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Javanese Medaka (Oryzias javanicus) in Malaysia: Two Decades of Scientific Progress and Its Role in Environmental Research


Abstract

This review consolidates findings from two decades of research on Javanese medaka (Oryzias javanicus) as model organisms in scientific studies conducted in Malaysia since 1998. The remarkable natural adaptations of Javanese medaka, including their tolerance to a broad range of salinity levels, render them ideal candidates for biological testing. The local distribution and abundance of Javanese medaka throughout the Indo-Malesia coastal water regions making them a competent organism to be used in environmental toxicology studies. The notable characteristics of Javanese medaka is their sensitivity towards changes in the environments which make them a good bio-monitoring agents in aquatic ecosystems. The toxicological effects of diverse chemicals can now be studied through various responses including behavioral, biochemical, and molecular biological responses. More than 20 years of studies on Javanese medaka in Malaysia have attributed to the expansion of knowledge on the capability of Javanese medaka as magnificent model organism in miscellaneous discipline of scientific studies.
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Introduction

Exploring novel avenues would be fascinating for researchers to contribute to more advance, recent knowledge, and findings in scientific ways. Apart from that, we can expand the existing ideas into innovative materials of study to be used for future research analysis. The curiosity and ability to explore beyond conventional paradigms would be able to bring us to new dimensions of scientific research. Ecotoxicological studies were driven by the growing awareness of the effects of anthropogenic pollutants on non-targeted organisms. Utilizing native and regional existing sources are the best solutions to address local and centered pollution issues in ecosystems. The responses of the inhabitants in the aquatic ecosystems can be bioindicators and biomonitoring agents of the water quality in those polluted areas. Therefore, in the environmental issues related to the quality of water and its surrounding environment, the native fish species, the Javanese medaka (Oryzias javanicus) within the regional areas can be used as the alternative to the world-established fish model organisms, such as zebrafish (Danio rerio) and Japanese medaka (Oryzias latipes). Javanese medaka may offer more relevant and region-specific data, particularly when investigating localized pollution challenges.

The Javanese medaka (Oryzias javanicus) is widely distributed in the coastal waters of the Indo-Malesia region, including India, Thailand, Malaysia, Singapore, Indonesia, and Western Borneo (Imai et al., 2005; Yusoff et al., 2012; Angel et al., 2019). The species was first documented as a new discovery within the tropical Asian Oryzias group by Roberts (1998) on the Indonesian island of Java. 

Since then, local scientists have made new searches and significant discoveries in understanding the biology and ecological roles of this magnificent tropical fish species. In fact, the Japanese scientists who have been experts in Japanese medaka also recognized the tropical Javanese medaka to be one of the new model organisms to test the effects of chemical toxicants on the aquatic organisms as mentioned by Koyama et al. (2007). These researchers highlighted Javanese medaka as an ideal candidate for marine ecotoxicology studies due to its sensitivity to toxicants, as evidenced by its low median lethal concentration (LC50). Furthermore, they emphasized the species' utility in both short-term toxicity testing and studies of early-life stages, as Javanese medaka reaches sexual maturity in approximately three months. Another study by Imai et al. (2007) also reported that Javanese medaka showed a good sign to be a bioindicator in hormonal studies of estrone on the full life cycle of Javanese medaka. The Javanese medaka used in this experiment has been maintained in the laboratory for four years, which proves this species of fish can be properly maintained and bred in the laboratory with proper techniques and equipment. 

