The evenness index, with values indicating the 

distribution of fish species at each site, was calculated using 

Pielou’s index, with the formula as follows: 

 

J = H’/H’ max  
 

Where,  

E  : The values of the evenness index (range 0-1); 

the closer to 1, the higher the evenness  

H’   : The Shannon-Wiener index 

S  : The total number of species  

H’max : The maximum species diversity 

 

The species richness index was calculated using the 

Margaletf index, with the formula as follows: 

 

R = (S-1)/Ln (n) 
 

Where, 

R : Richness index 

n : The total number of fish found 

S : The total number of fish species found 

 

The Dominance Index (D) measures the extent to which 

one group of biota dominates other groups. Significant 

dominance can cause communities to become unstable and 

depressed (Odum and Barret 2005). The Simpson dominance 

index is used to determine if there is a dominant species.  
  

 

 

Where,  

D : Simpson dominance index 

  : Number of individuals in the ‘each’ species 

N  : Total number of individuals  

 

Presence Frequency (PF) is a value that states the number 

of species present in a predetermined research station. FK 

could be calculated using the following formula (Krebs 

2014): 

PF 0-25% : Hardly ever-present  

PF 25-50% : Seldom present  

PF 50-75% : Sometimes present  
PF 75-100% : Generally present 

  

Data on fish populations, species, Shannon diversity 

index (H'), species richness (S), and uniformity index (E) 

were collected monthly from February to August at fish 

trap sites within seaweed cultivation zones in the waters of 

Bone Gulf. The critical component analysis (PCA) technique 

is used to examine high-dimensional data, which proves 

helpful in extracting structures from complex data sets 

(Harefa and Zhou 2022). The analysis was carried out 
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using the EXCELSTAT software to determine the 

parameters that most significantly affect species diversity. 

RESULT AND DISCUSSION 

Species distribution and fish community structure 

A total of 2375 individuals were arrested, and 40 families 

were found in area 3 of the seaweed area, if described for 

ST 1 consisting of 15 species and 198 individuals, ST2 

consisting of 45 species and 554 individuals, and ST3 

consisting of 47 species of 1623 individuals, more details 

can be seen in (Table 2) and (Figure 2). 
Conservation of fish resources is essential in sustainable 

fisheries management, and biodiversity reporting is critical 

in evaluating organisms in the future (Butorac et al. 2020; 

Couture et al. 2024). The results of this study provide 

significant insights for the planning and development of 

protected areas. Fish biodiversity research helps use this 

insight to design more efficient conservation policies 

emphasizing the most diverse and representative taxa to 

protect fish diversity in coastal areas or rivers globally 

(Zhou and Li 2024).  

Species composition and IUCN red list status  
The conservation status of 67 species of fish at 3 

stations can be seen in (Figure 4), showing that there is one 

endangered fish species with endangered (EN), namely 

Honeycomb stingray (Himantura uarnak), and one species 

is vulnerable to extinction vulnerable (VU) the mozamican 

tilapia fish (Oreochromis mossambicus). The number of 

species that are still in the status of not yet evaluated (NE) 

consists of 2 species, namely, Spottail needlefish (S. 

strongylura), Fourfinger threadfin (E. tetradactylum). The 

status of fish that are not in the official category or have not 

been included in the IUCN (NR) not read conservation 
assesment list are 6 species, namely cardinalfish (Apogon 

sp.), Dusky batfish (P. pinnatus), Deep-bodied mojarra (G. 

erythrourus), Black-barred halbeak (H. far), False Trevally 

(L. lactarius), Eubleekeria jonesi (E. jonesi). Some species 

have minimal data distribution Data Deficient (DD), so 

there is no information available to classify the risk of certain 

species, there are 2 species, namely Hawaiian ladyfish (E. 

hawaiensis), Indo-Pacific tarpon (M. cyprinoides) and the 

last is the most dominant species that is still in good health 

and has a stable population (LC) there are 55 species 5 of 

them such as the Spottail needlefish (S. strongylura), 

Indian threadfish (A. indicus), Duskyshoulder trevally (C. 
humerosus), Golden Trevally (G. speciosus) and White 

trevally (C. tille). Many studies have assessed fish resources 

in coastal areas in Indonesia, such as in Wakatobi (Fekri et 

al. 2024), India (Majhi et al. 2024), and Thailand. However, 

especially in the waters of Bone Gulf, reports of fish 

diversity are rarely found in international journals, 

considering that Bone Gulf is an area with a reasonably 

large catch using traditional trap fishing equipment in 

Indonesia.   

