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“Alam Takambang Jadi Guru”

[Nature be a teacher]

A philosophy that has long been one of the teachings and guidelines of the
Minangkabau people. So, the definition literally means that all elements that exist
in this vast nature can be used as guidelines for life and can become knowledge.
All phenomena that occur in nature can be taken as lessons both in terms of
philosophy and as principles that are closely related to social life.



SUMMARY

SURYA GENTHA AKMAL. Aquatic Invasive Species and Related Impacts on
Native Biota in Indonesia. This research is under supervised by JIRI PATOKA

The research on aquatic invasive species and how they are impacting
Indonesian native biota has revealed the serious ramifications that the introduction
of invasive species has on Indonesian freshwater and marine ecosystems. This study
highlighted the escalating problems caused by invasive species, in terms of both
biodiversity and the entire ecosystem.

This research has shown the aquatic invasive species introduced into
Indonesian waters can successfully compete with indigenous biota for limited
resources. They commonly have strong competitive advantages allowing them to
spread out rapidly and occupy habitats that were previously inhabited by native
species. In some cases, the invasive species can completely replace indigenous
species, resulting in a dramatic decrease in biodiversity.

The research also brings to the attention the importance of invasive species
control and prevention efforts. With meticulous research and monitoring efforts, it
is possible for scientists to identify new invasive species entering Indonesian waters
and take necessary actions to prevent their spread. The controlling of existing
invasive species is also necessary to reduce their impact on native biota and
ecosystems.

Overall, the study on aquatic invasive species and their impacts on Indonesian
native biota highlights the significance of raising consciousness and protecting the
biodiversity of Indonesian waters. The conservation, surveillance and controlling
of invasive species should be improved to protect indigenous species and ensure

the ecosystem balance in Indonesian waters.
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1. INTRODUCTION
1.1 Background

The introduction of aquatic invasive species is the starting point for the main
cause of biodiversity loss (Williams-Subiza and Epele, 2021). Invasive alien
species whose presence and spread are environmentally, economically, and human
health damaging (Akmal et al., 2021; Pimentel, 2011; Williams-Subiza and Epele,
2021). Indonesia is rich in biodiversity, Wallace noticed a sharp divide in the
distribution of animals in the Indonesian archipelago (Fig. 1) (Brewer, 2022). Based
on data from the Ministry of Maritime Affairs and Fisheries, there are at least 4,720

species of both marine and freshwater fish in Indonesia.
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Figure 1 The original drawing of the Wallace Line; the division between Asian

and Australasian animals and plants (Brewer, 2022).

Aquatic ecosystems in Indonesia are adaptive for both native and non-native
organisms (Patoka et al., 2016b). Invasive species are known to have serious
impacts on biodiversity (McNeely, 2001). Naturally, the movement of organisms is
isolated by nature thus forming a unique diversity. Natural isolation in the form of
oceans, rivers, deserts and mountains limits the distribution of organisms in
ecosystem areas. International trade and the global movement of livestock, wildlife

and animal products are enormous and cross the natural borders (Févre et al., 2006).



Thus, the increased risk of biological invasion is a consequence of globalization
(Meyerson and Mooney, 2007). Several invasive species are known to pose serious
threats to native biota and have profound impacts on entire ecosystem via
suppressed growth, pathogen transmission, competition, hybridization, habitat
alteration, and prey on native species (Peeler and Taylor, 2011; Strauss et al., 2012;
Torchin et al., 2003).

Invasive species cause environmental and socio-economic losses throughout the
world (Pimentel, 2011). The spread of invasive species has recently increased in
aquatic ecosystems in Indonesia both in vertebrates (Markova et al., 2020;
Muchlisin, 2012; Patoka et al., 2020) and invertebrates (Marwoto et al., 2018; Putra
et al.,, 2018). The increase in invasive species can sometimes be economically
beneficial, but it is also necessary to consider and predict the impact of the
introduction on aquatic ecosystems (Yonvitner et al., 2020a). The existence of new
species complicate the management of fish stocks and biodiversity conservation in
invaded waters also because the current legislative regulations are ineffective in
many cases (Patoka et al., 2018).The decline in freshwater biodiversity due to
species invasion is one form of ecological losses. Early prevention can be done by
monitoring the spread of alien species so that their invasion can be controlled in the
environment. Early and accurate detection is an effective strategy to control the

ecological impacts of species that enter (Mehta et al., 2007).

1.2 Research objectives and scientific hypotheses

The primary objective of this research was to describe alternatives to
management to mitigate the effects of non-native invasive species, including
preventive, control, and eradication strategies as well as taking socioeconomic
effects into account for each management strategy. Thus, it can provide
recommendations for policy development and management actions that are
effective and sustainable, including monitoring, research, and public education. To
achieve these main objectives, there are several steps of research that need to be
carried out and become the specific objectives of this research, i.e.:

a. To determine the invasive species present in Indonesian aquatic

environments and evaluate the likelihood of their spread.



To assess the impact of invasive species on native biota, including
alterations to community structure, ecosystem function, and natural
characteristics.

To evaluate factors affecting species invasions and their impacts, such as
environmental conditions, biological characteristics of invasive species, and

interactions with other species.

The hypotheses used in this research are:

Ho = The number of invasive species in Indonesia is not increasing.

Hi = The number of invasive species in Indonesia is increasing.

H> = Education of general public in case of risks related to release of non-native

species is poor.

1.3 Benefit of research

The purpose of this research is to provide the following advantages:

a.

To know about the types of invasive species and their impact on native biota
in certain waters so that effective and appropriate control efforts can be
implemented.

To increase the understanding on species invasion process and the factors
that contribute to it, so more effective strategies for prevention can be
improved.

To provide useful information regarding cost-effective and sustainable
management approaches to mitigate the consequences of non-native
invasive species, which can help to minimize both economical and
ecological losses.

To increase the community's awareness regarding the importance of
protecting biodiversity and healthy aquatic ecosystems.

To provide advice and recommendations for policy development and better
management actions regarding the mitigation of invasive species and the
conservation of indigenous biota.

To expand insights and scientific knowledge on species invasions and their

impacts on aquatic ecosystems, which can be the basis for further



investigations and developing innovative methods and technologies to

manage species invasions.

1.4 Research framework

One of the most important ecosystems for the survival of human beings and
other biota is the aquatic ecosystem. However, the waters are frequently targeted
by invasive species which can negatively impact on biodiversity and ecosystem
health (Alidoost Salimi et al., 2021). Aquatic Invasive Species are introduced
species that originate from other ecosystems and then spread to other waters,
harming the surrounding environment and affecting the indigenous biota.

The occurrence of Aquatic Invasive Species can affect aquatic ecosystems in
multiple ways. They may compete with indigenous biota for resources such as
nourishment and habitat, affect nutrient availability, and also introduce new
diseases or parasites (Gallardo et al., 2016; Hassan and Nawchoo, 2020a; Havel et
al., 2015). Consequently, the spreading of Aquatic Invasive Species may lead to a
reduction in populations of native biota, decreasing biodiversity and interfering
with the functionality of aquatic ecosystems (Hassan and Nawchoo, 2020a; Thomaz
et al., 2015).Therefore, it is important to understand and solve the issues related to
the invasion of species and their impacts on native biota in a certain water body. If
we understand the varieties of Aquatic Invasive Species present in certain waters
and how they might be interacting with native biota, it is possible to implement
appropriate and effective management to reduce the negative consequences of
Aquatic Invasive Species on aquatic ecosystems and indigenous biota (Vander
Zanden and Olden, 2008).

Moreover, the importance of species invasion research is to understand the
factors that impact species invasion, such as climate, geography and human
activities. Through understanding these factors, it is feasible to develop more
effective prevention strategies to discourage the introduction of Aquatic Invasive
Species (Heilman, 2014). It will provide recommendations for policy development
and effective and sustainable management actions, including monitoring, research,

and public education.



2. LITERATURE REVIEW

2.1 Definition and characteristics of Aquatic Invasive Species

Aquatic invasive species is a species that introduces into a new aquatic or
aquatic environment and has the possibility to spread and have negative impacts on
the environment (Havel et al., 2015; Kovalenko et al., 2021a), including on the
indigenous biota inhabiting it, these species can originate from different regions or
countries and then spread to a new area, either by human activities or naturally
occurring pathways (Baker et al., 2022; Lodge et al., 2006; Mooney and Cleland,
2001; Wilson, 2010).

The general characteristics of aquatic invasive species are quick and highly
adaptable reproduction, and the possibility of altering the environment in which
they occur through physically or biochemically modifying it, thereby inhibiting the
establishment of native species and damaging ecosystems (Thomaz et al., 2015).
Some characteristics which make them potentially a significant threat to the
viability of aquatic ecosystems include (Rafferty, 2023):

a. Rapidly growing and reproducing species that are highly adaptable to new

environments.

b. The species capable of competing with indigenous species in the same
waters can replace the indigenous species and reduce biodiversity.

c. The species is capable of efficiently exploiting the resources of the water
body, thus causing resource competition between the alien species and the
native species in the same water body.

d. Easily dispersed species that occupy a large range of aquatic habitats, both
the deepest and the shallowest, as well as exploiting a variety of substrate

types throughout the waters they inhabit.

2.2 Habitat and environment of Aquatic Invasive Species

The increasing intensity of global trade and transportation systems has led to an
increase in the introduction of non-native species in Indonesia (Nijman et al., 2022a,
2021). The introduction of non-native aquatic species is one of the activities that
originated from human activities and has impacts that are not predictable (Ju et al.,

2020; Tarkan et al., 2021). The development of recreational fisheries and



aquaculture activities has a significant effect on the spread of alien fish (Cambray,
2003; Davis and Darling, 2017; Haubrock et al., 2022; Lauber et al., 2020; Smith
et al., 2020).

Non-native species can potentially become invasive and cause ecological
disasters such as extinction of native species and ecosystem imbalance (Manchester
and Bullock, 2000). One of the impacts that can occur is the disruption of fish
community structure and changes in ecosystem food webs (Durante et al., 2022; He
et al., 2021). Biomass changes of the community structure will show the impact of
alien species on the ecosystem balance (Hedianto & Purnamaningtyas 2011). The
study of non-native species is part of the management of alien species. This is
important because the sooner management occurs, the more easily it can be
anticipated the impacts of alien species in an ecosystem (Wittenberg & Cock 2001,
Koehn & MacKenzie 2004).

The impacts of invasive aquatic species can also be felt economically (Akmal
et al., 2021; Cuthbert et al., 2021). They can be devastating to fishing and
aquaculture industries, impair water quality, damage infrastructure such as
irrigation canals or hydropower installations, and disrupt the tourism and recreation
sectors associated with waterways (Lin et al., 2022). The control of invasive aquatic
species is a challenging endeavor. Several methods of control include monitoring
and early detection, removal of invasive species from infested habitats, use of
natural predators, trapping, and selective use of chemicals (Rafferty, 2023).

Prevention is also an important aspect of invasive aquatic species control.
Through strict regulations on the trade and transportation of invasive species, as
well as public awareness and education campaigns, it is possible to reduce the risk
of invasive species introducing into aquatic habitats (Heilman, 2014; Sulpizio,
2020). Ongoing studies and research on aquatic invasive species are important to
fully comprehending their impacts, enhancing control methods, and developing
effective protection strategies for aquatic ecosystems.