The exposures of estrone were given from embryonic stages up to adult stages, and the results showed the fertility and egg number were significantly lower than the control; however, the hepatic vitellogenin concentration in males was higher compared to the control treatment. They conclude from the low level of estrone exposure of 39 ng/L and 198 ng/L that it will not affect the reproductivity of Javanese medaka (Imai et al., 2007). This finding proved that Javanese medaka can also give impressive responses towards chemicals as good as the established relative, the Japanese medaka (Oryzias latipes).
 According to Inoue and Takei (2003), there are several advantages to using general medaka as a highly effective model organism for environmental and biological research. The advantages of including their ease of maintenance in small aquaria due to their small size, males and females are easily distinguishable through their morphological structures, their high reproductive capacity under optimum photoperiods (i.e., daily eggs spawning), and their eggs are large and transparent (i.e., suitable for embryonic manipulation) facilitating various experimental procedures. Also, medaka has a short generation time, which is around two to three months, which makes it possible to obtain five generations of medaka in a year. A notable characteristic of the medaka, which is highly sensitive to chemicals or toxicants, ideal candidates for environmental risk assessments and toxicity testing of novel pollutants across various ecosystems. Generally, medaka fishes are available all year round and is an endemic species in Asia with wide distribution. The Javanese medaka (Oryzias javanicus), a member of this broader medaka group, is particularly remarkable due to its euryhaline nature, which allows it to tolerate a wide range of salinities, from hyperosmotic (high salinity) to brackish and hypoosmotic (freshwater) conditions. This species has demonstrated exceptional physiological flexibility in adapting to diverse aquatic environments (Inoue & Takei, 2002; Inoue & Takei, 2003; Takehana et al., 2020). A study on Javanese medakas’ adaptability to different salinities from different sites in Peninsular Malaysia was proved by Yusof et al. (2012). The salinity tolerances of Javanese medaka were reported to range from 6.1 ppt to 30.0 ppt, with an average of 18.0 ppt at five localities, including Kuala Gula, Kuala Sepetang, Bagan Lalang, Kuala Linggi, and Tanjung Piai.

Several local studies on the different effects of various chemicals on Javanese medaka have been conducted in Malaysia. Results revealed that Javanese medaka is a potential alternative test organism. A study by Ismail and Yusof (2011) showed the effects of heavy metals (mercury and cadmium) on early life stages of Javanese medaka. The finding has supported the notion that the sensitivity of Javanese medaka embryos is at an ideal level that can be used as test organisms to check for ecotoxicology in tropical regions. Developmental disorders or even death can be observed at low levels of exposure to cadmium and mercury (0.01-0.05 mg/L), while exposure to more than 1.0 mg/L of cadmium causes immediate developmental arrest. 

In another study, Yusof et al. (2014) assessed the effects of a glyphosate-based herbicide also on the early life stages of Javanese medaka. Glyphosate is an herbicide that is used globally and the results obtained using different concentrations of the glyphosate-based herbicide showed decreases in the survival rate and hatching percentages, as well as some morphological impairment such as cell disruptions in the fin, head, and abdomen. Also, the researchers hypothesized that the effects could be severed as the glyphosate concentration increases. Gonadal impairments in Javanese medaka can be observed through histological study from the exposure of metal mercury (Hg). 

A study by Abd Aziz et al. (2016), investigated the effects on ovary and testis on adults of Javanese medaka. The increases of mercury exposure cause the bioaccumulation in the body and the ovary showed increases amount of oocyte atresia and decreases of vitellogenesis. On the other hand, male Javanese medakas’ testis showed decreases in the progressive stages of spermatogenesis as observed from the histology analysis. 
Furthermore, an extensive study was conducted on the effects of water pH on the survival rate, reproductive performance, and ultrastructure of the gonads, gills, and skin of Javanese medaka. This study confirmed that neutral water with a pH of around 6-7 exhibited the lowest number of mortalities with the highest egg production and hatchability (Salleh et al., 2017). Examination of the histological structure of the gills and skin showed that they were not really affected under the neutral pH water. Collectively, these studies underscore the potential of Javanese medaka as a model organism for environmental research, particularly in assessing the impacts of pollutants on aquatic species. The species' sensitivity and tolerance to various environmental changes further support its suitability for use in environmental monitoring and toxicity testing.

The primary aim of this overview is to highlight the progressive efforts from local scientific to study on Javanese medaka as a model organism in environmental study and other diverse research fields in Malaysia. Additionally, this review seeks to identify existing knowledge gaps and provide recommendations for future studies to address these gaps, ultimately enhancing the understanding and application of this species in environmental science and other related field of study. 

Javanese medaka (Taxonomy, Habitat, and Morphology)