Applying and reviewing IUCN (International Union for 

Conservation of Nature) criteria is one of the long-term 
strategies for systematically assessing the level of ecosystem 

threats. This is essential for understanding the level of 

ecosystem degradation and the risk of extinction due to 

human activities, all of which aim to identify changes in 

the landscape scale in guiding land-use planning and 

strategic conservation at the local and national levels (Noh 

et al. 2020). This status is among the most important and 

globally recognized conservation assessment systems 

(Faruque and Matsuda 2021; Zhao et al. 2022; Tuncharoen 

et al. 2024). In the context of fish resources, this status 

plays a crucial role because it can guide scientists, fisheries 
managers, and policymakers in decision-making related to 

the conservation and management of fish stocks in various 

ecosystems. This assessment is critical given that human 

activities, including overfishing, pollution, climate change, 

and loss of natural habitats, often threaten fish resources in 

different regions. By understanding the conservation status 

of specific fish species based on IUCN assessments, 

governments, and conservation organizations can formulate 

policies to prevent further population declines, such as 

establishing no-fishing zones or limiting catch quotas 

(Horodysky et al. 2016). 

Seaweed diversity in the area of the installation of fish 

traps  

The following types of seaweed are cultivated in the 

area where the fish traps are installed, as seen in (Figure 3). 

A. Kappaphycus alvarezii, B. Euchema cottoni, C. 

Kappaphycus striatum, fish favor all of these species as a 

source of supplementary food and shelter from prey (Hehre 

and Meeuwig 2015; Rasnijal et al. 2021). The availability 

of seaweed on the coast of Bone Gulf is varied; some 

locations are not available throughout the year due to the 

influence of river estuaries that bring fresh water when it 
rains, and they are available all year round because it is 

located in the Tanjung area and there are only small rivers. 

Based on data from the Central Statistics Agency of South 

Sulawesi Province, 2024, the eighth largest grass cultivation 

production volume in Bone District with a production 

volume of 200,901 tons/year (BPS 2024). This potential 

shows that the availability of seaweed resources in Bone 

District is very abundant and is also one of the targets of 

herbivorous fish in seaweed cultivation areas. 

Indeks of diversity, evenness, species richness index, and 

dominance  

The balance of fish community structure and the richness 
of fish species in aquatic ecosystems can be seen through 

the index of diversity, equity, and dominance (Roy et al. 

2022). The diversity index is a value that can show the 

balance of diversity by dividing the number of individuals 

of each type (Desrita et al. 2022; Roy et al. 2022). The 

analysis results of the diversity, uniformity, and dominance 

index are presented in (Figure 5). The Shannon-Wiener 

diversity index (H') shows that ST 1 has a value of 2.48, ST 

2 is 3.17, and ST 3 is 3.18. Based on the index criteria, the 

species diversity in ST 2 and ST 3 is classified as high, 

while ST 1 is classified as low. The uniformity index (E) in 
ST 1 is 0.91, ST 2 is 0.834, and ST 3 is 0.832. This 

uniformity value indicates that although the populations at 

all three classified stations have small uniformity, a value 
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close to 1 indicates a relatively even distribution between 

species, with almost the same number of individuals per 

species. The dominance index (C) shows that ST 1 has a 

value of 0.096, ST 2 is 0.059, and ST 3 is 0.057. Based on 

the dominance index criterion (C<0.5), it can be concluded 

that there are no dominant species in all three stations. 