Cooperation between the government, research institutes, universities,
businesses and communities is crucial in dealing with the problem of invasive
aquatic species. It is only through concerted efforts, strict supervision, and

appropriate control measures that we can protect aquatic habitats and environments



from invasive species invasion and maintain the biodiversity that is essential to

ecosystems and the balance of nature.

2.3 Impact of Aquatic Invasive Species in the ecosystem

As the trade of living aquatic products, both animals and plants, is increasingly
dynamic between countries and between areas within the country, the introduction
of various types of aquatic species in the destination area has proven to pose a
significant threat to the sustainability of the local ecosystem (Garcia-Berthou et al.,
2005). The introduction of exotic aquatic species is generally dominated by the
trade of aquatic products, ornamental fish trade, fish restocking, including the
introduction and rearing of new aquatic animal species at fishing sites, which has
become a worldwide trend and Indonesia is no exception (Muchlisin, 2012;
Yanuarita et al., 2020). Various fishing locations that offered the sensation of
hunting monster/predator fish became a new business field and stimulated people
to develop the same thing in various places.

Some invasive species can be effective predators of indigenous species
(Doherty et al., 2016; Rafferty, 2023). They may lack natural predators in their new
environments, so they can prey on indigenous species with high success and
reduced abundances and diversity of native species (Hejda et al., 2009; Mooney and
Cleland, 2001). Aquatic ecosystems' habitat structure and species composition may
be impacted by invasive aquatic species. As an example, they could modify the
structure of aquatic plants or their density on the water’s substrate (Gallardo et al.,
2016; Mayfield et al., 2021). Such alterations may have an impact on both
organisms that rely on specific habitat structures and biodiversity (Astegiano et al.,
2015; Decena et al., 2020; Dennis, 2018; Jackson and Fahrig, 2013; Pinho et al.,
2020). The movement of energy and nutrients in the ecosystem can be hampered
by the introduction of invasive aquatic species into the food chain. They have the
power to alter the food cycle and the structure of interdependence among organisms
in the food chain (Gallardo et al., 2016; Hassan and Nawchoo, 2020b; Havel et al.,
2015).

Aquatic invasive species can have a variety of negative effects on native species'

the ability to reproduce and chances of surviving (Havel et al., 2015). They might



feed on eggs, larvae, or juveniles, which could decrease the likelihood of the
following generation surviving (Mayfield et al., 2021). Some aquatic invasive
species have the potential to spread pathogens or parasites that can harm native
species (Foster et al., 2021). The spread of these diseases may have a detrimental
effect on the numbers of indigenous species and the stability of the ecosystem.
Although invasive aquatic species are frequently seen as threats, they can fill
deficiencies or add new advantages to ecosystems (Havel et al., 2015; Katsanevakis
et al., 2014; Kovalenko et al., 2021b). For example, they can act as predators that
help control populations of other potentially harmful organisms. Invasive aquatic
species can also affect nutrient cycling in aquatic ecosystems (Vanni, 2021). They
can alter the composition of nutrients in the water or change the process of
decomposing organic matter (Capps and Flecker, 2013; Jo et al., 2017). This can
affect water quality and affect other organisms in the ecosystem that depend on a
balanced nutrient cycle.

On the other hand, aquatic invasive species can also provide a new food
resource for other organisms in the ecosystem (Havel et al., 2015). Some invasive
species may become abundant prey for indigenous predators or become an
alternative food supply when native species are declining in population. Although
rare, there is also the possibility of invasive species forming symbiotic relationships
with native organisms in the ecosystem (Linders et al., 2019). This can involve a
relationship of mutualism, where both species mutually benefit each other (Prior et
al., 2015), or a relationship of parasitism (Yuan and Li, 2022), where the invasive
species benefits and the native organisms are harmed (Drew et al., 2021). It is
important to note that although aquatic invasive species can have complex roles in
ecosystems, the negative impacts they have on native species and ecosystems as a
whole often outweigh the benefits they provide (Havel et al., 2015; Thomaz et al.,
2015). Therefore, efforts to control and prevent the invasion of invasive species are

essential to protect the biodiversity and balance of aquatic ecosystems.

2.4 Distribution and dispersal of aquatic invasive species
Aquatic invasive species spread and dispersal refers to the way an invasive

species spreads from its native habitat to a new aquatic environment (Jones et al.,



2021; Sulpizio, 2020). The spread of invasive species can occur through various
mechanisms and factors. One of the main factors in the spread of aquatic invasive
species is human transportation (Ascensdo and Capinha, 2017; Hulme, 2009;
Yuliana et al., 2021). Invasive species can spread through ships, boats, or other
means of transportation used to transport goods or people between waters (Hulme,
2009; Rothlisberger et al., 2010). Eggs, larvae or adults of invasive species may
attach to the exterior of the vessel or transportation device and then be released into
a new environment when the vessel or device is used in other waters (Rothlisberger
et al., 2010). This is especially true when rivers or waterways connect different
ecosystems or when floods carry invasive species from one region to another.

Environmental changes such as climate change, changes in water temperature,
deterioration in water quality or changes in habitat can also affect the distribution
and spread of aquatic invasive species (Sulpizio, 2020). Environmental changes can
create more favorable conditions for invasive species to survive and reproduce in
new environments (Hanley and Roberts, 2019; Havel et al., 2015). For example,
increased water temperatures caused by climate change can allow invasive species
from warmer regions to invade waters that were previously too cold for them
(IUCN, 2021; NISAW, 2021).

Human activities such as the introduction of invasive species for fishing,
aquarium or aquaculture purposes can also lead to the dispersal of aquatic invasive
species (Giovos et al., 2019). When invasive species are introduced to new
environments by humans, they can quickly spread and settle in waters that were
previously inaccessible to them. The high adaptability and reproductive ability of
invasive species also affect their spread. Invasive species often have the ability to
adapt to a wide range of environmental conditions and have high reproductive rates
(Cleeland et al., 2020; Deacon et al., 2011; Tiebre et al., 2007; Whitney and Gabler,
2008). This allows them to quickly populate and dominate the environment.

Biological control is the intentional manipulation of natural enemies by humans
for the purpose of controlling pests and reducing the population of the prey. This
method targets the invasive species and can involve different organisms, such as
insects, mites, nematodes, and pathogens (USDA, n.d.). Introduction of biological

control agents, which are usually nonindigenous themselves, is a common



management response to disease or pest outbreaks. Breadth of impact of biological
control agents is one of the primary criteria used to evaluate and rank the risks that
control agents pose to nontarget organisms (Ewel et al., 1999).

Beginning in the mid-1980s, Indonesia introduced integrated pest management
(IPM) as a new crop management approach (Thorburn, 2015; Wiyono, 2020). The
Indonesian IPM program is an example of a large-scale participatory approach to
the management of complex pest problems. The program is best known for
introducing the innovative farmer field school model of agroecosystem-based
experiential learning. IPM can be a sustainable approach to pest management, but
it requires careful consideration of the ecological and economic factors involved
(FAO, 2019).

It is important to note that while pest control can introduce pests, it can also be
used to prevent their introduction. IPM, for example, can be used to manage pests

in a sustainable way and prevent the introduction of exotic pests (Wiyono, 2020).

2.5 Management efforts for aquatic invasive species

In an effort to manage aquatic invasive species, prevention and control
measures are essential. Prevention efforts involve strict oversight of human
transportation, such as vessel inspections and effective water ballast management
(Ascensao and Capinha, 2017; Giovos et al., 2019; Rothlisberger et al., 2010).
Public awareness campaigns can also help prevent the spread of invasive species
by increasing understanding of their negative impacts (Tricarico, 2022).

Aquatic invasive species control can involve actions such as population
monitoring, culling and removal of invasive species (Giovos et al., 2019). The
control methods used may vary depending on the species involved and the
environment affected. A few control methods include the use of naturally occurring
predators, application of insecticides and herbicides, commercial fishing, and using
mechanical methods such as trimming or trapping (Kovalenko et al., 2021a;
Thomaz et al., 2015).

It is important that effective management of aquatic invasive species requires
cooperation between authorities, scientists, stakeholders, and the general public.

Attempts made to reduce the distribution of invasive species and recover

10



ecosystems affected by these invasions are imperative to preserve the ecological

balance and sustainability of water resources.

2.6 Regulations and policies in Indonesia

The concern of the government in preventing the spread of invasive and harmful
aquatic species has started since the 80s with the enactment of the Decree of the
Minister of Agriculture No. 179/Kpts/Um/3/1982 on the Prohibition of the Import
of Several Dangerous Fish Species from Abroad. In the following decade, the
participation of Indonesia in the international level in terms of environmental
sustainability was proven by its involvement in the ratification of the United
Nations Convention on Biological Diversity in 1992 and the ratification of the
convention in Law No. 5 of 1994 concerning the Ratification of the United Nation
Convention of Biological Diversity.

The convention recognizes that human activities in utilizing biological
resources have disrupted the balance of ecosystems in various parts of the world.
Therefore, all countries are required to participate in maintaining the sustainability
and preservation of global biodiversity because the conservation and sustainable
use of diverse biological resources is a collective interest shared by all countries to
meet the needs of food, health and other needs for the world's growing population,
where access and utilization must be carried out fairly both in managing these
biological genetic resources and in terms of developing technology for their
utilization.

To anticipate the increasingly dynamic distribution of invasive and dangerous
aquatic species, the government then issued several regulations to replace the
Decree of the Minister of Agriculture No. 179/Kpts/Um/3/1982, including the
Regulation of the Minister of Marine Affairs and Fisheries No. 17 of 2009
concerning the prohibition of the entry of several dangerous fish species into the
territory of Indonesia. In this ministerial regulation, there are 30 species of fish both
fresh and marine that are prohibited from entering the territory of the Republic of
Indonesia where if these types of fish are found at the place of entry, namely
seaports, river ports, airport crossing ports, post offices, border posts with other

countries determined by the Minister, then destruction by fish quarantine officers is

11



mandatory. If the dangerous aquatic species are found outside the place of entry, it
is mandatory to carry out the orderly implementation of laws and regulations in the
field of fisheries by fisheries inspectors.

During the implementation of Ministerial Regulation No. 17 of 2009, it was
found that there were more types of aquatic animals that could potentially threaten
the preservation of environmental resources so that in 2014 a revision of Ministerial
Regulation No. 17 of 2009 was issued through Ministerial Regulation No. 41 of
2014 which contained a ban on the entry of 152 types of aquatic animals into the
territory of Indonesia. Unfortunately, the ministerial regulation does not regulate
the prohibition, procedures and rules for the traffic of dangerous fish species
between areas within the territory of Indonesia so the Head of the Fish Quarantine
and Inspection Agency in 2016 issued a notification letter no
1140/BKIP.2/K.140/X/2016 that in regulating the traffic of dangerous fish species
to be rejected in accordance with Ministerial Regulation No. 41 of 2014 except for
export activities are still allowed if they have met the requirements of the
destination country.

Furthermore, in 2016, the Ministry of Environment and Forestry issued
Regulation of the Minister of Environment and Forestry of the Republic of
Indonesia Number P.94/MENLHK/SETJEN/KUM.1/12/2016 concerning Invasive
Species. Considering the massive trade of invasive and dangerous fish species,
especially between areas within the territory of Indonesia that are not through the
entry and exit gates and the high economic value of trading these fish species so
that some people are still not moved to have awareness to prevent the distribution
of prohibited aquatic animals, it is necessary to remember that Law Number: 45 of
2009 concerning Amendments to Law Number: 31 of 2004 concerning Fisheries
strictly regulates the prohibition of stocking aquatic species that can pose a threat
to local fish resources, fish source environments, and human health.

Realizing the high threat of the spread of invasive and dangerous aquatic species
through various activities of trade in live fish products and activities of utilizing
exotic aquatic species for various other purposes, public participation and
awareness need to be increased, one of which is through dissemination and

empowerment of all stakeholders who utilize aquatic resources so that the

12



implementation of KP Ministerial Regulation No. 41 of 2014 and Regulation of the
Minister of Environment and Forestry of the Republic of Indonesia Number P.94 /
MENLHK / SETJEN / KUM.1 / 12/2016 concerning Invasive Species can run
optimally.

13



3. MATERIAL AND METHODS

Various methods were developed through conventional approaches (direct
observation) and molecular approaches. The conventional approach has several
weaknesses, including that it is difficult to collect, takes a long time to process,
costs a lot of money, and tends to destroy the habitat (Minamoto et al., 2012; Santas
et al., 2013). Therefore, other methods that are more effective and efficient are
needed to validate the existence of target species, one of which is the molecular

approach.

3.1 Study area

Indonesia, the largest archipelago in the world with no less than 13,466 named
islands and about 11,000 of them inhabited, is known as one of the Mega-
Biodiversity countries with a high level of endemicity (Maskun et al., 2021; Sanka
et al., 2023). Due to the history of geological activity that led to the formation and
dispersal of large and small islands, there was a long-standing isolation of plant and
animal species (Boedhihartono, 2017; Handayani et al., 2021). The location
between two continents, Asia and Australia, and between two oceans, the Pacific
and the Indian, also has a significant role in the rich biodiversity of Indonesia. The
western region is strongly linked to Peninsular Malaysia and Asia, known as the
Sunda Shelf, while the eastern region is strongly linked to Papua and Australia,
known as the Sahul Shelf. But in between is an area that is not linked to either Asia
or Australia, namely Sulawesi and its surrounding islands, which have a unique and
complex geological history, resulting in a very high level of endemicity in
Indonesia.

As one of the ten countries with high biodiversity, Indonesia occupies an
important position in the world biodiversity map. This biodiversity has a very
important role for human life and the environment, including as a source of food
and medicine, reservoirs, maintaining the carbon cycle and so on. In terms of
endemicity, Indonesia has 20% of the 1,605 bird species (323 species) and 53% of
the 720 mammal species (382 species) in the world that are found to live naturally
in Indonesian territory. As an archipelago, Indonesia has no less than 95,181 km?

of coastline surrounded by tropical oceans, which adds to its high level of
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biodiversity. Conservation International (CI) has designated Indonesia as one of the
17 "Megadiversity Countries" that has 2 of the 25 "Biodiversity Hotspots" in the
world. In addition, Indonesia also has 18 of WWF's (World Wide Fund for Nature)
"200 Global Eco-regions", 24 of Birdlife International's 218 "Endemic Bird Areas",
and has 10% of the world's flowering plant species and is a center of biodiversity
and animal husbandry, as well as a center of coral reef diversity, both plant and
animal.

The alarming decline in biodiversity richness needs to be addressed
immediately because without a comprehensive response, this decline is expected to
continue until it reaches a point of no return. In addition, the spread of invasive
species, both from within the country (inter-island and local/foreign) and from
abroad, has caused increasing pressure on native species and ecosystems. These
natural changes can be caused by climate change that affects the growth rate of a
species both locally and on a wider scale and reduced competition with other
species.

A full range of all relevant habitats for Indonesia will be covered, including
large rivers and small streams, a thermal streams, natural lakes and man-made
reservoirs, flooded quarries, small islands, marine, and fishponds. We also
personally visited exporters/wholesalers in Indonesia, as well as government
agencies related to the research. freshwater invasive species will be actively
searched for at most sampling locations by manual examination of suitable shelters
to confirm their in-situ presence. More activities will be added according to
obtained data. An inventory of ornamental fish in Indonesia was conducted by
contacting ornamental fish hobbyists, fish sellers, the Regional Fisheries Agency
and the Fish Quarantine Agency in Indonesia via telephone and WhatsApp.
Findings indicating the species’ presence were confirmed by data, photographs, and
personal interviews with residents and fishers. All activities were carried out in
compliance with Indonesian laws and ethical rules and warranted by Indonesian
academic staff from the IPB University. Data on domestic production and trade,
export and import were obtained from the Fish Quarantine and Inspection Agency

and the Ministry of Marine Affairs & Fisheries of the Republic of Indonesia.
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3.2 Data analysis
The data collecting and analysis will be processed in cooperation with the
Charles University, the University of South Bohemia, the IPB University, and the

Indonesia Open University.

3.2.1 Climate matching analysis

Contemporary climate data were downloaded at a 10 arcminutes spatial
resolution from the WorldClim dataset (Fick and Hijmans, 2017) and
environmental layers of future climate data (CSIRO A1B) were obtained from the
CliMond database (v.1.2, https://www.climond.org/; Kriticos et al. 2012) at a 10
arc-minutes spatial resolution. We calculated 19 bioclimatic variables (Table 1);
these represent the average, extreme and variation of temperature and precipitation
and are widely used in ecological niche modelling. Both datasets were assembled
in QGIS 3.22.2 ‘Bialowieza’ and were released on 17.12.2021
(https://qgis.org/en/site/) to ASCII format for use with the MaxEnt algorithm
(Phillips, 2005). MaxEnt was chosen because it is one of the best performing
algorithms with presence-only data (Elith et al., 2010). The model describes an area
of the continued likelihood of habitat relevance in the target area. Bioclimatic
variables provide a statistical summary of the climate within a set of static spatial
variables that are appropriate for bioclimatic modelling. Climatic similarity based
on temperature characteristics was modelled from a dataset of environmental layers
and the native range of species using the MaxEnt program (v.3.4.1;
https://biodiversityinformatics.amnh.org  /open_source/maxent) to test its
environmental suitability. As a cumulative result, a continuous map was created
and visualized in QGIS 3.22.2 ‘Bialowieza’. If the climate suitability value reaches
or exceeds a certain threshold value, this is interpreted as no evidence of a climate
constraint on the survival of the species and is indicated by a red area on the map
within the expected native range of the species. MaxEnt was trained using all 19
bioclimatic variables with default features and regularization multipliers (Default
model), which are based on empirical tuning studies (Phillips and Dudik, 2008).

Additionally, the conservation status, trends and threats of each listed species

by the IUCN Red List of Threatened Species (https://www.iucnredlist.org/) were
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included if known. Following categories are included in the [IUCN Red List: Extinct
(there is no reasonable doubt that the species is no longer extant); Extinct in the
wild (survives only in captivity); Critically endangered (facing an extremely high
risk of extinction in the wild); Endangered (facing a very high risk of extinction in
the wild); Vulnerable (facing a high risk of extinction in the wild); Near threatened
(close to being at high risk of extinction); Least concern (unlikely to become extinct
in the near future); and Data deficient (more information is required for a proper

assessment of conservation status).

Table 1. Bioclimatic variables are used in the variable selection strategy to build a

climate similarity model in Indonesia.

Bioclimatic variables

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 Isothermality (BIO2/BIO7) (x100)

BIO4 Temperature Seasonality (standard deviation x100)

BIOS Max Temperature of Warmest Month
BIO6 Min Temperature of Coldest Month
BIO7 Temperature Annual Range (BIO5-BIO6)
BIO8 Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 | Mean Temperature of Warmest Quarter

BIO11 | Mean Temperature of Coldest Quarter

BIO12 | Annual Precipitation

BIO13 | Precipitation of Wettest Month

BIO14 | Precipitation of Driest Month

BIO15 | Precipitation Seasonality (Coefficient of Variation)

BIO16 | Precipitation of Wettest Quarter

BIO17 | Precipitation of Driest Quarter

BIO18 | Precipitation of Warmest Quarter

BIO19 | Precipitation of Coldest Quarter
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3.2.2 Morphological analysis

The morphological parameter measurements were species-specific, for
example, in crayfish, thes measurements included: ocular carapace length, chela
length, propodal membrane length, dactyl length, chela width, cephalon width,
thorax width, carapace depth, total carapace length, abdominal length, telson length,
telson width, abdominal width, uropod length, cheliped (1st pereiopod) length, 2nd-
Sth pereiopod lengths, weight, and rostral spine count. Morphological parameter
measurements were used for strain comparison. All linear measurements were made
with vernier calipers (accuracy 0.1 mm) to nearest mm. Weight was measured on
an Adam CB-1001 1,000 g/0.01 g digital electronic weight scale to nearest gram.
Abnormal deformations such as bifid or curved rostrum (Yuliana et al., 2019) and

regenerated claws were excluded from the morphological analysis.

3.2.3 Statistical analysis

Statistical analysis is the process of collecting and analyzing data to discern
patterns and trends. In the papers part of this dissertation, we use descriptive
statistics which involves collecting, interpreting, analyzing, and summarizing data
to present it in the form of charts, graphs, and tables. For exaple, in crayfish, the
Kruskal Wallis method was used to determine significant morphometric differences
between the crayfish groups at their source regions. Discriminant analysis was used
to determine population groupings based on different locations. The software used
for discriminant analysis was the IBM SPSS Statistics for Windows, Version 23.0.

Armonk.
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4. THE PLANNED OUTPUTS

The collected data will be continuously published in impacted scientific
journals such as Scientific Reports, Knowledge and Management of Aquatic
Ecosystems, Coastal Management, Management of Biological Invasions, Aquatic
Living Resources, Aquaculture Environment Interactions, Biologia, etc. The results
are presented in the form of scientific publications in the aforementioned
dissertation. Some of our research results are in preparation and under review. The
manuscripts are expected to be published as soon as possible, some of them are:

a. Akmal SG, Yonvitner, Yulianda F, Adrianto L, Patoka J. Potential spread
of invasive crayfish used as life bait by Indonesian anglers. Under review
in Human Dimensions of Wildlife.

b. Akmal SG, Yonvitner, Yulianda F, Jerikho R, Slavik O, Blaha M, Kouba
A, Patoka J. The farmer’s enemy: The hazards of freshwater crab
Parathelphusa convexa de Man, 1879 spreading to paddy fields in West
Sumatra, Indonesia. In preparation and will be submitted to journals with
impact factors indexed by WoS or Scopus.

c. Patoka J, Akmal SG, Bldha, M, Kouba A. Cherax woworae, a new crayfish
(Decapoda: Parastacidae) from West Papua Province, Indonesia. Under
review in Zootaxa.

d. eDNA of aquatic invasive species in Indonesi. In preparation and will be

submitted to journals with impact factors indexed by WoS or Scopus.
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S. LIST OF REFERENCED LEGISLATION

The list of legislation referenced in this study are:

a.

Decree of the Minister of Agriculture No. 179/Kpts/Um/3/1982 on the
Prohibition of the Import of Several Dangerous Fish Species from Abroad.
Law No. 5 of 1994 concerning the Ratification of the United Nation
Convention of Biological Diversity.

Regulation of the Minister of Marine Affairs And Fisheries of the Republic
of Indonesia No. 17 of 2009 concerning the prohibition of the entry of
several dangerous fish species into the territory of Indonesia.

Regulation of the Minister of Marine Affairs And Fisheries of the Republic
of Indonesia No. 41/Permen-Kp/2014 concerning the prohibition of the
entry of several dangerous fish species into the territory of Indonesia.

A notification letter no 1140/BKIP.2/K.140/X/2016 that in regulating the
traffic of dangerous fish species.

Minister of Environment and Forestry of the Republic of Indonesia Number
P.94/MENLHK/SETJEN/KUM.1/12/2016 concerning Invasive Species.
Law Number: 45 of 2009 concerning Amendments to Law Number: 31 of

2004 concerning Fisheries.

20



6. RESULTS AND LIST OF PUBLISHED STUDIES

The results obtained from the research continue to be published as independent
studies in scientific journals. The inclusion of articles in this paper cannot be
considered a publication. The articles are intended exclusively for defending the
author's doctoral thesis at the Czech University of Life Sciences Prague. All
unpublished data are the property of the authors and co-authors of the respective
scientific papers, all rights reserved. The scientific publications presented in this

dissertation are sorted chronologically.

6.1 Marine ornamental trade in Indonesia
Akmal SG, Zame¢nikova-Wanma BPD, Prabowo RE, Khatami AM, Novak J,
Petrtyl M, Kalous L, Patoka J. 2020. Marine ornamental trade in Indonesia.
Aquatic Living Resources. 33(25). https://doi.org/10.1051/alr/2020026

In this study, we searched the ornamental trade in Indonesia focused on marine
species. The marine ornamental trade in Indonesia involves the export of
ornamental marine fish and other biota, with the red lionfish and endangered species
being the most commonly traded. From 2015 to 2019, Indonesia exported 3,353,983
kgs of ornamental marine fish, which were sold for 33,123,218 USD. Bali was
identified as the province with the highest volume of exports. Indonesia and the
Philippines are the main exporters of marine ornamentals from Southeast Asian
coral reefs. The marine ornamental trade is a significant industry, with over 46
million organisms representing 2500 species traded annually, and a value exceeding
USS$ 300 million (Palmtag, 2017).

Marine ornamental trade in Indonesia is an important sector of the international
pet trade. The vast majority of these species are collected from the wild. Detailed
evidence on trade with marine resources in Indonesia is lacking or it is hardly
accessible. Moreover, the exploitation of ornamental species seems to be mostly
uncontrolled. The existence of ornamental fish market regulation in Europe
requiring export of ornamental fish to be from cultivation presents an opportunity

for regulation.
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Abstract — Trade with marine species as ornamentals is an important sector of the international pet trade.
The vast majority of these species are collected from the wild and one of the top supplying countries is
Indonesia. Detailed evidence on trade with marine resources in Indonesia is lacking or it is hardly accessible.
Moreover, the exploitation of ornamental species seems to be mostly uncontrolled. This study presents
detailed characteristics of such trade for Indonesia, including the offered species, their sizes, prices, and
conservation status, based on data and information obtained from wholesalers in 2018. The main provinces
of marine wildlife collecting are also identified. In total, 777 marine vertebrate and invertebrate species were
traded, belonging to 174 families including two species classified as endangered: Banggai cardinal fish
(Pterapogon kauderni) and zebra shark (Stegostoma fasciatum). Commonly traded was red lionfish (Pterois
volitans), known to be a successful invader. The volume of ornamental marine fish exported from Indonesia
in period 2015-2019 was 3 353 983 kgs sold for 33 123 218 USD. The province of Bali was identified as the
main exporter of ornamental marine fish within Indonesia. These findings should help to establish

sustainable exploitation of marine resources in relation to conservation and wildlife management.

Keywords: Aquarium / coral reef / export / ornamental species / pet trade / price

1 Introduction

The keeping of ornamental species in aquaria is amongst
the most popular hobbies worldwide and represents a steadily
growing sector of aquaculture and a multi-billion dollar
industry (Tlusty, 2002; Padilla and Williams, 2004; Livengood
and Chapman, 2007; Novak et al., 2020). In the past, setting up
and maintaining marine aquaria was much more expensive in
comparison to freshwater ones. Recent rapid improvements in
husbandry methods and technologies have resulted in a change
whereby moderately experienced fish keepers are now able to
build and keep marine aquaria of relatively small volumes for
reasonable prices (Cato and Brown, 2003; Ribeiro et al., 2009).
Moreover, the popularity of marine animals as ornamentals has
greatly increased due to the release of children’s movies in
which charismatic and attractively coloured marine biota are
the star characters (Livengood and Chapman, 2007). Contrary

*Corresponding author: patoka@af.czu.cz
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to freshwater species, the vast majority of ornamental marine
organisms do not reproduce in captivity and they are captured
in the wild, especially in tropical coral reefs (Tlusty, 2002;
Cato and Brown, 2003). It is clear that along with the growing
popularity of marine animals as pets, the pressure on wild
populations is on the rise.

Moreover, due to the development of hobbyists prefer-
ences, the global trade in live tropical marine organisms shifted
from fish-only tanks to small coral reefs with diverse biota
including also many invertebrates (Rhyne et al., 2009). This
shift of preferences has already increased pressure on tropical
coral reefs, one of the most overexploited and critically
endangered ecosystems on the planet, from which originate the
vast majority of ornamental marine species (Bruckner, 2005;
Leal et al., 2016a,b).

Although there is no evidence that collecting and fishing
for the pet trade has led to extinction of some marine species,
local depletion is well documented (Lunn and Moreau, 2004;
Nafola et al., 2011; Madduppa et al., 2014).
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Collectors of ornamental marine biota are usually small-
scale fishermen from tropical countries who work alone or in
small family groups, and who supply these animals to
intermediaries and middlemen, and consequently to large
wholesale/exporter companies (Wabnitz et al., 2003).
Despite suggested activities aimed at improving sustainable
exploitation (Tlusty et al., 2013; Calado et al., 2014;
Madduppa et al., 2014; Leal et al., 2016a,b), some local
collectors still use very destructive techniques including
application of potassium and sodium cyanide to capture fish
(see Rubec et al., 2001).

Over 3000 marine species originating from more than 100
countries are known to be subjects of the international pet
market annually (Rhyne et al., 2009; Leal et al., 2016a,b). The
majority of traded organisms are exported to the United
States, European Union and Japan (Rhyne et al., 2012), and
one of the top suppliers is the Republic of Indonesia (Lunn
and Moreau, 2004; Padilla and Williams, 2004; Leal et al.,
2016a,b). Many people living in Indonesian coastal commu-
nities are economically dependent on the collection of marine
animals for the pet trade and these communities are among
the poorest in the country (Reksodihardjo-Lilley and Lilley,
2007).

Since intensive capture can cause a considerable decline
in the abundance and density of target species, data about the
trade are needed to evaluate related risks. Unfortunately,
exact data on trade with marine resources in Indonesia are not
easily accessible, and the exploitation of ornamental species
is perceived as mostly uncontrolled (Lunn and Moreau,
2004).

In the present work, the current state of the Indonesian
marine pet trade was summarised and the main areas of species
collection and harvesting were identified. The information
presented should help to establish sustainable exploitation of
marine resources with respect to local and international
conservation and wildlife management.

2 Materials and methods

2.1 Desktop research

Selected pet trade wholesalers in the Czech Republic were
contacted to identify their main partners in Indonesia.
Subsequently, a search of the literature that reports data on
numbers of collected marine organisms in Indonesia was
conducted. The standard search engine Google (in English and
Indonesian languages) was used. Academic experts and
stakeholders in Indonesia were interviewed by email to
recommend studies, governmental reports and similar refer-
ences. A useful source of data was identified and consisted of
export statistics of fisheries products by commodity, province
and port of export (“Statistik ekspor hasil perikanan menurut
komoditi, provinsi dan pelabuhan asal ekspor”) released
annually in period 2015-2019 by the Ministry of Marine
Affairs and Fisheries, Republic of Indonesia. These statistics
sort each of the evaluated commodities regarding type, volume
and value (inkg and USD, respectively), and the amount of
local capture in each Indonesian province. Since the authorities
keep records only for the total weight of collected animals, it is
not possible to present the actual quantity of captured
individuals.

2.2 On-site research

In 2018 (period between 1st January to end of June), we
collected detailed information covering the offered species
based on personal visits and obtained actual price lists of two
of the major wholesalers/exporters in Jakarta, Indonesia,
which were previously identified and contacted in advance via
email communication. We also gathered information on
common names used as trade names, and origin of traded
species (wild-harvested or cultured).

2.3 Data analyses

A species list including common names, sex and colour-
ation morphs (when listed separately), size categories and
wholesale prices of each offered aquatic organism was
compiled, based on the data obtained. Usually, ornamental
marine species are not stocked in the exporter’s facilities but
obtained from suppliers and middlemen when wholesalers/
importers order listed species in the target area (as done for a
vast majority of imports to the United States, the European
Union or Japan; Rhyne et al., 2017). The species names were
verified using online databases FishBase (www.fishbase.org)
and WoRMS (World Register of Marine Species, http://www.
marinespecies.org). Misnomers, unaccepted, fuzzy and false
names were recorded and discussed with livestock managers in
the Indonesian wholesalers. Corrected names were later
confirmed by livestock managers in one of the main European
importers based in the Czech Republic, which is considered as
a gateway for ornamental aquatic species to Europe. These
organisms are imported here from supporting countries, partly
sold locally and partly re-exported to other European countries
upon customer request (Kalous et al., 2015). Additionally, the
conservation status, trends and threats of each listed species by
the ITUCN Red List of Threatened Species (https://www.
iucnredlist.org/) were included if known. Following categories
are included in the IUCN Red List: Extinct (there is no
reasonable doubt that the species is no longer extant); Extinct
in the wild (survives only in captivity); Critically endangered
(facing an extremely high risk of extinction in the wild);
Endangered (facing a very high risk of extinction in the wild);
Vulnerable (facing a high risk of extinction in the wild); Near
threatened (close to being at high risk of extinction); Least
concern (unlikely to become extinct in the near future); and
Data deficient (more information is required for a proper
assessment of conservation status).

3 Resulis

The results are given in Table 1. The total weight of marine
fish captured and exported as ornamentals between 2015 and
2019 from Indonesia was 3 353 983 kg sold for 33 123 218
USD. Adult fish represented 3 287 432 kg (32 265 994 USD)
while juveniles 66 551 kg (857 224 USD). Fish were exported
from 18 Indonesian provinces. Bali was the province with the
highest volume of captured and exported ornamental marine
fish. Export statistics about another marine biota were not
available.

In total, 777 marine species advertised both in Indonesia
and abroad for sale as ornamentals in 2018 were identified

Page 2 of 8
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Table 1. Indonesian provinces with recorded exports of marine juvenile and adult fishes in period 2015-2019, their total weight and total price
per year, and total price per whole period.

Province Commodity Weight (kg) Price (USD) Total price (USD)
2015 2016 2017 2018 2019 2015 2016 2017 2018 2019
juveniles 410 3601 1402 15617 160 4008 10133 269319
Bali adults 485603 616486 450956 490 413 252453 3 153205 5465053 4490 620 4470980 4692097 22355584
juveniles 14 3415 2569 9535 45 20220 25812 25296l
Jakarta adults 158009 135689 53312 58501 40807 1626200 1256139 390556 705926 716287 4994155
juveniles 3144 22055 40870 230833
Banten adults 47688 44623 51732 970 121 1267562 733613 242999
Juveniles
West Java Adults 9691 8074 9966 3647 16058 80 613 101864 132372 215651 321000 85159
. Juveniles
Riau Islands Adults 972 3016 5102 5420 2952 22797 222602 257405 03756
juveniles
Aceh adults 5263 18958 25601 16 141 13504 43257 95846 144209 296906
juveniles 1300 3489 1770 1084
North Sumatra adults 9905 30028 34574 63334 53377 12255 35020 21564 37274 111583 22055
juveniles
West Sumatra adults 39 1036 20576 38 457 2167 67679 42118 108303 220267
X juveniles
North Sulawesi adults 5625 3305 2067 2601 1726 30932 19 530 11704 22229 23421 107 816
i juveniles
Southeast Sulawesi adults 791 45 54250 1785 56 035
juveniles
West Nusa Tenggara 115 100 49 35 5980 16305 9946 32231
juveniles
Maluku adults 71 224 765 44 4780 7000 3825 3000 18 605
X juveniles
South Sulawesi adults 325 905 1093 1110 3390 4534 9034
X juveniles
West Kalimantan 15 25 3 ) 1143 819 3272 5234
juveniles
Central Java adults 1451 2902 2902
X juveniles
North Kalimantan adults 43 1549 1549
X juveniles
Jambi adults 270 1349 1349
. juveniles
Central Kalimantan adults 120 656 656

Table 2. Groups of marine animals found being traded in Indonesia in 2018, and number of families, the most abundant family and number of
traded species in the most abundant family in each group.

Group No. of families Most abundant family No. of species of the
most abundant family

Fish 52 Labridae 73

Cnidarians 38 Lobophylliidae 10

Molluscs 27 Cypraeidae 6

Crustaceans 22 Diogenidae 10

Echinoderms 20 Goniasteridae 5

Elasmobranchs 8 Dasyatidae 3

Annelids 2 Sabellidae 4

Ascidians 2 Clavelinidae, Styelidae 1

Sponges 2 Chalinidae, Microcionidae 1

Flatworms 1 Discodorididae 1

(Tabs. 2 and 3): 501 fish species (52 families; with 73 species,
the family Labridae had the highest species diversity in the
trade), 13 elasmobranchs (sharks and rays; 8 families; with 3
species, the family Dasyatidae had the highest species diversity
in the trade), 56 crustaceans (22 families; with 10 species, the

Page 3 of 8
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family Diogenidae had the highest species diversity in the
trade), 113 cnidarians (38 families; with 10 species, the family
Lobophylliidae had the highest species diversity in the trade),
41 echinoderms (20 families; with 5 species, the family
Goniasteridae had the highest species diversity in the trade), 43
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Table 3. Groups of marine animals found being traded in Indonesia
in 2018, and number of families and species in each group.

Group Families Species
Bony fish 52 501
Sharks 5 8
Rays 3 6
Shrimps 9 22
Spiny lobsters 1 5
Reef lobsters 1 2
Crabs 7 12
Anomurans 2 12
Penaeid shrimps 1 1
Mantis shrimps 1 2
Sea anemones 6 17
Tube-dwelling anemones 1 1
Jellyfish 2 2
Hard corals 11 48
Soft corals 18 45
Sea stars 7 18
Feather stars 2 2
Brittle stars 4 6
Sea urchins 4 9
Sea cucumbers 3 6
Cephalopods 1 3
Sea slugs 11 18
Sea snails 15 22
Bristleworms 2 5
Sea squirts 2 2
Sponges 2 2
Flatworms 1 1
Total 174 778

molluscs (27 families; with 6 species, the family Cypraeidae
had the highest species diversity in the trade), 5 annelids
(2 families; with 4 species, the family Sabellidae had the
highest species diversity in the trade), two ascidians (2
families, one species from both families Clavelinidae and
Styelidae was advertised), two sponges (2 families; one species
from both families Chalinidae and Microcionidae was
advertised), and one flatworm (family Discodorididae).

In total, 368 species were found listed in the ITUCN Red
List of Threatened Species (Data deficient=21, Least
concern=311, Near threatened=19, Vulnerable=15, and
Endangered=2; Fig. 1). The population trend was rated as
decreasing in 28 species (including endangered zebra shark
Stegostoma fasciatum), stable in 112 species, unknown
(update required) in 227 species, and one species, red lionfish
(Pterois volitans) was evaluated as increasing.

The species with the lowest price was mitra snail (A¢rimitra
idea) advertised for 0.15 USD per individual. The highest price
of 700.00 USD was recorded for tawny nurse shark (Nebrius
ferrugineus).

Only one recorded species was cultured in captivity:
Banggai cardinal fish (Pterapogon kauderni), which is
endangered with a decreasing population trend, but capture
in the field was also recorded. Clownfishes are known to be

Fig. 1. Marine aquaria with animals offered for sale on the street in
Jakarta, Indonesia.
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Fig. 2. Indonesian ornamental marine species listed in the IUCN Red
List of Threatened Species and their categories.

produced on the north shore of Bali (Rhyne et al., 2017), but
these species were not listed as domestically cultured in the
surveyed price lists; and no sorting by colour morphs was
recorded.

Most of the species were traded as adults, but some of them
also in the juvenile stage, and in the single case of coral
catshark (Atelomycterus sp.), the unhatched eggs were
advertised.

The ratio between export and local trade was not evaluated
due to a lack of data, but various species of fish, sharks, rays,
anemones, corals, echinoderms and sea snails were recorded in
the street markets in Jakarta (Fig. 2). A detailed list of all
species with both their scientific and trade names, sizes, prices,
IUCN status and population trend is given in the supplemen-
tary material (Tab. S1).

4 Discussion

Marine pet trade statistics are often uninterpretable
because when available, they include the export of fish in
water in total weight rather than as a number of individuals

Page 4 of 8
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(Lunn and Moreau, 2004). It is also a common practice to
include all marine ornamental species into a single reporting
category (such as “ikan hias” — ornamental fish in Indonesian)
and/or combine their trade figures with those of other
commodities. Therefore, it is important to extend statistics
by species, with their detailed price and ecological character-
istics, providing better insights into the composition of this
trade. A large number of marine animal species traded as
ornamentals within the international and local pet trade in
Indonesia were identified. Some species are known to be
decreasing in abundance in the wild and two of them are listed
as endangered in the IUCN Red List of Threatened Species. In
comparison with fishery, the volume of endangered species
captured for ornamental trade is mostly overlooked. For
instance, Stegostoma fasciatum was recorded as bycatch in
Indonesian fishery (Lindfield and Jaiteh, 2019) but detailed
information on exploitation of these sharks as ornamentals
should be gathered from further research. With the exception
of P. kauderni, all species are harvested solely from the wild.
There are 34 provinces in Indonesia and the above animals are
harvested in 11 of them, with the vast majority exported from
Bali, sometimes with transhipment to wholesalers in Jakarta
(Java). The price of traded animals varied from 0.15 to 700.00
USD depending on the species and size, the most expensive
being sharks. One can expect that the real volume of captured
fish is much higher than statistics suggest, due to post-capture
mortality, which is not recorded. What is alarming, up to 98%
of wild-harvested marine ornamental creatures die within one
year of capture (Yan, 2016).

Pterapogon kauderni is a favourite ornamental species
endemic to the Banggai Islands, Indonesian archipelago. It has
an oral incubation (paternal mouthbrooding) of eggs and
hatchlings with a direct development (Fishelson and Gon,
2008) and dispersal of its juveniles is very limited due to the
lacking stage of pelagic larvae (Vagelli, 1999). Therefore,
intensive capture is very risky for the sustainability of the
genetically isolated populations of this species which are due
to unique life history especially vulnerable to local extinction
(Lunn and Moreau, 2004; Ndobe et al., 2018).

Pterapogon kauderni can serve as a model of an ideal
ornamental fish suitable for breeding in marine aquaria. It is a
small and peaceful species with an unusual colouration, in
which white, black and blue tones predominate. This fish
reproduces well in captivity. Relatively seamless breeding,
limited mainly by the number of 40-60 eggs in the father’s
mouth and the requirement of offspring for significant content
of highly unsaturated fatty acids (HUFA) in food have impact
on reality that fish farmers are unable to saturate sufficiently
the demand for this species (Dodds, 2009; Schum, 2009;
Vagelli, 2002, 2011). The share of tank-bred fish, especially
those originating from Thailand, has been growing since 2012
significantly, probably because hobbyists prefer captive-bred
fish due to the likelihood of a higher survival rate (Ndobe et al.,
2018). Within its native range, isolated populations of this
species occur only in surroundings of 34 from 67 islands
(Vagelli, 2011, 2015; Ndobe et al., 2013). Vagelli (2015)
estimated gotential habitat suitable for P. kauderni fish being
ca. 30 . Ndobe et al. (2018) pointed out that the habitat
covers only 20-24 km?.

Dodds (2009) and Vaggelli (2011) estimated current
population of 2.4 million individuals with about 900 000

individuals being exported yearly and with together 18 million
fish collected since 1995. Harvest of this species do not
represent an important part of local economy, because only
about 230 collectors are involved in fishing (Lunn and Moreau,
2004). At the current payment rate of 0.01-0.025 USD per fish,
it represents an average number of less than 8000 fish per
collector supplemental income for each collector of between
78 and 195 USD per year (Vagelli and Erdmann, 2002). Dodds
(2009) further estimates mortality between collection and
export at 55%. According to Lunn and Moreau (2004), only
slightly over 10 000 individuals of P. kauderni are sold in the
wholesale network. This means, according to Dodds (2009),
the total mortality is at 99% level during shipping from the
exporter to the distributor. Iridovirus (BCIV) and bacteria of
the genus Vibrio in combination with stressful conditions have
the significant negative effect on the mortality of this species in
the store chain (Ndobe et al., 2018).

Since P. kauderni is known for being captured in large
quantities, the capture is probably one of the main reasons why
the population trend is decreasing. As part of the regulation of
capture and export for the pet trade, it was proposed to include
P. kauderni in the CITES Appendix II, but this was
consequently withdrawn by the European Union (CoP 14
Prop. 19, www.cites.org). Indonesia was encouraged to
implement conservation measures to ensure the sustainability
of exploitation of this species and to reduce post-capture
mortality, which is about 83% (Lunn and Moreau, 2004).
A possible solution is substitution of fish harvested from the
wild by fish bred and reared in captivity. However, it was
previously noted that fish harvested from the wild are much
cheaper than captive-bred fish, and therefore still widely traded
(Vagelli, 2011). On the contrary, both categories were found
advertised for sale at the same price of 2.0 USD. The price is
relatively low, popularity high, and thus continued capturing is
expected. In the case of clownfish species, no specific colour
morphs like melanistic and aberrant were offered, and hence
the price was not dependent on this factor contrary to clownfishes
exported from Papua New Guinea, as recently reported by Militz
et al. (2018). After detailed analysis, Ndobe et al. (2018)
subsequently concluded that managing of this species and its
microhabitats (fishing quotes, community-based aquaculture)
could provide benefit to endemic populations and at the same
time enhance potential for tourism and fisheries.

Intensive trade with this species is paradoxically accom-
panied by the expansion of its natural range to areas of highly
restricted localities along trade routes in Sulawesi, in particular
in Luwuk, Palu Bay, Lembeh Strait, Tumbak, Kendari
(Erdmann and Vagelli, 2001; Vagelli and Erdmann, 2002;
Moore and Ndobe, 2007; Vagelli, 2011; Moore et al., 2012),
where traded fish probably escaped from net cages (Lunn and
Moreau, 2004, Moore et al., 2012). One population has
established in Gilimanuk, North Bali (Lilley, 2008) and future
records in more sites in the Banggai Archipelago is expected
(Ndobe et al.,, 2018). Pterapogon kauderni is recently
categorized as Endangered in the [IUCN Red List on the basis
of a very small area occupied by fragmented populations, lack
of dispersal mechanisms and decrease due to exploitation for
the international pet trade (Allen and Donaldson, 2007). By
jurisdiction of the European Union it is only listed in CITES
Appendix D Council Regulation (EC) No. 338/97 of 9
December 1996 on the protection of species of wild fauna and
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flora by regulating trade therein (http://data.europa.eu/eli/reg/
1997/338/2020-01-01).

The vast majority of traded species are of a small size
(a few centimetres) but also bigger creatures (such as tawny
nurse shark, Nebrius ferrugineus) were recorded. The trade
size of this species is 100 cm and it can grow up to 320 cm in
body length. Nebrius ferrugineus is classified as Vulnerable,
S. fasciatum as Endangered and the other advertised shark
species as Near threatened even though the population trend of
Carcharhinus melanopterus is decreasing. Given the relatively
high price of traded large shark individuals, their popularity as
ornamentals is not particularly high, and hence their harvested
quantities are probably also not high. Since these species are
too big for home aquaria and in view of their conservation
status, capture only for support of sustainable captive
populations in zoos and public aquaria can be considered
desirable (and might be of a high priority; Buckley et al.,
2018). Recent research appears to indicate that strict
conservation of reef sharks leads to the recovery of
overexploited populations (Speed et al., 2018). Unfortunately,
these species are harvested without apparent regulation from
the wild in Indonesia, and their continued decrease could be
expected.

On the other hand, some of the traded species are known to
be invasive when introduced into new localities. For example,
P. volitans, which is the only species with an increasing
population trend on the presented list, is considered to be one
of the most invasive species in the world (Albins and Hixon,
2013). Also, invertebrates can behave as invaders. For
example, the Sally lightfoot crab (Percnon gibbesi), advertised
for sale for 1.14 USD in Indonesia and 20 EUR in European pet
shops (Calado, 2012), is considered to be non-native but
established in the Mediterranean by many authors (Félix-
Hackradt et al., 2010; Katsanevakis et al., 2011; Stasolla and
Innocenti, 2014), even though the natural spread of long-living
planktonic larvae into the Mediterranean by the Atlantic
Current cannot be excluded as a causal factor (Ulman et al.,
2017).

The commercial value of marine animals in the interna-
tional pet trade is high, and the popularity of aquarium keeping
as a hobby is increasing year by year globally. Thus, higher
pressure on animals in their native ranges is expected because
of their collection in the wild. Although there are logical
suggestions to capture ornamental organisms in their non-
native range to mitigate their spread and to alleviate the fishing
pressure on species in their native range (Calado, 2012),
significant reduction of import from Indonesia is not expected
due to socio-economic reasons. Although the negative
consequences on marine ecosystems of excess harvesting of
ornamental species are well known, effective policy measures
are lacking in many cases (Patoka et al., 2018).

The spectrum of traded species from Indonesia is broad,
including vertebrates and invertebrates, mostly inhabiting
coral reef environments. The lack of continuous and systematic
monitoring precludes the establishment of harvesting targets
and management strategies ensuring the sustainable exploita-
tion of these living marine resources. In total, 502 species of
fishes, 13 of sharks and rays, and 276 of invertebrates were
found in the marine pet trade in 2018. In contrast, Rhyne et al.
(2017) reported 992 species of fishes and 301 of invertebrates
to be exported from Indonesia to the United States in 2011

which suggests that some species can be traded as
misidentified and wrongly labelled in Indonesia. Further
survey is needed in this regard.

5 Conclusion

Species-specific information on trade (local and exports-
based) of ornamental species provides a better understand-
ing of incentives which may drive the development of
harvesting (knowing price ranges), as well as an indirect
measure of fishing pressure, which can be related to the
knowledge of the biological status of the resources. The
geographical information also helps assess the location of
this pressure, and whether it seems to apply to areas where
the species may be invasive, or not. Gathered data can be
used as pre-requisites to the development of species-specific
targets and management strategies for the development of
sustainable industries, with ensuing ecological, social and
economic benefits.

To established sustainable exploitation of living marine
resources, conservationists and wildlife managers must
implement appropriate and effective monitoring, including
both field surveys and market analyses, followed by local
regulations or restrictions focused mainly on endangered
species or selected populations. On the other hand, only
regulation and restriction are not particularly effective, and
efforts aimed at public education are crucial. Importantly, not
only protection of local species is needed, but also awareness
of potentially invasive species. This is because the regions that
have climatic conditions and habitats suitable for tropical
marine species common in the pet trade are also considered to
be places with a high probability of non-native species
establishment (Semmens et al., 2004).

Finally, it is worth mentioning that a detailed future survey
of the local trade in marine ornamentals in Indonesia is very
important. An understanding of the full environmental and
socio-economic complexity of this growing sector of the pet
industry is a premise for proper implementation of measures to
improve marine wildlife management.

Supplementary Material

Table S1. Detailed list of marine species traded in Indonesia as
ornamentals; group of animals, family, scientific and common
names, size in cm, price over the entire year in USD, [UCN
conservation status (if known), and population trend based on
data from IUCN (if known).

The Supplementary Material is available at
https://www.alr-journal.org/10.1051/alr/2020026/0lm.
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6.2 Redclaw crayfish (Cherax quadricarinatus): spatial distribution and
dispersal pattern in Java, Indonesia
Akmal SG, Santoso A, Yuliana E, Patoka J. 2021. Redclaw crayfish (Cherax
quadricarinatus): spatial distribution and dispersal pattern in Java,
Indonesia. Knowledge &  Management  of  Aquatic  Ecosystems.

422(16). https://doi.org/10.1051/kmae/2021015

The study investigated the spatial distribution and dispersal pattern of the
redclaw crayfish (Cherax quadricarinatus) in Java, Indonesia. The occurrence of
the species was confirmed in 66 of 70 surveyed localities with 51 new records for
Indonesia. The encounter points are in line with the pathways of ornamental trade,
and thus C. quadricarinatus can probably inhabit many different streams,
reservoirs, lakes, and other water bodies. The study provides valuable information
for future investigations focused on the relationship between the ornamental trade
and the introduction of non-native crayfish species in Indonesia.

Several factors contribute to the spread of redclaw crayfish in Java, Indonesia.
These include:

a. Ornamental trade: The encounter points of redclaw crayfish are in line with
the pathways of ornamental trade, which suggests that the species can
probably inhabit many different streams, reservoirs, lakes, and other water
bodies.

b. Wide environmental tolerance: Despite generally preferring slow-moving
streams in its native range, redclaw crayfish has a wide environmental
tolerance, making it capable of establishing in various aquatic habitats.

c. Culture and release: The culture and release of redclaw crayfish to inland
waters is undesirable and risky to native freshwater biota.

d. Invasive potential: redclaw crayfish is an intruder with high invasive
potential, capable of causing biodiversity homogenization, at least at a local
level.

e. Lack of management: The lack of management and monitoring of this

species in the region is also a contributing factor to its spread.
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Abstract — Cherax quadricarinatus is a parastacid crayfish native to parts of north-eastern Australia and
southern New Guinea. It is a relatively large and highly fecund species in comparison with other crayfish of
this genus. Since C. quadricarinatus was previously assessed as an invasive species in Indonesia, further
monitoring of this species in this region was recommended. Detailed understanding of its spatial behaviour
can be the basis for further research aimed at improved management. Field sampling was performed outside
its native range in Java, Indonesia from 2019-2020, resulting in data useful for modelling the species’ spatial
distribution. The occurrence of the species was confirmed in 66 of 70 surveyed localities with 51 new
records for Indonesia. Future investigations focused on the relationship between the spatial distribution and
dispersal pattern of C. quadricarinatus and its interactions with native biota and entire ecosystems were
recommended.

Keywords: Biogeography / freshwater / invasive species / non-native species / Parastacidae / Southeast Asia

Résumé — L’écrevisse a pinces rouges (Cherax quadricarinatus): Distribution spatiale et schéma de
dispersion a Java, Indonésie. Cherax quadricarinatus est une écrevisse parastacide originaire de certaines
parties du nord-est de I’ Australie et du sud de la Nouvelle-Guinée. C’est une espéce relativement grande et
tres féconde par rapport aux autres écrevisses de ce genre. Comme C. quadricarinatus a été précédemment
évaluée comme une espéce envahissante en Indonésie, il est recommandé de suivre la surveillance de cette
espéce dans cette région. Une compréhension détaillée de son comportement spatial peut servir de base a de
nouvelles recherches visant a améliorer la gestion. Un échantillonnage de terrain a été effectu¢ en dehors de
son aire de répartition d’origine a Java, en Indonésie, de 2019 a 2020, ce qui a permis d’obtenir des données
utiles pour modéliser la distribution spatiale de I’espéce. La présence de I’espéce a été confirmée dans 66 des
70 localités étudiées, avec 51 nouveaux enregistrements pour I’Indonésie. Des enquétes futures axées sur la
relation entre la distribution spatiale et le mod¢le de dispersion de C. quadricarinatus et ses interactions avec
le biote indigéne et les écosystémes entiers ont été¢ recommandées.

Mots clés : Biogéographie/eau douce / espéces envahissantes / espéces non indigénes / Parastacidae / Asie du Sud-Est

1 Introduction

Invasive species cause environmental and socio-economic
losses throughout the world (Pimentel, 2011). In Indonesia
also, several invasive species are known to pose serious threats

*Corresponding author: akmal@af .czu.cz

to native biota and have profound impacts on the entire
ecosystem via suppressed growth, non-native pathogen
transmission, habitat alteration, competition, hybridization,
and predation on native species (Torchin et al., 2003; Peeler
and Taylor, 2011; Strauss et al., 2012).

The spread of invasive species has recently increased
in aquatic ecosystems in Indonesia, both of vertebrates

This is an Open Access article distributed under the terms of the Creative Commons Attribution License CC-BY-ND (https://creativecommons.org/licenses/by-nd/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited. If you remix, transform, or build upon the material, you may not distribute the modified material.

31



S.G. Akmal et al.: Knowl. Manag. Aquat. Ecosyst. 2021, 422, 16

(Muchlisin, 2012; Markova et al., 2020; Patoka et al., 2020) and
invertebrates (Marwoto ef al., 2018; Putra et al., 2018). The
increase in invasive species can sometimes be economically
beneficial, but it is also necessary to consider and predict
the impact of the introductions on aquatic ecosystems
(Yonvitner et al., 2020). The existence of non-native species
complicates the management of aquatic species stocks and
biodiversity conservation in invaded waters also because the
current legislative regulations are ineffective in many cases
(Patoka et al., 2018a).

Introductions of non-native species are commonly
perceived from both intercontinental and international
perspectives but especially in island countries, the regional
scale may be important (Lenzner et al., 2020). Redclaw
crayfish Cherax quadricarinatus (Decapoda: Astacidea: Para-
stacidae) is a known successful invasive species especially in
tropical regions across the world (Haubrock et al., 2021 and
citations herein) and it has spread also within the Indonesian
territory out of its native range (Patoka et al., 2018b). This
species is native to north-eastern Australia and southern New
Guinea. Although the western part of New Guinea belongs to
Indonesian territory, the species has to be perceived intrana-
tionally as non-native in the rest of the country (Blaha et al.,
2016). The purpose of new introductions of C. quadricarinatus
is usually related to its economic value for human consumption
and ornamental trade (Negara, 2012; Haubrock et al., 2021).
Both purposes were previously recorded also in Indonesia
(Patoka et al., 2018b).

In comparison with other members of this genus
(Weiperth et al., 2020), C. quadricarinatus is highly adaptable
to various water quality parameters such as different levels of
oxygen, ammonia, hardness, alkalinity, and pH (Rouse et al.,
1991). This crayfish is able to live in waters with water
temperatures ranging from 10 to 31 °C (Haubrock et al., 2021).

Since Indonesia has been identified as the leading exporter
of ornamental crayfish globally (Patoka er al., 2015), and
C. quadricarinatus is one of the most popular pet-traded
species (Kotovska et al., 2016; Vodovsky et al., 2017), the
further intentional spread of this species in the country is
expected. Another invasive and also popular ornamental
crayfish found established in Indonesia, the North American
red swamp crayfish Procambarus clarkii, is classified as being
much more harmful than C. quadricarinatus. Nevertheless, the
latter is also perceived as a risky species potentially negatively
impacting the native Indonesian biota (Patoka et al., 2016;
Putra et al., 2018).

Mitigation efforts need to be based on investigating the
distribution of invasive species in the landscape (Glen et al.,
2013; Padalia et al., 2014). These efforts form the basis for
the preparation of mitigation and eradication plans, knowing
distribution patterns, and protection of native species
biodiversity from non-native threats (Molnar et al., 2008).
Research related to the spatial distribution and dispersal
patterns of invasive species in Indonesia in general and of
invasive crayfish in particular has not been widely carried out.
Since crayfish are transported across the majority of Java via
various routes and in huge quantities, we have updated the
data about the distribution of C. quadricarinatus in this
Indonesian island.

2 Materials and methods
2.1 Study area

The research was conducted in freshwaters on the island of
Java, Indonesia, by field surveys. The selection of locations
was carried out after considering the local aquatic conditions,
with a special focus on streams, lakes, and reservoirs. In total,
70 locations (47 natural lakes and streams, 23 artificial ponds
and reservoirs) were selected and sampled. Crayfish were
collected from each of the surveyed locations when they
occurred there. In the initial stage, the current status of the
recorded populations was evaluated and their spatial distribu-
tion was determined.

2.2 Data collection

Data were collected during the whole season between
August 2019 and August 2020. Crayfish were captured during a
one-night sampling session at each selected locality using
bamboo and/or foldable net traps baited with fish and gastropod
meat. The types of data collected were biological, ecological,
socio-economic and community data. Temporal information was
alsoneeded as a follow-up step from the results of spatial analysis
in different periods to obtain dynamic patterns of spatial change.
For each site, all collected crayfish specimens were preserved in
70% ethanol for later laboratory identification. Relative
abundance was recorded for each locality. All voucher speci-
mens were deposited in the Fisheries Biology Laboratory,
Department of Aquatic Resources Management, Faculty of
Fisheries and Marine Science, IPB University in Bogor,
Indonesia. The species was identified based on morphological
characteristics suggested by von Martens (1868), Holthius (1949),
Souty-Grosset et al. (2006), and Haubrock et al. (2021).

2.3 Data analysis

Data processing software used was QGIS Standalone
version 3.16.0-Hannover (64 bit). Several aspects need to be
considered in making a database design, including (a)
describing the object; (b) analyzing the available data; (c)
physical design; (d) linking spatial data with the database; and
(e) implementation. Results of the distribution survey and
statistical analysis were compared with range-wide distribu-
tion records of the species to determine possible relationships
among distributions. The morphological parameter measure-
ments included: ocular carapace length, chela length, propodal
membrane length, dactyl length, chela width, cephalon width,
thorax width, carapace depth, total carapace length, abdominal
length, telson length, telson width, abdominal width, uropod
length, cheliped (1st pereiopod) length, 2nd-5th pereiopod
lengths, weight, and rostral spine count. Morphological
parameter measurements were used for strain comparison.
All linear measurements were made with vernier calipers
(accuracy 0.1 mm) to nearest mm. Weight was measured on an
Adam CB-1001 1,000 g/0.01 g digital electronic weight scale
to nearest gram. Abnormal deformations such as bifid or
curved rostrum (Yuliana et al., 2019) and regenerated claws
were excluded from the morphological analysis. The Kruskal
Wallis method was used to determine significant morphometric
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Fig. 1. The current distribution of Cherax quadricarinatus in Java island. The red dots indicate the established populations. Name of
provinces are italicized while source regions are indicated by an asterisk, except for Yogyakarta which is the name of the province and also of

a source region.

differences between the C. quadricarinatus groups at their
source regions. Discriminant analysis was used to determine
population groupings based on different locations. The
software used for discriminant analysis was the IBM SPSS
Statistics for Windows, Version 23.0. Armonk.

Region GPS Habitat type

3 Results Latitude Longitude

Cherax quadricarinatus was found to occur at 66 of  Cirebon —6.879271 108.578073 Lake
70 sampled locations (43 natural and 23 artificial, Tab. S1). Its ~ Cirebon —6.784961 108.567211 Lake
scattered distribution in several regions on Java island is  Cirebon —6.734638 108.564482 River
presented in Figure 1. A reproducing population was found in ~ Semarang —7.285690 110.435825 Lake
each locality where C. quadricarinatus occurred. Most of them ~ Semarang —7.254928 110.458398 River
were being cultured in ponds and tanks for ornamental  Yogyakarta —7.786604 110.381592 Reservoir
purposes and some of them also for human consumption. All ~ Yogyakarta —7.754888 110.413565 Reservoir
populations found in the wild originated from one of the three ~ Yogyakarta —7.788148 110.296371 Reservoir
following source regions: Cirebon, Semarang, and Yogyakarta ~ Yogyakarta —7.749287 110.489223 River
(Tab. 1). The total body length range was 52.88-139.77mm  Yogyakarta —7.824455 110.123569 Reservoir
(mean=103.06 mm;N=17) in Cirebon, 69.74-177.58 mm
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Table 1. Results of global positioning system measurements of wild
Cherax quadricarinatus populations in three Javanese source regions:
Cirebon, Semarang, and Yogyakarta.
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Table 2. The significantly different morphological characters of Cherax quadricarinatus populations in Java.

Morphological parameter

Average ratio

(length = mm; weight = g)

Cirebon

Semarang

Ocular carapace length
Dactyl length

Chela length
Cephalon width
Thorax width

Telson length

Telson width

Uropod length

2nd pereiopod length
3rd pereiopod length
4th pereiopod length
5th pereiopod length

0.7615+0.0253

0.3156+0.0333
0.2135+0.0580
0.3697+0.0103
0.4360+0.0166
0.3197+0.0213
0.2471+0.0185
0.3828+£0.0278
0.8185+0.0622
1.0240+0.0881
0.9171+0.0449
0.8233+0.0583

0.8120+0.0292

1.0031+0.2112
0.8867+0.2749
0.9255+0.1163
1.2035+£0.2154
0.3282+0.0188
0.2430+0.0124
0.3933+0.0202
0.8410+0.0672
1.0583+0.0671
0.9511+0.0668
0.8587+0.0648

Yogyakarta df p-Value

0.7966+0.0587 2 0.0030
0.3220+0.0349 2 <0.0001
0.1937+0.0388 2 <0.0001
0.3929+0.0172 2 <0.0001
0.4457+0.0237 2 <0.0001
0.3381+0.0186 2 0.0030
0.2227+0.0222 2 <0.0001
0.4083+0.0296 2 <0.0001
0.7962 +0.0443 2 0.0040
0.9994 +0.0647 2 0.0010
0.9051+0.0461 2 0.0010
0.8154+0.0519 2 0.0020

Region:
O 1. Cirebon

2. Semarang
3 3. Yogyakarta

- 88 W Group Centroid
0.04 (5

Function 2
o
b
T

T T T T T
-10 -5 0 s 10

Function 1

Fig. 2. Discriminant result grouping of Cherax quadricarinatus on
standard morphological measures. The discriminant analysis serves to
show clear groupings characterized by differences in the centroid
position. The analysis showed significant differences among groups
in Cirebon (1), Semarang (2), and Yogyakarta (3).

(mean=110.38 mm; N =33) in Semarang, and 66.97-144.6 mm
(mean=_89.23 mm; N=59) in Yogyakarta. Cherax quadricar-
inatus locality tracing was based on pathways in Java. We found
the C. quadricarinatus being commonly traded as a popular
ornamental creature in Java.

Based on the discriminant function in statistical analysis,
the results of grouping C. quadricarinatus on standard
measurements indicated three groups marked by differences
in the centroid location (Fig. 2). Individuals in each population
from mainland waters in Cirebon, Semarang and Yogyakarta
were grouped appropriately at 88.24%, 96.97%, and 91.53%
respectively. Discriminant analysis was carried out to see the
closeness of the correlation based on the similarity of certain
crayfish body sizes. Morphometric characters that had the
same values indicated a mix of measured populations from one
population to another. Discriminant analysis from standard

morphometric methods showed that the populations of
C. quadricarinatus in the three localities differed significantly.
Significantly different morphological characters were the
following: chela length, cephalon width, dactyl length, ocular
carapace length, telson length, telson width, thorax length,
uropod length, 2nd pereiopod length, 3nd pereiopod length,
4rd pereiopod length and 5th pereiopod length (Tab. 2).

4 Discussion

In total, we found C. quadricarinatus to be well-
established in 66 localities in Java, Indonesia, with 51 new
records of the species on this island in addition to previous
records reported by Patoka er al. (2018b). As suggested
previously, climatic conditions in Java are suitable for its
establishment (Patoka ez al., 2016) and the largest populations
were found in Cirebon, Semarang, and Yogyakarta. The
encounter points are in line with the pathways of ornamental
and thus C. quadricarinatus can probably inhabit many
different streams, reservoirs, lakes, and other inland freshwater
bodies in Java.

Discriminant analysis showed that populations of
C. quadricarinatus found in Cirebon, Semarang, and
Yogyakarta are significantly different. Different environmental
conditions lead to adaptations that are marked by differences in
morphological characters (Webster, 2007). Variations in
morphological characters occur as an adaptation response to
environmental conditions (Patoka et al., 2017). Such variation
could be caused by differences related to altitude (Cirebon:
from 0 to 300 masl; Semarang: from 0 to 1500 masl;
Yogyakarta: from 0 to 450 masl) or to local environmental
conditions (Snovsky and Galil, 2011; Fahri et al., 2013;
Darmansyah et al., 2014; Vitasurya, 2016).

The occurrence of a non-indigenous crayfish population in
any ecosystem worldwide needs to be managed properly so
that it can be utilized optimally and appropriately and does not
negatively interfere with other crustaceans and native species
in general. This point is crucial and is often not easy to follow
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up in many species and many regions. Cherax quadricarinatus
has a high environmental tolerance, is easy to sell alive and
ship worldwide, demand is relatively high and the market is
wide open (Wu et al., 2018; Ghanawi et al., 2019; Lin et al.,
2020). This crayfish is very popular in the aquaculture industry
because it has good resistance, adaptability to various food
types, and is fast growing (Vodovsky et al., 2017). Indonesia is
one of the countries that have carried out a lot of
C. quadricarinatus cultivation. This species is cultivated
there both in natural and artificial waters such as lakes,
reservoirs, ponds, indoor tanks and aquaria, and traded both
locally and exported abroad (Patoka et al., 2018b).

Given both the positive and negative aspects related to
C. quadricarinatus culture in Indonesia, it is necessary to
educate the general public. Control measures that can be taken
to reduce or mitigate the unwanted feral populations of
C. quadricarinatus released into public waters can be
implemented through economic uses, such as consumption
and sales. However, when management is carried out the most
important thing is to avoid release of the captured crayfish
elsewhere (Patoka et al., 2018a). This must be a major concern
because these freshwater crayfish also jeopardize the environ-
ment. For example, by reducing biomass of aquatic plants,
crayfish reduce the availability of shelters for macroinvertebrates
and fishes (James et al., 2015). Cherax quadricarinatus can also
negatively affect native species, through direct competition,
predation, or habitat modification, and may host parasites
previously absent in native populations (Haubrock et al., 2021).
For instance, various species of bacteria are known to infect
C. quadricarinatus (Hayakijkosol et al., 2017).

In line with previous records (Patoka et al., 2016, 2018b), it
is obvious that spread of C. quadricarinatus is increasing
at least in Java. Regarding related risks in Indonesia,
C. quadricarinatus should be cultured strictly in isolated
systems. Feral populations of this crayfish can be also
controlled through increasing the exploitation rate for human
consumption. On the other hand, the increasing demand can
cause an unwanted future spread of C. quadricarinatus in the
region, and hence the directed education of the general public
is crucial in this regard. Future investigations focused on
relationships between the spatial distribution and dispersal
pattern of C. quadricarinatus and its interactions with native
biota and entire ecosystems are recommended. Also, the
further detailed monitoring of introduced species including
crayfish in Indonesian waters is strongly recommended.

Supplementary Material

Table S1. The full record list of Cherax quadricarinatus
populations recorded in Java, Indonesia: name of the region,
GPS, type of the habitat: natural (lakes, streams) or artificial
(ponds, reservoirs).

The Supplementary Material is available at https://www.kmae-
journal.org/10.1051/kmae/2021015/0lm.
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6.3 Import, trade and culture of non-native ornamental crayfish in Java,
Indonesia
Yuliana E, Yonvitner, Akmal SG, Subing RA, Ritonga SAR, Santoso A, Kouba
A, Patoka J. 2021. Import, trade and culture of non-native ornamental crayfish
in Java, Indonesia. Management of Biological Invasions. 12(4): 846-857
https://doi.org/10.3391/mbi.2021.12.4.05

According to a survey conducted in Java, Indonesia, six non-native species of
ornamental crayfish were recorded: Cherax destructor, C. quadricarinatus, and
four Procambarus species. These crayfish are imported, traded, and cultured in Java
for ornamental purposes. Cherax quadricarinatus is native only to the southern part
of the Papua Province in Indonesia, but has invaded Indonesian territory west of the
Wallace Line (Patoka et al., 2016¢). Indonesia is known to be the main exporter of
ornamental crayfish globally, and certain New Guinean species are exploited as
ornamentals within the country (Yonvitner et al., 2020b). The local trade in
ornamental non-native crayfish is booming in Java, and the invasive Procambarus
clarkii is among the species being traded. The culture of non-native ornamental
crayfish in Indonesia includes outdoor farms and indoor concrete tanks.

The potential ecological impacts of non-native ornamental crayfish in Java,
Indonesia, include negative implications for the ecology and socio-economic
dynamics of the recipient area. The introduction of non-native crayfish species can
lead to intersectional adverse impacts. Cherax quadricarinatus, a non-native
species of ornamental crayfish, can negatively affect native species through direct
competition, predation, or habitat modification, and may host parasites (Akmal et
al., 2021). Moreover, the introduction of non-indigenous crayfish species to New
Guinea, which is close to Java, can have an invasive potential and put the enigmatic

hotspot of crayfish diversity at risk (Yonvitner et al., 2020b).
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Abstract

The pet trade is known to be one of the main sources of invasive species including
freshwater crayfish, which cause socio-economic losses and negative impacts on native
biota in many regions where introduced. Indonesia was identified as the leading
supplier of ornamental crayfish globally but the local market has been neglected
even though certain non-native species were reported previously. Based on the survey
of pathways and culture of ornamental crayfish in Java, six non-native species
were recorded: Cherax destructor, C. quadricarinatus, C. peknyi, C. snowden,
C. warsamsonicus, and Procambarus clarkii. The latter species originates from North
America and serves as a vector of crayfish plague, i.e. a disease lethal for non-North
American crayfish species. Crayfish are cultured both in outdoor and indoor facilities
as well as in natural lakes and reservoirs. Harvested crayfish are transported via
numerous routes across most of the island of Java. It is obvious that the local market
for ornamental crayfish is well-developed and Jakarta, Surabaya and Yogyakarta
were identified as hotspots of this trade. Further monitoring, detailed analysis of the
market and a ban of high-risk P. clarkii are recommended to improve management
and existing legislation.

Key words: Parastacidae, Cambaridae, aquaculture, invasive species, pathway,
transport, Asia

Introduction

Freshwater crayfish (Decapoda: Astacida) inhabit various lotic and lentic
habitats such as rivers, brooks, lakes, swamps, and even caves (Kozak et al.
2015; Stern and Crandall 2018). Several crayfish species are exploited by
humans for various purposes such as consumption, pet trade, fish bait,
food for fish, educational and scientific activities (Peay et al. 2010; Faulkes
2015a; Patoka et al. 2015b, 2016a; Hossain et al. 2018; Oficialdegui et al.
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2019). In comparison with a long history of ornamental fish aquaculture
(Novék et al. 2020), culture and trade with ornamental crayfish started not
earlier than in the 1990s (Chucholl 2013; Faulkes 2015a). Crayfish are
cultured both in outdoor and indoor facilities and also harvested from the wild
(Holdich 1993; Jones and Geddes 1997; McClain 2020). Certain ornamental
crayfish have escaped or were intentionally released out of their native
range, subsequently establishing feral populations and behaving as invaders
despite wildlife management activities and related legislative restrictions
(Weiperth et al. 2017; Patoka et al. 2018b; Oficialdegui et al. 2020). Invasive
crayfish cause environmental and socio-economic losses with negative
impacts on the native biota and the entire ecosystem, and also on human
communities (Ficetola et al. 2012; Oficialdegui et al. 2019). Crayfish are
hard to detect in the early stages of an invasion and their later effective
eradication is extremely difficult or even impossible, leaving prevention of
further harmful introductions as the most effective management strategy
(Gherardi et al. 2011; Lidova et al. 2019).

While the ornamental fish trade is led by Singapore (Evers et al. 2019),
Indonesia has been identified as the leading exporter of ornamental crayfish
(Faulkes 2015b; Patoka et al. 2015c¢). Indonesia is the world’s largest island
country covering three biodiversity hotspots, Sundaland, Wallacea and
Sahul, with very rich endemic biota (Myers et al. 2000). The territory of
Indonesia also includes the western part of the island of New Guinea
(Dutch New Guinea in the past, currently Papua and West Papua
Provinces), with numerous endemic Cherax crayfish species (Blaha et al.
2016). This group includes also the recently discovered and described
Cherax acherontis Patoka, Blaha and Kouba, 2017, C. alyciae Lukhaup,
Eprilurahman and von Rintelen, 2018, C. gherardii Patoka, Blaha and
Kouba 2015a, C. mosessalossa Lukhaup, Eprilurahman and von Rintelen,
2018, C. pulcher Lukhaup, 2015, C. snowden Lukhaup, Panteleit and
Schrimpf, 2015, and C. warsamsonicus Lukhaup, Eprilurahman and von
Rintelen, 2017. Their scientific description has been promoted by a high
popularity as ornamental pets due to their attractive colouration (Chucholl
and Wendler 2017). These crayfish are exclusively collected from the wild
and exported through the main crayfish market in Sorong, West Papua
Province, Indonesia (Lukhaup 2015). More scientifically as-yet unknown
species with a potential to be also pet-traded are expected to occur in this
island (Patoka 2020; Weiperth et al. 2020).

Apart from these wild-captured crayfish, there is also one native Cherax
crayfish which is relatively easy to rear and breed, i.e. C. quadricarinatus
(von Martens, 1868). The species is native to the southern part of New
Guinea and northwestern Australia (Haubrock et al. 2021) and has been
introduced out of its native range to numerous new localities across the
Indonesian territory where it is farmed and exploited for human consumption
as well as for the pet trade (Patoka et al. 2016b, 2018a; Akmal et al. 2021).
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Semi-intensive farms producing C. quadricarinatus were established in
Indonesia as early as 2003 (Edgerton 2005).

In contrast to the previous assumption that just Cherax crayfish are
cultured in Indonesia (Patoka et al. 2015c), the North American Procambarus
clarkii (Girard, 1852) was recently also found being farmed as ornamental
crayfish. As reported by Putra et al. (2018), this species is a vector of the
crayfish plague pathogen (Aphanomyces astaci Schikora) whose occurrence
was recorded in outdoor farming ponds with P. clarkii in Java. Infection
with A. astaci was also confirmed in two other decapod species, i.e. the
freshwater crab Parathelphusa convexa de Man, 1879 and the freshwater
shrimp Macrobrachium lanchesteri (de Man, 1911). Aphanomyces astaci is
known to be one of the most serious pathogens affecting decapod
crustaceans (Lowe et al. 2000; Svoboda et al. 2017). Despite this serious
threat to the native biota and the fact that importation of P. clarkii to
Indonesia has been banned by Regulation No. 41/PERMEN-KP/2014,
culture of this crayfish species and its transport within the country are legal
(Putra et al. 2018).

The purpose of this study was to survey the history and pathways of
non-native crayfish introductions in Java in order to prepare a
recommendation on how to improve regulation and management of these
decapod crustaceans.

Materials and methods

In total, 33 localities in Bogor, Cilacap, Cirebon, Jakarta, Klaten, Magelang,
Malang, Semarang, Surabaya, Tangerang, Wonosobo, and Yogyakarta
regions were personaly surveyed between August and November 2019 in
Java, Indonesia (Supplementary material Table S1). To obtain details about
pathways and traded crayfish species, 13 farmers, 10 traders, four middlemen
and eight crayfish owners were individually interviewed in Indonesian
language (Bahasa Indonesia) on details such as the type of crayfish culture
and management, lists of the stocked species and their origin, trends in
their production, prices and sales, and distribution routes. The crayfish
samples were identified morphologicaly based on previous descriptions
(e.g. Clark 1936; Lukhaup and Herbert 2008; Yuliana et al. 2019).

Results

In total, six non-native ornamental crayfish species were found to be
cultured or imported. