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Abstract. Andriyono S, Akhmad H, Alam MJ, Dewi NN, Lutfiyah L, Suciyono. 2025. Molecular identification of peacock bass (Cichla 

ocellaris) from the Bedog River, Yogyakarta, Indonesia. Biodiversitas 26: 1565-1573. The introduction of non-native fish species can 
lead to the establishment of invasive species groups that pose environmental threats and contribute to biodiversity loss. The primary aim 

of this study was the precise molecular identification of specific Cichla spp. from the Bedog River in Yogyakarta. Seven Cichla fish 

samples were collected from the Bedog River (upstream and downstream area) from August to October 2020 using a fish net. The 

cytochrome C Oxidase subunit I (COI) gene region serves as the basis for species identification, with comparisons made against the 
National Center for Biotechnology Information (NCBI) database. In this study, the primers used in PCR were Universal Fish BCL-BCH 

primers. The PCR results were followed by sequencing using the Sanger platform. Of the seven samples procured from the Bedog River, 

all unequivocally indicated the presence of the Cichla species, identified explicitly as Cichla ocellaris (99.68-100% similarity to 

reference NC030272). Furthermore, upon phylogenetic tree construction, these sequences consistently clustered with C. ocellaris and 
Cichla temensis sequences. Nevertheless, discerning characteristics of the color pattern align more closely with C. ocellaris. The 

identification of non-native species in the Bedog River underscores the imperative for vigilant monitoring of fish introductions to avert 

potential harm to indigenous fish populations. The predatory nature of C. ocellaris raises concerns about its capacity to exert pressure on 

local fish populations, potentially culminating in its invasive establishment—a phenomenon with deleterious implications for tropical 
fish biodiversity in Indonesia. DNA Barcode applications are essential in supporting the provision of accurate data and in preventing the 

illegal spread of non-native fish. 
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INTRODUCTION 

The introduction of non-native fish species can lead to 

the establishment of invasive species groups that pose 

environmental threats and contribute to biodiversity loss. 

Recent assessments have highlighted a concerning risk, 

with 39% of global fish species projected to face extinction 

within the next 400 years because of the impact of invasive 

alien species (Kiruba-Sankar et al. 2018). Previous research 

has underscored the complex effects of non-native aquatic 

species on indigenous freshwater fish communities, noting 
both positive and negative effects (Tarkan et al. 2017). 

However, efforts to introduce non-native fish into new 

habitats often result in a gradual decline in local fish 

populations, which, over time, may contribute to the extinction 

of certain species (Harper and Bunbury 2015). 

Despite the critical implications of invasive species, 

studies on this phenomenon in Indonesia remain limited 

and require more comprehensive coordination. A notable 

example comes from research conducted in Lake Poso, 

Sulawesi, revealing the presence of introduced species like 

striped snakehead Channa striata (Bloch, 1793) and Amazon 
sailfin catfish Pterygoplichthys pardalis (Castelnau, 1855) 

(Herder et al. 2022). Some species exhibit remarkable 

adaptability to introduced environments, particularly 

ornamental fish imported from tropical waters, raising 

concerns about their impact on endemic fish populations 

(Herder et al. 2012). Hatchery and artificial propagation 

activities further compound the issue, allowing fish seeds 

to survive and establish themselves in novel environments 

outside their natural habitats. In the Bedog River area in 

Yogyakarta, the presence of Cichla sp. fish constitutes a 

novel report, prompting monitoring efforts by the 

Yogyakarta fish quarantine and fishery quality control 

station from 2021 to 2022. There is no definite information 

about the presence of Cichla fish in this river area. The 
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survey results were conducted in 2021 based on preliminary 

information from traditional fishing enthusiasts. The 

identifying juvenile Cichla fish presents particular 

challenges because of the lack of distinctive color patterns, 

necessitating molecular approaches to improve accuracy 

and reduce errors in identification in public waters (Mourão et 

al. 2017). This underscores the value of advanced scientific 

methods in addressing the complexities of studying invasive 

species and their potential impacts on aquatic ecosystems. 