Thus, the three stations are not ecosystems dominated by a 

specific species. The species richness index shows that ST 

2 has the highest value, 6.96, followed by ST 3 with a 

value of 6.08, and ST 1 with a value of 2.64. The index 
provides a comprehensive overview of the balance and 

health of ecosystems at each research station. This analysis 

shows ST 2 and ST 3 have better diversity and species 

richness than ST 1. This can be used as a basis for 

sustainable ecosystem management (Rohim et al. 2024; 

Siriwattanarat et al. 2024; Tuncharoen et al. 2024). To 

achieve sustainable management, it is essential to maintain 

high diversity and good evenness and prevent excessive 

dominance by only one or a few species (Derebe et al. 

2023). Data from these three indices can guide fisheries 

management and aquatic ecosystem conservation policies 
(Dulvy et al. 2021). 

 

 

 
Table 2. A collection of fish communities caught in seaweed cultivation areas 
 

Family/Scientific name Common name Local name I II III F RA (%) 
IUCN  

(Red list) 

Apogonidae 

  Apogon sp. Cardinalfish  Petek 0 2 0 2 0.08% NR 

Belonidae 
  Strongylura leiura Banded needlefish  Julung-julung 0 8 0 8 0.34% NE 
  Strongylura strongylura Spottail needlefish Julung julung 0 0 51 51 2.15% LC 

Carangidae 
  Alectis indicus  Indian threadfish  Talang-talang  0 0 6 6 0.25% LC 
  Carangoides humerosus  Duskyshoulder trevally Talang kecil 0 46 39 85 3.58% LC 
  Platycaranx malabaricus  Malabar trevaly Talang-talang  0 0 4 4 0.17% LC 

  Gnathanodon speciosus  Golden trevally Kuwe mas 0 0 16 16 0.67% LC 
  Caranx tille White trevally  Kuwe hitam 0 25 34 59 2.48% LC 
  Scomberoides iysan Doublespotted queenfish  Talang talang 0 0 38 38 1.60% LC 
  Selar crumenophthalmus  Purse-eyed scad Belitong 0 0 16 16 0.67% LC 
  Selaroides leptolepis  Yellowstripe scad  Selar kuning 0 35 0 35 1.47% LC 

Chanidae 
  Chanos chanos  Milk fish  Bandeng 18 75 187 280 11.79% LC 

Cichlidae 
  Oreochromis mossambicus  Mozambique tilapia Mujair 8 16 18 42 1.77% VU 

Clupeidae 
  Amblygaster leiogaster Smoothbelly sardinella  Tembang 0 4 0 4 0.17% LC 

Dasyatidae 
  Himantura uarnak Honeycomb stingray  Pari macan 0 1 2 3 0.13% EN 

Drepaneidae 
  Drepane punctata  Spotted sicklefish Cermin 5 5 5 15 0.63% LC 

Ephippidae 
  Platax pinnatus Dusky batfish  Kepe-kepe 27 9 1 37 1.56% NR 

Elopidae 
  Elops hawaiensis Hawaiian ladyfish  Bulan-bulan 0 0 27 27 1.14% DD 

Gerreidae 
  Gerres erythrourus Deep-bodied mojarra   Kakap pasir 0 2 0 2 0.08% NR 

Gobiidae         
  Bathygobius fuscus  Dusky frillgoby  Goby 0 0 22 22 0.93% LC 

Hemiramphidae 
  Hemiramphus far  Black-barred halbeak Julung-julung 0 0 10 10 0.42% NR 

Holocentridae 
  Sargocentron diadema  Crown squirrelfish  Sersan 0 0 2 2 0.08% LC 

Labridae         
  Labotes surinamensis  Tripletail  Kerondong 0 10 2 12 0.51% LC 

Lactariidae         
  Lactarius lactarius False trevally Lembu-lembu 0 0 11 11 0.46% NR 

Latidae 
  Lates calcarifer  Barramundi  Kakap putih  4 7 113 124 5.22% LC 

Leiognathidae 
  Eubleekeria jonesi  Eubleekeria jonesi  Peperek  0 0 13 13 0.55% NR 
  Leiognathus fasciatus  Striped ponyfish  Peperek  29 0 149 178 7.49% LC 