Javanese medaka is from the class Actinopterygii, which is also known as the ray-finned fish class because those in this class have fins that are made of webs of skin supported by horny spine rays. Its order, which is Beloniformes, means that the Javanese medaka is related to needle fishes, while the family Adrianichthyidae is the family for ricefish. The genus Oryzias comes from Greek etymology—oryza means rice, and this refers to the preferred habitat of this fish, which is the paddy field (Parenti, 2008). The natural habitats of Javanese medaka are ditches, canals, and ponds with a dense growth of aquatic plants. Javanese medaka swim in small groups close to the water surface at 2-10 cm depth. They are adaptable to a wide range of salinities (Inoue and Takei, 2003). According to Yusof et al. (2013), Javanese medaka can be found in estuaries away from the river mouth during high tide. Meanwhile, during low tide, they are trapped in brackish pools around mangrove areas near to the river mouth. They feed on crustaceans, insects, and protozoans. When under laboratory maintenance, their diet consisted of brine shrimp (Artemia salina) and microalgae.
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Figure 1. Adult size of Javanese medaka (Oryzias javanicus) (Bleeker, 1854) about 3cm - 4cm. Transparent body and silvery eyes, parallel lines from head along the spine are prominent traits for field identification. The other name recognized by locals are ‘ikan beras’, ‘ikan nenasi’, ‘ikan lampu’, ‘ikan seliding’ and many more (Yusof et al., 2013) (Photo by Amiera).

The size of an adult Javanese medaka is between 3-4 cm long (Figure 1). This species of medaka also has many prominent and obvious traits, such as transparent bodies with silvery eyes, lines at the dorsal part, and silvery lines parallel to the spine and posterior to the head (Yusof et al., 2013). The full life cycle of a Javanese medaka is only 100 days, starting from hatch to adult. This short life cycle makes it one of the best model organisms to be used for toxicological studies. The embryonic development of a Javanese medaka takes about 14-25 days from the hatching of an egg to a swimming embryo. Eggs of Javanese medaka are attached to a female’s abdomen in a clutch, and the production of eggs is closely related to the amount of protein sources such as brine shrimp.

The gender can be differentiated through its morphological structures (Figure 2). According to Imai et al. (2007), the branching at a Javanese medaka’s anal fin is a prominent morphological structure that differentiates a female from a male. Females have a soft array of anal fins without branches, while males have a branch at each of their lowest three rays of anal fin. Other morphological structures that can also be used to differentiate a female from a male are the dorsal fin and papillae. A female has a smooth margin of dorsal fin, while a male has a serrate margin of dorsal fin. A male has a soft papilla, while it is absent in a female.
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Figure 2. The illustration shows Oryzias javanicus (A) female, (B) male. Oryzias javanicus was captured from Phuket province, Peninsular Thailand. Bar indicates 5 mm (Magtoon and Termvidchakorn, 2009).    

Javanese medaka in Malaysia

In Malaysia, around 1998, local scientists began investigating the abundance and distribution of Javanese medaka in estuarine environments. Ismail (2011) conducted a mapping study of the distribution of Javanese medaka along the coast of Peninsula Malaysia, revealing a significant abundance on the west coast (Figure 3). This prevalence is attributed to relatively weaker ocean currents and tidal patterns in this region compared to the eastern coast, which is adjacent to the South China Sea. Javanese medaka typically inhabit shallow river margins where water currents are slower, as strong currents are less favorable for this small-bodied species. Within narrow streams, medaka are distributed throughout the water body but tend to occupy deeper regions and move away from areas of disturbance. An abundance of Javanese medaka can be found along the Peninsula’s west coast from Langkawi, Penang, Kuala Gula, Kapar, Bagan Lalang, and Kuala Linggi until the southern part of Peninsular Malaysia, including Tanjung Piai, Tanjung Langsat, and Sungai Rengit (Yusof et al., 2013). Some of the locations mapped showed the co-existence with Indian medaka (Oryzias dancena), who reported favoring the low-salinity environments compared to Javanese medaka to avoid the habitat conflict between the two species (Yusof et al., 2012).
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Notes: 
	Locations

	J1
	Langkawi
	J14
	Tanjung Langat

	J2
	Kuala Muda
	J15
	Sunagi Rengit

	J3
	Penang
	N1
	Pantai Cahaya Bulan

	J4
	Parit Buntar
	N2
	Pulau Perhentian

	J5
	Kuala Gula
	N3
	Besut

	J6
	Kual Sepetang
	N4
	Kuala Terengganu

	J7
	Kapar
	N5
	Marang

	J8
	Sungi Puluh
	N6
	Chukai

	J9
	Bagan Lalang
	N7
	Cherating

	J10
	Kuala Linggi
	N8
	Balok

	J11
	Kuala Sungai Baru
	N9
	Pekan

	J12
	Minyak Beku
	N10
	Sedeli 

	J13
	Tanjung Piai
	N11
	Desaru



Figure 3. Map of the distribution of Javanese medaka in Peninsular Malaysia (Ismail, 2011)