The aquatic ecosystem in Yogyakarta is very supportive 

of ornamental fish development. As evidence, ornamental 

fish hubs are scattered throughout urban areas in Yogyakarta, 
showcasing a diverse array of species, notably the cichlid 

(Ika et al. 2021). Among these, the genus Cichla, an 

introduced species, captivates enthusiasts with its vibrant 

color patterns, making it a sought-after commodity in fishing 

circles. Initially introduced in Indonesia for ornamental 

purposes, this African genus has garnered attention across 

Asia, including Indonesia (Rachmatika and Wahyudewantoro 

2006). The primary concern is their invasive potential in 

public waters, where the predatory nature of Cichla species 

threatens to dominate aquatic habitats, posing a serious risk 

to native fish populations that may be unable to compete 

effectively, ultimately leading to their decline (Umar and 

Sulaiman 2013). The Quarantine and Quality Control Station 

for Fishery Products further clarified this issue, beginning 

with assessments in September 2021. However, significant 

challenges arise in the morphological identification of 

juvenile fish, complicating the overall evaluation process. 

This difficulty is not unique to this case. It also applies to 
other species with distinctive color patterns, such as trout 

cod (Maccullochella macquariensis) (Cuvier, 1829) and 

Murray cod (Maccullochella peelii (Mitchell, 1838)) 

instances (Lyon et al. 2018). 

Previous studies investigating the invasive potential and 

DNA barcoding of Cichla species have been conducted in 

Malaysia (Khaleel et al. 2020, 2021). DNA barcoding, a  

molecular identification technique utilizing mitochondrial 

DNA in the cytochrome C Oxidase subunit I (COI) region, 

has become the global standard for molecular identification 

(Hebert et al. 2003). This technique is broadly applicable 

and has been successfully applied to various organisms, 

including fish (Lakra et al. 2011). Although DNA 

barcoding has been widely adopted in numerous fields, its 

application in invasive fish research in Indonesia remains 

limited. The Cichla species examined in this study are 

considered invasive because of their strong dominance 

within their habitat, a trait evidenced by their widespread 

distribution, including in Indonesia (Sastraprawira et al. 
2020a). In line with this, the purpose of this study is 

molecular-based identification of specific Cichla spp 

accurately. This study provides essential insights that can 

inform policy measures to manage the spread of invasive 

fish species in Indonesia’s native ecosystems, with a 

particular focus on the Yogyakarta Province, Indonesia. 

MATERIALS AND METHODS 

Samples collection 
Seven Cichla fish samples were procured from the 

Bedog River in Sleman District, Yogyakarta Province, 

Indonesia during August and October 2020 and stored in a 

refrigerator (-10°C) for molecular-based identification. The 

collection methodology involved using gillnets and 

traditional fishing gear to mitigate unintended catches of 

non-target species. The survey took advantage of the 

optimal river conditions prevalent during these months, 

characterized by reduced water discharge typical of the dry 

season in Indonesia. Two distinct locations along the 
Bedog River, namely the upstream area (7°44'51.462” S - 

110°20'14.326” E) and downstream (7°45'17.036” S - 

110°20'02.585” E), were investigated with spatial 

separation of 5 km (Figures 1 and 2).  
 

 

 
 

Figure 1. Sample sites of peacock bass (Cichla ocellaris) in the Bedog River, Sleman District, Yogyakarta Province, Indonesia. A.  
Upstream; B. Downstream 
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Figure 2. Location of: A. Upstream; B. Downstream of the Bedog River, Yogyakarta, Indonesia where Cichla ocellaris fish were found 

 
 

 

Morphological identification adhered to Food and 

Agriculture Organisation (FAO) guidelines (Heemstra 1993), 

with species confirmation achieved through molecular 

identification utilizing the Cytochrome Oxidase I (COI) 

gene region. The study did not necessitate specific permits, 

as the samples were collected from the river in collaboration 

with local traditional fishermen. All collection operations 

and experiments are conducted in strict accordance with 

local laws and relevant laboratory regulations to protect 

natural resources. Each specimen underwent photographic 

documentation using a digital camera. The survey for 

Cichla employed a species-specific net as the primary 

focus. In addition to the fish samples constituting the core of 

this research, complementary data encompassed 

measurements related to water quality within the fish 
habitat. Parameters such as temperature and dissolved 

oxygen (oxygen meter Lutron DO-5510) and water acidity 

(hand pH meter accuracy ±0.05 range 0.00-14.00) were 

assessed to provide comprehensive insights into the 

ecological context. Water quality measurement followed 

equipment manuals. 