Loliginidae 
  Loligo sp. Longfin squit Cumi 0 18 47 65 2.74% LC 
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Lutjanidae 
  Lutjanus adetii  Yellow-banded snapper  Kakap merah 0 3 0 3 0.13% LC 
  Lutjanus fulvus Blacktail snapper Kakap coklat 11 1 53 65 2.74% LC 
  Lutjanus fulviflamma  Dorry snapper Kakap bintik 0 16 0 16 0.67% LC 
  Lutjanus peru  Pacific red snapper  Kakap merah 0 1 0 1 0.04% LC 

Lethrinidae 
  Lethrinus harak Thumbprint emperor Lencam 0 0 6 6 0.25% LC 

Matutidae 
  Matuta victor Common moon crab Kepiting bulan 10 0 20 30 1.26% LC 

Megalopidae 
  Megalops cyprinoides  Indo-Pacific tarpon Bulan-bulan 5 2 53 60 2.53% DD 

Mugilidae 
  Crinimugil seheli  Bluespot mullet Belanak 27 9 120 156 6.57% LC 
  Moolgarda pedaraki  Longfin mullet Belanak 4 0 0 4 0.17% LC 

Mullidae 
  Upeneus sulphureus Sunrise Goatfish Beloso 0 5 10 15 0.63% LC 
  Upeneus vittatus  Stripped goat fish  Belooso loreng 0 11 5 16 0.67% LC 

Penaeidae 
  Litopenaeus vannamei  Whiteleg shrimp Udang vaname 0 53 0 53 2.23% LC 
  Panaeus monodon  Giant tiger prawn Udang windu 0 1 13 14 0.59% LC 
  Paneus marguensis  Bananan prawan Udang putih 0 43 0 43 1.81% LC 

Plotosidae 
  Plototus lineatus  Striped eel catfish Sembilang 0 0 1 1 0.04% LC 

Polynemidae 
  Eleutheronema tetradactylum  Fourfinger threadfin Senangin 0 1 4 5 0.21% NE 

Portunidae 
  Thalamita crenata  Wide front swimingcrab Kepiting mangrove 0 6 35 41 1.73% LC 
  Portunus pelagicus  Blue swimming crab Rajungan  0 14 15 29 1.22% LC 
 Portunus sanguinolentus  Threespot swimming crab  Rajungan  0 0 63 63 2.65% LC 
 Scylla serrata  Mud Crab Kepiting bakau  0 10 10 20 0.84% LC 

Scaridae 
  Scarus quoyi  Quoy’s parrotfish Najong 0 1 0 1 0.04% LC 

Scatophagidae 
  Scatophagus argus  Spotted scat Kiper 0 0 3 3 0.13% LC 

Scombridae         
  Rastrelliger kanagurta  Indian mackerel Kembung 0 2 33 35 1.47% LC 

Sciaenidae         
  Johnius borneensis  Sharpnose hammer croaker Kurisi 0 0 6 6 0.25% LC 

Serranidae         
  Epinephelus quoyanus  Longfin grouper Kerapu 0 3 0 3 0.13% LC 
  Epinephelus merra  Honeycomb grouper Kerapu 0 5 0 5 0.21% LC 
  Epinephelus polyphekadion  Camouflage grouper Kerapu  0 3 0 3 0.13% LC 

Siganidae         
  Siganus canaliculatus  White-spotted spinefoot Baronang susu 0 31 0 31 1.31% LC 
  Siganus guttatus  Orange-spotted spinefoot Baronang totol 10 25 135 170 7.16% LC 
  Siganus javus  Streaked spinefoot Baronang angin 0 5 68 73 3.07% LC 
  Siganus puellus  Masked spinefoot Baronang biru 0 2 0 2 0.08% LC 
  Siganus spinus  Little spinefoot Baronang duri 18 0 2 20 0.84% LC 
  Siganus vermiculatus Vermiculated spinefoot Baronang bulu ayam  0 4 0 4 0.17% LC 
  Siganus virgatus  Barhead spinefoot Baronang garis garis 0 1 0 1 0.04% LC 

Sillaginidae         
  Sillago sihama  Silver sillago Kurisi 0 8 0 8 0.34% LC 

Sphyraenidae 
  Sphyraena barracuda  Great barracuda Barakuda 3 22 18 43 1.81% LC 