The activities of sampling, maintaining, culturing, and breeding of Javanese medaka in the laboratory have been done for the utilization of Javanese medaka as a test and model organism in toxicology studies. The laboratory-cultured Javanese medaka was required for toxicology studies to produce consistent and reliable data. These projects were led by Prof. Dr. Ahmad Ismail, whose field of expertise is in wildlife and ecotoxicology studies. The Javanese medaka mass culture laboratory was set up at the Department of Biology, Faculty of Science, Universiti Putra Malaysia (UPM) since 2000 and has been maintained until now. The teams of scientists from the Ecology and Ecotoxicology Laboratories, Genetics Laboratory, and Aquatic Laboratory are among the most active research teams with different fields of research studies that are exploring Javanese medaka. These aggressive scientific research projects related to Javanese medaka have been granted local and international research grants of almost RM 0.5 million for research of Javanese medaka as a new tool for environmental studies. Further, many students have graduated from undergraduate level to postgraduate level in Javanese medaka’s research field, proving the significance of these studies. Some of the student dissertations produced have been published by the UPM’s Sultan Abdul Samad Library and can be accessed by the public. Most of the dissertations are covered in the areas of study of ecology, ecotoxicology, fish pathology, and neurotoxicology involving the establishment of Javanese medaka as a test and model organism in the tropical regions (Table 1).

An earlier study by Dr. Khodadoust Daryoush in 2012 has contributed to the idea of Javanese medaka as a toxicology test organism in studies on heavy metals present in Malaysia’s estuarine areas. Later, in 2014, a doctoral thesis by Dr. Shahrizad Yusoff discussed the attempts to establish Javanese medaka as a model organism in the ecotoxicology field. The study has introduced Javanese medaka as a good model species to interpret the biochemical effects of pollutants in the Peninsular Malaysia ecology and environment. As of 2017, four dissertations on the organism have been completed and submitted for a master and doctoral degree qualifications (Table 1). This effort has been continued by the production of quality dissertations related to the Javanese medaka every year.

Scientific publications in Javanese medaka have been increasing since 2006 till recent (Figure 4). Expanding the knowledge regarding this test fish would make Javanese medaka an eminent model organism and national paragon in the Indo-Malesia tropical regions. The literature search was conducted and yielded 27 publications published between 2006 and 2020 in several different journals. The frequency of published papers showed an increasing trend by year (r² = 0.482), as did the number of authors involved in the Javanese medaka-related projects, as the linear regression lines showed the same trend (r² = 0.721) (Figure 5). The assessment on the distribution of Javanese medaka in the estuarine area in Malaysia has been published in the oldest Malaysian journals of nature, Malayan Nature Journal, in 2013. Some of the papers have been published in the high-impact journals with the intention that the Javanese medaka’s related studies and ideas would be highly noticeable and greatly received by other researchers to be considered in their field of works. 

Figure 4 Frequency of Javanese medaka’s papers based on the year of publication from 2006-2020.


Figure 5 The number of authors on the papers of Javanese medaka published from year 2006 to 2020 with linear regression lines.  

The field of study involved in the research related to Javanese medaka has been summarized in Table 2. Ecology study on Javanese medaka covered the investigation on the well distribution, abundance, and the ecological parameters as the crucial information needed in the culturing of Javanese medaka in the laboratory. Almost 50% of the published papers are in the ecotoxicology field, proving the extensive studies have been done to highlight the uniqueness of Javanese medaka as a reliable model organism. Ecotoxicology studies undertaken have involved the different life stages of Javanese medaka, ranging from spawning until adult. Observations were performed on the hatchling rates. The existing studies focused on the toxicities of the biocides, including glyphosate, zinc pyrithione, copper pyrithione, diuron, and 3,4-dichloroaniline (3,4-DCA) (Ismail & Yusof, 2011; Yusof et al., 2014; Abd Aziz et al., 2017; Mohamat-Yusoff et al., 2018; Kamarudin et al., 2019; Ibrahim et al., 2020). Apart from that, the fish pathology field also supports the idea of the Javanese medaka as a model organism in fish bacterial studies as well as the neurotoxicology field of study, which embraced the recommendation to strengthen the Javanese medaka scientific documentation in Javanese medaka’s behavioral studies (Amal et al., 2017; Amal et al., 2019; Ramlan et al., 2020). 
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Table 1 The titles’ dissertations of postgraduate students based on Javanese medaka related-projects on different field of studies.     
	Dissertation titles
	Year   
	Students
	Supervisors
	Affiliation 
	References 

	Wild java medaka fish (Oryzias javanicus bleeker) as a tool for toxicological test of heavy metals in estuarine areas in Malaysia
	2012
	Dr. Khodadoust, Daryoush
	Prof. Dr. Ahmad Ismail
	Department of Biology, Faculty of Science, Universiti Putra Malaysia (UPM).
	(Khodadoust, 2012)

	Establishment of Javanese medaka (Oryzias javanicus, Bleeker 1854) as Test Organism for Ecotoxicological Studies in Tropical Region
	2014
	Dr. Shahrizad Yusof
	Prof. Dr. Ahmad Ismail
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Yusof, 2014)

	Ecotoxicity Assessment of Antifouling Biocide, Zinc Pyrithione on the Javanese medaka (Oryzias javanicus, Bleeker 1854)
	2017
	Dr. Fatin Zahidah Abd Aziz
	Dr. Syaizwan Zahmir Zulkifli
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Abd Aziz, 2017)

	Lethal dose, clinical signs, pathological changes and disease development of Streptococcus agalactiae following intraperitoneal exposure to Javanese medaka (Oryzias javanicus, Bleeker 1854)
	2017
	Siti Suhaiba binti Mastor 
	Prof. Madya Dr. Mohammad Noor Amal Azmai
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Mastor, 2017)

	Comparison of Javanese medaka (Oryzias javanicus, Bleeker, 1854) and zebrafish (Danio rerio, Hamilton, 1822) as a model organism for neurotoxicological study
	2017
	Nurul Farhana Ramlan
	Dr. Wan Norhamidah Wan Ibrahim
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Ramlan, 2017)

	Neuroprotective Antioxidant-Based Therapeutic Properties of Malaysian Medical Plants in Javanese medaka (Oryzias javanicus, Bleeker 1854)
	2017
	Hassan Maina Ibrahim 
	Dr. Syahida Ahmad 
	Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, (UPM).
	(Ibrahim, 2017)

	Effects of Sublethal Exposure of Diuron on Adults of Javanese Medaka (Oryzias javanicus, Bleeker 1854) Determined Using Histopathology and Immunochemistry Techniques
	2019
	Nur Amiera Kamarudin
	Dr. Syaizwan Zahmir Zulkifli
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Kamarudin, 2019)

	Effects of Diuron and 3,4- Dichloroaniline (3,4- DCA) on Early Life Stages of Developments of Javanese Medaka (Oryzias javanicus, Bleeker 1854)  
	2021
	Musa Adamu Ibrahim 
	Dr. Syaizwan Zahmir Zulkifli
	Department of Biology, Faculty of Science, Universiti Putra Malaysia, (UPM).
	(Ibrahim, 2021)











Table 2 The field of study involved and the ecological variables/ summary included in the Javanese medaka scientific publications.  
	Field of Study
	Ecological Variables/Summary
	Corresponding Authors
	References

	Ecology 
	Pollution of estrogens;
In vitro bioassay
	Prof. Dr. Jiro Koyama
	(Koyama et al., 2006)

	
	Assessments of heavy metals (Cu and Zn);
	Prof. Dr. Ahmad Ismail
	(Yap et al., 2009)

	
	Distribution; 
Ecological parameters 
	Prof. Dr. Ahmad Ismail
	(Yusof et al., 2012)

	
	Assessment of heavy metal (Cd & Cu)
	Prof. Dr. Ahmad Ismail
	(Khodadoust et al., 2012)

	
	Distribution and abundance;
	Prof. Dr. Ahmad Ismail
	(Yusof et al., 2013)

	
	Distribution; 
Ecological parameters 
	Prof. Dr. Ahmad Ismail
	(Ismail et al., 2015)

	Ecotoxicology 
	Developments of embryos; Exposure to heavy metal (Hg and Cd)
	Prof. Dr. Ahmad Ismail
	(Ismail & Yusof, 2011)

	
	Exposure to heavy metal (Zn)
	Prof. Dr. Ahmad Ismail
	(Khodadoust & Ismail, 2012)

	
	Exposure to heavy metal (Cd)
	Prof. Dr. Ahmad Ismail
	(Khodadoust et al., 2013)

	
	Developments of embryos; Exposure to glyphosate-based herbicide 
	Prof. Dr. Ahmad Ismail
	(Yusof et al., 2014)