DNA extraction and PCR condition 
All the collected specimens were preserved in 90% 

ethanol to maintain their structural integrity for subsequent 

laboratory analyses. At the initial stage of genomic DNA 

extraction, 0.5-g tissue samples from each specimen were 

aseptically dissected and rinsed with distilled water to 

remove residual ethanol. The cleaned tissue samples were 

transferred into microtubes containing 6× lysis buffer and 

mechanically disrupted using a TissueLyser II instrument 

(Qiagen, Hilden, Germany). Genomic DNA was extracted 

using the Accuprep® Genomic DNA Extraction Kit (Bioneer, 

Daejeon, Korea), strictly following the manufacturer’s 

protocol. The DNA concentration was measured using a 

NanoDrop spectrophotometer (D1000; Thermo Fisher 

Scientific, Wilmington, DE, USA) and either immediately 

used for Polymerase Chain Reaction (PCR) applications or 

stored at -70°C for future analyses. 
The COI gene was amplified from DNA samples using 

a universal primer set previously validated for fish 

identification: FISH-BCL (5′-TCA ACY AAT CAY AAA 

GAT ATY GGC AC-3′) and FISH-BCH (5′-TAA ACT TCA 

GGG TGA CCA AAA AAT CA-3′) (Baldwin et al. 2011). 

These primers target the COI region, which is approximately 

600 bp long. The PCR reaction mixture (20 µL) contained 

11.2 µL of ultra-pure water, 1 µL each of the forward and 
reverse primers (0.5 µM), 0.2 µL of Ex Taq DNA 

polymerase (TaKaRa, Kusatsu, Japan), 2 µL of 10× ExTaq 

Buffer, 2 µL of dNTPs (1 µM, TaKaRa), 0.6 µL of dimethyl 

sulfoxide, and 2 µL of genomic DNA as the template. The 

PCR conditions were as follows: initial denaturation at 

95°C for 5 min; 40 cycles of denaturation at 95°C for 30 s, 

annealing at 50°C for 30 s, and extension at 72°C for 45 s; 

and final extension at 72°C for 5 min. After verifying the 

desired bands on a 1.5% agarose gel, the PCR products 

were purified using an AccuPrep Gel Purification Kit (Bioneer). 

Data analysis and phylogenetic reconstruction  
Sequence alignment was performed using MEGAX 

software (Kumar et al. 2018), incorporating sequences 

from the GenBank database for comparative analysis. Raw 

DNA sequences were trimmed using Chromas software 

(http://technelysium.com.au/wp/chromas/), and low-quality 

regions (quality value <20) were removed to ensure sequence 

integrity. Trimming was applied to both the forward and 

reverse sequences, and the reverse sequence was reversed 

and complemented using an online tool (https://www. 

bioinformatics.org/sms/rev_comp.html) before alignment. 

Forward and reverse sequences were manually merged to 

generate an extended sequence, facilitating the accurate 
identification of the COI region. The combined sequences 

were aligned using ClustalW (https://www.ebi.ac.uk/Tools/ 

msa/clustalo/) and compared with sequences in the 

National Center for Biotechnology Information (NCBI) 

BLASTN database (https://blast.ncbi.nlm.nih.gov/Blast.cgi) 

to confirm the species identity. Following species assignment, 

a phylogenetic tree was constructed using MEGAX to 

examine the evolutionary relationships. Pairwise evolutionary 

distances were calculated using the Kimura 2-Parameter 

method, and a neighbor-joining tree was generated with 

1,000 bootstrap replicates to ensure reliability (Kumar et al. 

2018). This approach is standard for DNA barcoding and 

has been previously validated by Collins and Cruickshank 

(2013). For the outgroup in the phylogenic tree, the DNA 

sequence of Mozambique tilapia (Oreochromis mossambicus 

A B 
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(Peters, 1852)) (GenBank Accession No. MG407408) was 

included as an outgroup in the phylogenetic analysis 

(https://www.ncbi.nlm.nih.gov/nuccore/1511211100). This 

species was chosen due to its belonging to the family 

Cichlidae and its prevalence in common Indonesian waters. 

RESULTS AND DISCUSSION 

The laboratory molecular experiment was conducted on 

May 13, 2022, concurrently with in-situ water quality 

measurements situated along the Bedog River in Sleman, 

Yogyakarta. The dataset gathered encompassed water 

quality metrics from the two designated research locations, 

as well as peacock bass tissues well preserved by the 
personnel at the Fish Quarantine and Quality Control Station 

in Yogyakarta (Figure 3). 