Tetraodontidae 
  Arothron manilensis  Narrow-lined puffer Buntal 0 1 0 1 0.04% LC 

Terapontidae 
  Terapon jarbua Jarbua terapon Kerong-kerong  19 2 136 157 6.61% LC 

Toxotidae 
  Toxotes jaculatrix Banded archerfish Pemanah 0 0 1 1 0.04% LC 

Notes: F: Frequency; RA (%): Relatif Abundance; LC: Least Concern; NR: Not Recognized; DD: Data Deficient; NE: Not Evaluated; 
VU: Vulnerable; EN: Endangered 
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Figure 2. Documentation of fish specimens found in the seaweed farming area capture area. A. Apogon sp.; B. Strongylura leiura; 
C. Strongylura strongylura; D. Alectis indica; E. Carangoides humerosus; F. Platycaranx malabaricus; G. Gnathanodon speciosus; 

H. Caranx tille; I. Scomberoides iysan; J. Selar crumenophthalmus; K. Selaroides leptolepis; L. Chanos chanos; M. Oreochromis 
mossambicus; N. Amblygaster leiogaster; O. Himantura uarnak; P. Drepane punctata; Q. Platax pinnatus; R. Elops hawaiensis; 
S. Gerres erythrourus; T. Bathygobius fuscus; U. Hemiramphus far; V. Sargocentron diadema; W. Labotes surinamensis; X. Lactarius 
lactarius; Y. Lates calcarifer; Z. Eubleekeria jonesi; AA. Leiognathus fasciata; AB. Loligo sp.; AC. Lutjanus adetii; AD. Lutjanus 
fulvus; AE. Lutjanus fulviflamma; AF. Lutjanus peru; AG. Lethrinus harak; AH. Matuta victor; AI. Megalops cyprinoides; AJ. Crinimugil 
seheli; AK. Moolgarda pedaraki; AL. Upeneus sulphureus; AM. Upeneus vittatus; AN. Litopenaeus vannamei; AO. Panaeus monodon; 
AP. Paneus marguensis; AQ. Plototus lineatus; AR. Eleutheronema tetradactylum; AS. Thalamita crenata; AT. Portunus pelagicus; 
AU. Portunus sanguinolentus; AV. Scylla serrata; AW. Scarus quoyi; AX. Scatophagus argus; AY. Rastrelliger kanagurta; AZ. Johnius 

borneensis; BA. Epinephelus quoyanus; BB. Epinephelus merra; BC. Epinephelus polyphekadion; BD. Siganus canaliculatus; 
BE. Siganus guttatus; BF. Siganus javus; BG Siganus puellus; BH. Siganus spinus; BI. Siganus vermiculatus; BJ. Siganus virgatus; 
BK. Sillago sihama; BL. Sphyraena barracuda; BM. Arothron manilensis; BN. Terapon jarbua; BO. Toxotes jaculatrix 
 
 
  

   
 
Figure 3. Types of seaweed installed in the area of installation of trap fishing gear. A. Kappaphycus alvarezii; B. Euchema cottoni; C. 
Kappaphycus striatum 

 

 
 

  
 
Figure 4. IUCN status information (International Union for 

Conservation of Nature). NR: Not Recognized; NE: Not Evaluated; 
LC: Least Concern; VU: Vulnerable;  DD: Data Deficient; EN: 
Endangered 

Relationship of fish assemblage and environmental 

parameters 

The physicochemical parameters of the water measured 

in place during the study in the coastal area of Bone Gulf 

can be seen in (Table 4). The temperature range is (28.48-
29.90°C), the current speed range (0.19-0.21 m/s), the DO 

range (6.51-7.82 mg/L), the pH range (7.87-8.26), the 

salinity range (30.95-32.52 ppt), transparency range (0.93-

1.2 m), nitrate range (0.72-0.85 mg/L), turbidity range 
(0.71-2.16 NTU), and phosphate range (0.018-0.036 mg/L) 

and depth (4-4.5 meter). In addition, the environmental 

condition that has a high range is transparency, where the 

conditions in the area near the cape have a lower level of 

brightness due to the influence of water coming from the 

river and also because of the waves that always hit the 

rocks so that there is water that stirs in the cape area which 

causes a very low brightness value and a very high turbidity 

value (Li et al. 2020), When compared to areas in seaweed 

cultivation areas with very high brightness levels and very 

low turbidity levels, the water in these areas looks blue and 
clear (DeAngelo et al. 2023; Zhang et al. 2024). 