	
	Exposure to heavy metal (Cd); 
Histopathology of organs (Gills, Muscles, Livers); 
MT protein
	Prof. Dr. Ahmad Ismail
	(Khodadoust et al., 2014)

	 
	Exposure to heavy metal (Hg);
Histopathology of organs (Gonads)
	Dr. Syaizwan Zahmir Zulkifli
	(Abd Aziz et al., 2017)

	
	Ecological parameters (pH)
Reproductive;
Histopathology of organs (Gonads, Gills, Skin);
	Assoc. Prof. Dr. Mohammad Noor Amal Azmai
	(Salleh et al., 2017)

	
	Exposure to biocide (CuPt);
Fish behaviour;
	Dr. Ferdaus Mohamat-Yusuff
	(Mohamat-Yusuff et al., 2018)

	
	Exposure to heavy metal (Zn); 
Histopathological changes (Gills, Muscles, Visceral organs); 
MT protein
	Prof. Dr. Ahmad Ismail
	(Khodadoust & Ismail, 2018)

	
	Exposure to biocide (Diuron);
Histopathological changes (Liver, Kidney)
	Dr. Syaizwan Zahmir Zulkifli
	(Kamarudin et al., 2019)

	
	Exposure to biocide (Diuron);
Histopathological changes (Gonads);
	Dr. Syaizwan Zahmir Zulkifli
	(Kamarudin et al., 2020)

	
	Development and Growth;
Exposure to biocide (Diuron)
	Dr. Syaizwan Zahmir Zulkifli
	(Ibrahim et al., 2020)

	
	Development and Growth;
Exposure to biocide (3,4-dichloroaniline (3,4-DCA))
	Dr. Syaizwan Zahmir Zulkifli
	(Ibrahim et al., 2020)

	Neurotoxicology
	Neurotoxic effects of ethanol and endosulfan;
Biochemical changes in brain (lipids, protein,glycogens and nuclei acids)
	Dr. Wan Norhamidah Wan Ibrahim
	(Ramlan et al., 2020)

	
	Toxicity studies and evaluation of anticholinesterase activities;
Phytochemical study
	Prof. Madya Dr. Syahida Ahmad 
	(Ibrahim et al., 2020)

	Fish Pathology 
	Susceptibility towards infection of Streptococcus agalactiae;
Histopathological changes
	Assoc. Prof. Dr. Mohammad Noor Amal Azmai
	(Amal et al., 2018)

	
	Bacterial diseases study of aeromoniasis and vibriosis;
The clinical signs, gross lesions, and Histopathological changes; 
	Assoc. Prof. Dr. Mohammad Noor Amal Azmai
	(Amal et al., 2019)

	
	Streptococcosis development study;
Clinico-pathological changes;
Histopathological changes
	Assoc. Prof. Dr. Mohammad Noor Amal Azmai
	(Amal et al., 2019)






The collaboration with expert researchers from Japan enhances the recognition of Javanese medaka (Oryzias javanicus) as a prominent model organism in tropical regions. A significant study published in 2006 by Prof. Dr. Jiro Koyama, in collaboration with Prof. Dr. Ahmad Ismail, investigated the environmental toxicology of estrogen hormones in river and estuarine waters in Malaysia (Koyama et al., 2006). This collaboration extended to a subsequent study on heavy metals in Javanese medaka and sediment samples along the west coast of Peninsular Malaysia, as reported by Yap et al. (2009). Ongoing support among researchers is essential for advancing scientific research initiatives. To promote the use of Javanese medaka, a series of local and international symposiums, conferences, and seminars have been organized since 2007. Malaysia has consistently participated in the International Symposium of Oryzias Fish (ISOF), held biennially since 2007 in Thailand, organized in collaboration with Prof. Dr. Wichian Magtoon from Srinakharinwirot University, Thailand, and researchers from Japan. In 2011, Malaysia had the distinction of hosting the third ISOF, with the theme “An Important Tool for Molecular Biology to Environmental Sciences.” Subsequent participation occurred in 2013 in Makassar, Indonesia, and in Thailand in 2015. In 2019, Malaysia again served as the host for the symposium, which took place on August 23 at Colmar Tropicale, Bukit Tinggi, Pahang, Malaysia.