Water quality parameters 

 Based on several water quality parameters, on average, 

the condition of Bedog River waters is quite supportive of 

aquatic biota such as fish (Table 1). Despite prior 
categorizations assigning it to a river exhibiting moderate 

pollution and low water fertility (Fauzia et al. 2016), 

previous research, considering the abundance of existing 

plankton (Anggraini et al. 2016). Insights gleaned from 

interviews with the local community indicate the continued 

presence of indigenous fish species such as cyprinid fish 

(Rasbora spp.), Nile tilapia (O. niloticus (Linnaeus, 1758)), 

Mozambique tilapia (O. mossambicus), and other varieties 

in the Bedog River. Meanwhile, the habitat condition of the 

Cichla spp. fish in the same river remains notably 

favorable, characterized by normal water quality parameters 

(Figure 2). 

Molecular identification 
After achieving a uniform length for phylogenetic 

reconstruction, all collected samples underwent successful 

amplification, resulting in DNA sequences within the COI 

region, averaging 600 bp. Gel electrophoresis of the PCR 

products revealed that the target DNA fragment ranged 

from 500 to 600 bp, and was subsequently sent for 

sequencing (Figure 4). Using the open-source software 

ClustalW (https://www.ebi.ac.uk/Tools/msa/clustalo/), we 

aligned the DNA sequences of the COI region with the COI 

reference sequence NC030272, obtaining lengths between 
616 and 680 bp. Following alignment with other DNA 

sequences belonging to the genus Cichla, phylogenetic 

trees were constructed, including calculations of genetic  

distances, as detailed in Table 3, using MEGAX (Kumar et 

al. 2018). The identified species for the fish sample was 

confirmed as C. ocellaris after alignment to the reference 

using BLAST on the NCBI Genbank database and 

exhibited close to 100% identity for all sequences (Table 2). 

 

 
 

  
 
Figure 3. Specimens of this investigation: A. Six out of seven 

samples of peacock bass (Cichla ocellaris) collected from the 

Bedog River, Sleman Yogyakarta; B. Laboratory activities for 

morphological measurement 
 

 

 
 

Figure 4. Gel electrophoresis results on PCR product for all samples 
of Cichla ocellaris  

 

 

 
Table 1. Water quality data at the two survey locations of Cichla ocellaris on the upstream and gentle Bedog River, Yogyakarta, 

Indonesia 

 

Coordinate location 
Average of 

temperature (°C) 

Average of 

DO (mg/L) 

Average of 

pH value 

Upstream; 7°45’17.036” S, 110°20’02.585” E 28.76a ± 0.47 7.80 a ± 0.20 6.74 a ± 0.11 

Downstream; 7°44’51.462” S, 110°20’14.326” E 28.33a ± 0.15 8.00 a ± 0.00 7.00 a ± 0.01 

 
 

A B 
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Table 2. BLASTN DNA sequence results online on the NCBI database of Cichla ocellaris 

 

Sample ID Species name % Identity Reference GenBank Acc No. Sequence length (bp) GenBank Acc No. 

CH01 C. ocellaris 100 NC030272* 668 PP999305 
CH02 C. ocellaris 100 NC030272* 616 PP999306 

CH03 C. ocellaris 100 NC030272* 680 PP999307 

CH04 C. ocellaris 99.68 NC030272* 620 PP999308 

CH05 C. ocellaris 100 NC030272* 668 PP999309 
CH06 C. ocellaris 100 NC030272* 609 PP999310 

CH07 C. ocellaris 100 NC030272* 635 PP999311 

Note: *: Lin et al. (2017) 

 

 

 
 

Figure 5. The phylogenetic tree reconstruction of Cichla ocellaris 

from the Bedog River, Yogyakarta. Genbank Accessing number 

PP99305-PP99311 is a sample of this research 
 

 

All the obtained the DNA sequence of the cytochrome c 

oxidase subunit I region with a length of 616-680 bp by 

aligning with the COI reference sequence NC030272, 

which has undergone comprehensive mapping of its 

mitochondrial DNA characteristics (Lin et al. 2017). The 

BLASTN analysis conducted using the GenBank NCBI 

database revealed similarities to another species, specifically 

Cichla temensis (Humboldt, 1821), found in the Amazon 

waters (Willis et al. 2015; Coffill‐Rivera et al. 2022) identified 

by the GenBank Accession Number FJ440622 (Ardura et 
al. 2010). However, considering additional parameters, 

such as query coverage and scores, C. ocellaris (Bloch & 

Schneider, 1801) emerged as a more valid sequence identity 

in our research context. Phylogenetic tree analysis further 

underscored the similarity between C. ocellaris and C. 

temensis, as evidenced by clustering all samples within the 

same clade. Additionally, the phylogenetic tree illustrates 

the kinship of C. ocellaris with both C. temensis and C. 

monoculus (Agassiz, 1831). The COI region, often called 

the “barcode” region, has become the global standard for 

molecular identification. This designation is based on 

extensive records of the COI database in GenBank and its 

various advantages for DNA barcoding (Hebert et al. 2003; 

Hubert and Hanner 2015; Antil et al. 2023). 

The genetic distance results determined using MEGAX 

software underscored the distinctiveness of C. ocellaris 

from other Cichla species. All samples in this study 

exhibited a genetic distance of zero compared to samples of 

the same species from China, as identified by GenBank 
numbers KU878410 and NC030272 (Table 3). However, 

C. temensis and C. monoculus also manifested relatively 

close genetic proximity to C. ocellaris, registering values 

of 0.0000 and 0.0019, respectively. In tandem with reinforcing 

the disparities in their morphological characteristics, a 

detailed exploration of their genetic traits was also 

undertaken through comparative analysis. This exploration 

emphasizes the necessity of subjecting these two species to 

testing across other gene regions that can differentiate them 

genetically. 

Discussion 
Since 2016, the Technical Implementation Units of the 

Fish Quarantine Center under the Ministry of Maritime 

Affairs and Fisheries have diligently mapped potentially 

hazardous invasive fish species across Indonesia. This 

undertaking reflects a concerted government effort to 

regulate the proliferation of prohibited invasive foreign 

fish that, despite restrictions, persistently find their way 

into widespread trade, cultivation, and maintenance for 

various community purposes. This regulatory initiative is 

crucial for curtailing the rampant introduction of invasive 

fish into public waters and ensuring the sustainable 

management of fishery resources. The control of 
dangerous and harmful invasive fish dates back to 1982, 

initially through the Minister of Agriculture's Decree and 

later updated by PERMEN KP No. 19/2020. However, 

over more than four decades, an increasing number of 

prohibited invasive fish species have circulated in the 

community (Haryono et al. 2016), primarily facilitated by 

the ornamental fish industry and recreational fishing 

(Achmad et al. 2018, 2020). This was the first stage of 

obtaining results on the presence of invasive fish in river 

waters. The results of this study may serve as a basis for 

regulating the spread of Cichla fish species in Indonesia. 

Introducing invasive fish into typical aquatic 

environments in Yogyakarta harms local ecosystems. A 

compelling case is the proliferation of the red devil fish 

(Amphilophus labiatus (Günther, 1864) and Amphilophus 

citrinellus (Günther, 1864)) in the Sermo Kulonprogo 

Reservoir. The dominance of this fish suppresses native 
fish populations, with the red devil fish comprising more 

than 70% of every fishing effort (Djumanto et al. 2017). 
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Another example involves the frequent release of tilapia, 

which are suspected to have contributed to the outbreak of 

the tilapia lake virus. This virus can mutate and infect 

native fish, including gurami (Osphronemus gouramy 

(Lacepède, 1801)) (DKP Kab Gunungkidul 2019). Invasive 

fish species, such as the flower horn (Cichlasoma 

trimaculatum (Günther, 1867)), alligator gar (Atractosteus 

spp.), jaguar cichlid (Parachromis managuensis (Günther, 

1867)), and Polypterus senegalus (Cuvier, 1829) have 

been introduced to various common aquatic environments 

in Yogyakarta (Akmal et al. 2022). Notably, the damage 

inflicted by louhan fish has been recorded. It has expanded 
its invasion area by 6 km/year in Lake Matano, South 

Sulawesi (Sentosa and Hedianto 2020) with concerns that 

a similar scenario might be unfolding in various common 

waters in Yogyakarta. Moreover, the outbreak of a 

peacock bass population in Malaysia, with its potential to 

hybridize between species, poses a threat to native fish 

populations in common aquatic environments. These 

omnivorous fish tend to prey on smaller fish, including 

their own species (Sastraprawira et al. 2020a). This evidence 

challenges the prevailing myth among hobbyists, dispelling 

the notion that the invasiveness of fish species diminishes 

after domestication, a misconception often conveyed by 

users of quarantine services seeking certification for the 

trafficking of invasive fish. 

Community activities play a pivotal role in driving 

widespread circulation and introduction of invasive fish 

into common aquatic environments. An annual study 

conducted by BKIPM Yogyakarta demonstrated that 
community perceptions regarding the release of invasive 

fish are intricately linked to levels of community knowledge, 

awareness, and responsibility (Achmad et al. 2020). The 

efficacy of legal instruments to prevent invasive fish's 

release is a critical determinant. The absence of local 

regulations addressing this matter poses challenges for law 

enforcement officers in ascertaining the legal status of 

community actions. Moreover, the increased economic 

value associated with various invasive fish species, 

particularly those prominent in the ornamental fish industry, 

significantly influences public awareness. Economic interests 

frequently supersede concerns regarding the potential harm 

posed by the maintenance of invasive fish. Additionally, 

the prevalence of various cultural and religious rituals 

contributes significantly to the elevated instances of 

invasive fish release, particularly when adequate support 

and outreach efforts are not directed toward these 
communities (Maixenchs et al. 2019). 

Hence, the prohibition of invasive fish trafficking 

represents an initial measure envisaged to be efficacious at 

curtailing the potential for the community’s irresponsible 

ownership and utilization of such species. However, the 

quarantine identification process, a pivotal component in 

inspecting fish commodities slated for trafficking, poses an 

enduring challenge for enforcement officers. This complexity 

arises from the sheer multitude of fish species—152 

initially, as stipulated in PERMEN KP No. 41/2014, later 

revised to 76 in PERMEN KP No. 19/2020—whose 

morphological characteristics necessitate a comprehensive 

understanding. Fish health certificates, essential for trade, 

rely predominantly on external morphological observations, 

leading to potential errors, especially for species prone to 

hybridization. Consequently, certifications may be erroneously 

obtained for hybrid fish originating from prohibited 

parental species. Health certificates for fish entering 

Yogyakarta often list the Latin name of the fish, with only 

the genus classification, neglecting to specify the species. 

This oversight allows for the trafficking of fish, such as 

louhan fish (C. trimaculatum), for which prohibited species 

may exist within the genus. These practices contravene the 

precautionary principles of the international biosecurity 

system. Despite international compliance, this circumstance 
persists because of the absence of clear regulations 

mandating the genetic examination of fish species. The 

practice of “legalizing” the transport of fish suspected to 

carry genes of invasive species prohibited by laws and 

regulations poses a potential threat to natural ecosystems in 

destinations such as Yogyakarta. Furthermore, the absence 

of robust rules and regulations concerning the control and 

monitoring of invasive fish, coupled with a lack of punitive 

actions against violations, transforms each invasive fish 

keeper into a potential propagule, significantly increasing 

the risk of unintentional release (Achmad et al. 2020). 

As a competent authority tasked with controlling and 

preventing the trafficking of prohibited invasive fish, the 

Fish Quarantine Department must possess the capability to 

conduct identification with a maximum success rate. This 

proficiency is essential to prevent the escape of prohibited 

commodities and to provide assurance regarding the accuracy 

of certified products, thereby mitigating potential disputes 
in trade relations. Consequently, it is imperative to adopt 

appropriate, accurate, and continually updated identification 

methods. Incorporating genetics-based identification methods, 

such as DNA barcoding, immunology, and protein analysis, 

alongside the conventional routinely used methods is 

crucial. The precision of the identification results benefits 

service users by ensuring that fish, especially hybrids 

intended for certification, are not mistakenly identified as 

prohibited invasive species, and aligns with the 

precautionary principle of fish quarantine, which advocates 

postponing shipments if indications suggest the presence of 

prohibited fish until conclusive results are obtained. In 

addition, the accuracy of fish identification provides buyers 

with assurance by acting as a deterrent against fraudulent 

practices by sellers. 