Analysis of the relationship between the physicochemical 

aquatic environment and fish caught in the aquatic 

environment is one of the determining factors for the 

existence of fish stocks. Based on PCA (Principal Component 

Analysis) analysis, biplot graphs were obtained to see the 

proximity between various environmental factors, fish 

collections at each station, and characterization factors of 

each research station. Correlations between various factors 

are determined from angles (<900), while not correlated 

with shape angles (>900) or using information from 

correlation matrices obtained from the XLSTAT program 
(Figure 6) shows that each environmental factor and station 

is spread across the quadrant and correlates with the 

A B C 



PATANGNGARI et al. – Fish diversity and physicochemical factors 

 

161 

environmental parameters and the research station 

(Parenden et al. 2023; Siriwattanarat et al. 2024). ST 1 has 

parameters such as turbidity, phosphate, and transparency, 

which correlate with the location of the installation of fish 

traps in front of large rivers, so these parameters are 

characteristic of this station. Meanwhile, ST 2 has 

parameters in the form of current speed, number of species, 

and depth caused by its location far from the cape, being in 

deep waters, and being exposed to large waves. Unlike ST 

1 and ST 2, ST 3 has no special characterizing parameters. 

The location is near Tanjung Pallette, with a substrate in 

the form of rocks and no river flowing around it. In 

addition, nitrate, salinity, temperature, pH, and DO parameters 

did not significantly affect the three research stations. This 

is suspected to be due to the distance between the trap 

installation sites only a few kilometres, making it impossible 

to have specific characteristics. Each station's low and high 

characteristics can be seen from the location of the 

parameter in the positive (+) or negative (-) quadrant.   

 

 

 

  
 
Figure 5. A. Percentage of total fish species richness in seaweed farming catchment areas on the coast of Bone Gulf; B. Index of 
Diversity (H'), Evenness (H), dominant index analysis (C) of fish species assemblage from seaweed cultivation fishing area in coastal 
Bone Gul, South Sulawesi, Indonesia 
 
 
 

  
 
Figure 6. Biplot graph of PCA analysis. A. Environmental factors and number of species; B. Environmental factors, fishing trap 
installation stations at the research site 
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Table 4. Ranges of physiochemical parameters measured at the Bone Gulf, South Sulawesi, Indonesia 
 

Environmental parameters 
Seaweed farming areas 

ST1 ST2 ST3 

Temperature (°C) 28.48±0.22 29.69±0.83 29.90±0.89 

Current speed (m/s) 0.19±0.08 0.20±0.07 0.19±0.08 

DO (Dissolved Oxygen) (mg/L) 6.51±0.22 7.12±0.73 7.82±0.68 
pH 7.87±0.23 8.10±0.31 8.26±0.24 
Salinity (ppt) 30.95±4.52 32.33±4.09 32.52±3.40 
Transparency (m) 0.93±0.33 1.01±0.47 1.2±0.66 
Nitrate (mg/L) 0.72±0.17 0.85±0.04 0.81±0.19 

Turbidity (NTU) 1.11±0.50 0.71±0.53 2.16±1.35 
Phosphate (mg/L) 0.02±0.002 0.018±0.003 0.026±0.010 
Depth (m) 4±0 4.5±0 4.5±0 

 
 

The waters of Bone Gulf, especially the research location 

located between a rocky mountain and a seaweed 

cultivation zone, are unique because it is a place to install 

fishing gear and seaweed cultivation for many small 

fishermen. The headland area where the fishing gear is 

installed is bordered by large and small rivers, significantly 

affecting the fish population. In previous studies, all 

stations following the cape, referred to as characteristic 
factors, were identified based on phosphate and turbidity 

levels. The correlation between phosphate and turbidity in 

water primarily concerns the role of phosphate as a nutrient 

for microbes, mainly algae (Inyang and Wang 2020). When 

phosphate concentrations increase, this can encourage 

excess algae growth, especially in freshwater ecosystems. 

This process, known as eutrophication, results in an explosion 

of algae populations, which then die and decompose, 

releasing organic particles that can increase the turbidity of 

the water (Beau and Brischoux 2021). High phosphate 

levels generally come from agricultural and urban wastes 
entering the aquatic system, causing visible water quality 

degradation from increased turbidity and decreased 

dissolved oxygen levels that are important for aquatic life 

(Baustian et al. 2018). 

The main determinant is the speed of the current. This 

factor has a great impact on the success of fishermen's 

fishing in seaweed areas because the intensity of the ocean 

currents determines the number of fish caught in the water. 

Research shows that current velocity in coastal areas is 

correlated with fish catch, largely due to its influence on 

fish distribution and foraging habitats. In coastal areas, 

current fluctuations significantly contribute to the enrichment 
of the environment with nutrients essential for small fish 

and plankton, thus increasing predatory fish populations. In 

the coastal regions of Ghana, climate change and 

fluctuations in ocean currents are substantially impacting 

fish catches by altering the distribution and availability of 

fish stocks (Ankrah et al. 2024). Medium current velocities 

often facilitate optimal fish aggregation and foraging 

conditions, while overly strong currents can hinder fish 

mobility and reduce fishing efficiency (Cianchetti-Benedetti 

et al. 2018). Research in coastal areas of Australia shows 

that currents affect fish populations around coral reefs, as 
species adapt to certain current levels for optimal 

swimming efficiency and avoid predators. Steady currents 

in these regions typically increase fish populations and 

fishing efforts (Farias et al. 2018). The position of the 

installer greatly affects the catch in the coastal area, not only 

because of the current, but also because of other factors 

such as depth. This study shows that the optimal catch is in 

a river area, where currents have a positive correlation with 

the number of catches. In addition, based on the PCA 

analysis above, depth is also an important factor that affects 

the results of the catch. Depth as a significant covariate in 

some models that analyze fish populations. This suggests 
that different species of fish respond to the inward 

differently. Another thing is that depth also plays a role in 

the distribution of species, biomass, and the existence of 

fish stocks as a whole in coastal ecosystems (Bergström et 

al. 2019). 

Top six catch distributions 

The size distribution of dominant fish species shows a 

standard shape for Milkfish (C. chanos) Common ponyfish 

(L. equula), Orange-spotted spinefoot (S. guttatus), Jarbua 

terapon (T. jarbua), and Barramundi (L. calcarifer) can be 

seen in Figure 5. 
 
 

 
 
Figure 5. Six dominant fish species in Bone Gulf. A. Chanos 
chanos; B. Leiognathus fasciatus; C. Siganus guttatus; D. 
Terapon jarbua; E. Crinimugil seheli; F. Lates calcarifer 
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This study concludes the importance of understanding 

fish diversity in seaweed farming areas. This knowledge is 

critical to ecosystem function and conservation efforts, as it 

provides important data to protect coastal diversity that is 

crucial to the ecosystem. The study identified current speed 

and depth as the main significant physicochemical factors 

affecting trap catch rates. Other factors such as phosphate, 

turbidity, nitrate, salinity, temperature, pH, and dissolved 

oxygen were found to have no significant impact at these 

three sites. 2455 individuals of 76 species and 39 families 
were found, with the most frequently caught species 

including C. chanos, L. fasciatus, S. guttatus, T. jarbua, and 

C. seheli. Notably, O. mossambicus and H. uarnak are 

classified as vulnerable and endangered according to IUCN 

data, respectively. These findings are intended to guide 

adaptive and sustainable fisheries management decisions. 

This is crucial to contribute to global efforts to address the 

challenges of climate change and its impacts on marine 

ecosystems. In the future, there should be a focus on long-

term monitoring of fish population dynamics and the 

effects of seaweed farming on fish community structure. 
The study also recommends formulating sustainable 

management practices involving local communities to 

conserve and enhance aquatic ecosystems and ensure long-

term health. 
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