Such gatherings among scientists offer significant benefits, as they facilitate the exchange and dissemination of the latest research findings, information and data related to various aspects of the biogeography, evolution, and adaptive strategies of Oryzias javanicus (Javanese medaka) across different scientific disciplines. These conferences and seminars represent collaborative efforts among prominent researchers and institutions, including: Prof. Dr. Koji Inoue and Prof. Dr. Masaru Nonaka from the University of Tokyo; Prof. Dr. Kiyoshi Naruse from the National Institute for Basic Biology, Japan; Prof. Dr. Masato Kinoshita from Kyoto University, Japan; Prof. Dr. Satoshi Hamaguchi, formerly of Niigata University; and Assoc. Prof. Dr. Yusuke Takehana from the Nagahama Institute of Bio-Science and Technology, Japan. Additional international partners include the Vietnam Academy of Science and Technology (VAST). Collaborators from Indonesia, such as Prof. Dr. Zainal Ariffin from the Indonesian Institute of Sciences (LIPI) and Dr. Irma Andriani from Universitas Hasanuddin, also contribute significantly to the Javanese medaka research.

Local seminars have been organized under the leadership and guidance of Prof. Dr. Ahmad Ismail and his team, highlighting the importance of the Javanese medaka as a native species in Malaysia, which could serve as a viable and efficient test organism for genetics, ecological and toxicological studies. The Seminar Ekologi Malaysia (Malaysia Ecological Seminar), held annually by the Malaysian Ecological Society since 2015, has been a key venue for presenting studies on Javanese medaka, with the aim of sharing new insights, fostering scientific discussions, and promoting future collaborations in this field.

Future Research Directions

The Javanese medaka (Oryzias javanicus) has emerged as a promising new test and model organism in Malaysia, serving as an alternative to established test and model organisms. This effort is commendable, as native species that occupy local tropical areas can be fully utilized for research purposes. Its unique characteristic as a euryhaline species, which can tolerate wide ranges of salinity from freshwater to brackish water to saline water, has made it suitable for assessing the impact of pollutants and toxicants across diverse aquatic environments, from freshwater to marine ecosystems.

Additionally, the other morphological characteristics exhibited by this species are in parallel with established model fish or maybe even better with its transparent body structures. Therefore, some efforts are needed from the local researchers to establish proper guidelines and breeding protocols for this species to be maintained in the laboratory without needing any supply from the wild environment in Malaysia. Samples taken from the wild may give different results and findings compared to the Javanese medaka bred in the laboratory, as their tolerance levels towards toxic chemicals might be different. While initial maintenance guidelines have been established, but further studies are needed to refine these protocols and document the optimal conditions for breeding, maintaining, and using Javanese medaka in future research. This will ensure consistency and reliability in experimental results. Also, future studies may use other life stages of the Javanese medaka to observe the effects of toxicity on their hatchability and other parameters. This review has identified knowledge gaps in Javanese medaka’s multidisciplinary studies. Notably, only 22% of the published studies have incorporated ecological variables, and fewer than 10% have been presented at scientific conferences.
Studies on the genome sequence of the Javanese medaka could provide life-history information on the genomes’ evolution, and this investigation could be helpful for future projects that use the Javanese medaka (Takehana et al., (2003); Shima & Mitani, (2004); Takehana et al., (2020); Myosho et al. (2021); Rusni et al. (2022). Splendid efforts of using the Javanese medaka in toxicology and ecotoxicology should be praised and continued in the future, such as through investigations on the localized river and marine pollution in Malaysia. Active participation in both local and international scientific conferences will further elevate Javanese medaka as a model organism on the global stage. Collaboration with researchers from diverse fields and institutions will broaden perspectives on its utility in various scientific domains. Introduction and promotion of the Javanese medaka as a native species to Malaysia should start from the primary and secondary education levels in Malaysia through the Science, Technology, Engineering, and Mathematics (STEM) program so that the effect would be more impactful and foster greater awareness and appreciation in the future. Such initiatives will have a long-term impact, helping to cultivate the next generation of researchers interested in this valuable native species.
Collectively, future researchers can further utilize the Javanese medaka in wide range of disciplines, including developmental biology, evolutionary and ecological genetics, molecular biology, behavioral biology, ecology, toxicology, teratology, and environmental sciences. Ultimately, these present and future-related studies could contribute to strengthening the documentary evidence on Javanese medaka as the sentinel model and test organism for aquatic environmental studies conducted in the tropical areas of the Indo-Malesia regions especially in Malaysia.
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