In the present study, we successfully performed 

identification using molecular approaches in a noteworthy 
case involving Cichla fish. Specifically, we identified 

seven Cichla fish samples, and the molecular analysis 

results uniformly affirmed their classification as the species 

C. ocelaris (Table 2). C. ocelaris is an ornamental fish 

traded extensively in Yogyakarta and other regions. Based 

on our observations in the Bedog River, environmental 

conditions in river waters are ideal for developing cichlid 

fish species, including C. ocellaris (Table 1). These 

conditions correspond to the habitat of Cichla sp. in its 

natural habitat. In tropical regions like Indonesia, Cichla 

sp. can breed in temperature conditions of 23-28°C, at 

neutral pH up to 7.8, and live in aquatic with dissolved 

oxygen concentrations in the range of 5 mg/L (Espínola et 
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al. 2014; Franco et al. 2018). Noteworthy for its appealing 

traits, including distinct color patterns and vibrant orange 

anal fins, this species generates enthusiasm, making it a 

popular choice for fishing tourism. The presence of C. 

ocelaris in public waters is attributed to its exceptional 

adaptability and the potential release of fry from Cichla 

fishing areas. However, this raises concerns regarding the 

possible extinction of indigenous species in these waters. 

Before it evolves into an invasive species, introducing this 

fish demands earnest attention from all sectors of society. The 

results of this identification process serve as a foundation 

for formulating policies regarding the dissemination of 
introduced fish and other potentially invasive species. 

Ambiguities arising from species determination can be 

effectively resolved by implementing a combined approach 

involving morphological and molecular analyses, as 

exemplified by the present findings. 

The presence of introduced fish can be an indication 

that needs significant attention. Introduced fish should not 

be widely developed in public waters, such as rivers and 

lakes. This study identified fish species using both 

morphological and molecular approaches. The identified 

species, C. ocellaris, has successfully adapted to the Bedog 

River in Yogyakarta, raising concerns about its potential 

negative impacts on native fish populations. Water quality 

at this location is ideal for tropical fish, including cichlids, 

which were the focus of this study. Suitable habitat 

conditions, such as appropriate temperature, water quality, 

and depth, enable C. ocellaris to become invasive (Espínola 

et al. 2010). Despite its known potential impacts, the 
intentional release of this species into the wild for 

recreational or other purposes is common in tropical regions, 

including Indonesia, which have similar water conditions to 

the native habitat of (Willis et al. 2012, 2015). Several 

cases of fish introduction have been previously reported. In 

Lake Poso, Sulawesi, the cichlid fish Melanochromis auratus 

(Boulenger, 1897) grew and dominated the freshwater area. 

The fish was first reported in 2012 and has grown 

significantly in the waters of Lake Poso (Herder et al. 2022). 

Another report described a type of cichlid, Andinoacara 

rivulatus (Günther, 1860) found in the waters of the 

Brantas River (Serdiati et al. 2020). The C. ocellaris type 

was introduced to Malaysia in the 1990s and has even been 

released almost to spread in Peninsular Malaysia (Rahim et 

al. 2013). The C. ocellaris is a native of the South 

American fish species, which is a predatory fish and wide 

variety of prey, it can potentially be dangerous for the 
native fish in a particular location (Saba et al. 2020). The 

introduction of foreign fish into Indonesia has been around 

for quite a long time (Herder et al. 2022). Meanwhile, C. 

ocellaris in Indonesia has been identified as a potential 

ornamental and sport fish. Developments in fishing 

hobbyists state that many types of C. ocellaris have been 

found in the Sleman area, Yogyakarta (Achmad and 

Novianto 2019). 

Further research on the DNA sequences of non-native 

fish in Indonesia is required. Several studies have involved 

collaboration with foreign researchers who have reported 

the discovery of non-native fish species in public waters, 

such as rivers, lakes, and aquaculture commodities. However, 

releases in the wild cause many species to develop hybrids, 

which creates bias if identification is based only on color 

patterns and morphological characteristics. Research on the 

existence of potential hybrids in the Cichla genus has been 

conducted, and the distribution of these fish species is quite 

broad. Genetic distance analysis of C. ocelaris revealed 

distinctions from the outgroup O. mossambicus, with a 

recorded distance of 0.1659. Conversely, the closest affinities 

are observed with species within the same genus, particularly 

C. temensis (0.0000) and C. monoculus (0.0019). We posit 

the presence of a hybridization event between the C. 

ocellaris and C. temensis species, resulting in a zero 
genetic distance. However, those displaying a low genetic 

distance maintained only slight differences. The occurrence 

of hybridization in nature is plausible because of the shared 

genus of the two species, which facilitates natural or 

unprogrammed breeding. This process may occur during 

the joint maintenance of C. ocellaris and C. temensis within 

a single-rearing container by ornamental fish hobbyists. This 

is also the case with Oreochromis (Bbole et al. 2014;   

Deines et al. 2014) and Clarias (Duong et al. 2017, 2022) 

species in captivity and the wild. 

In the Asia-Pacific region, Cichla species are found in 

Malaysia, Indonesia, and Guam, with the dominant species 

being C. ocellaris (Sastraprawira et al. 2020a). In this study, 

morphological identification was performed by observing 

the fundamental pattern similarity on the lateral side, even 

though this species is very close to C. temensis based on 

the phylogenetic tree (Figure 5). In addition, the anal and 

ventral fins have a bright orange color that is quite striking, 
and can be used to differentiate from other fish species in 

this genus (De Campos et al. 2015). The findings for the 

introduced fish C. ocellaris in public waters should be 

applied to different types of introduced fish in Indonesia, 

which also pose a threat to local habitats. Our molecular 

identification results showed high similarity, based on 

genetic distance (Table 3), between C. ocellaris, C. temensis, 

and C. monoculus; therefore, morphological characteristics 

are also needed to identify the species. It is likely that C. 

ocellaris was introduced into Indonesia before the new 

regulations were implemented. However, C. monoculus are 

included on the list of fish that have been banned from 

entering Indonesia since 2014 based on the Indonesian 

Ministry of Marine Affairs and Fisheries Regulation 

Number 41/PERMEN-KP/2014 regarding the prohibition 

of the entry of dangerous fish species from abroad into the 

territory of the Republic of Indonesia. 
The documented presence of Arapaima gigas (Schinz, 

1822) (Fadjar et al. 2019) and Atractosteus spatula (Lacepède, 

1803) (Hasan et al. 2020)  in river waters in East Java, 

underscores the vulnerabilities inherent in the invasive fish 

contract system in Indonesia. These species, originally 

intended as ornamental fish, have been identified in various 

regions across Indonesia and pose significant threats to 

native fish populations. Consequently, they have been 

included in the lists of freshwater fish prohibited from 

entering Indonesia (Andriyono and Fitrani 2021). Through 

concerted efforts from all stakeholders, we aspire to 

increase the attention paid to research on invasive fish, 

leading to robust law enforcement mechanisms that effectively 
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prohibit the entry of potentially invasive fish species. Such 

measures are imperative for preserving biodiversity in 

Indonesia. The presence of C. ocellaris in the Bedog River 

of Yogyakarta provides evidence that non-native fish have 

been introduced into Indonesian waters. The negative 

impacts of C. ocellaris as an invasive species have been 

documented by several researchers (Pelicice and Agostinho 

2009; Vitule et al. 2012), and this issue warrants continued 

attention beyond the Yogyakarta area. This fish, which is 

widely distributed throughout Indonesia (Sastraprawira et 

al. 2020), is popular as an ornamental fish and a target for 

recreational fishing because of its attractive coloration in 
adulthood. However, in the juvenile stage, its color pattern 

does not differ significantly from other cichlid species, 

making morphological identification challenging. The 

molecular identification results from this study can 

supplement traditional identification methods. Additionally, 

the advantages of DNA barcoding can be leveraged to 

collect genetic information on genetic resources across 

various regions not only in the COI gene region, including 

Cytochrom-b (Cyt-b), control region and so on (Breman et 

al. 2016; Tadmor-Levi et al. 2022). DNA barcoding plays a 

crucial role, especially as traditional taxonomy becomes 

less popular among the current generation (Hubert and 

Hanner 2015). 

In conclusion, this study successfully identified seven 

samples of C. ocellaris from the Bedog River in Yogyakarta, 

confirming the presence of non-native fish with the 

potential to become invasive species. All the DNA sequences 

obtained in this study were submitted to GenBank. The 
need for regular monitoring of public waters in Indonesia is 

underscored by the distribution of introduced fish, particularly 

those with invasive potential. It is crucial to promote 

comprehensive studies on invasive fish in Indonesia, raise 

awareness to prevent their release into public waters, and 

mitigate their adverse impacts on society and Indigenous 

fish biodiversity in the country. 
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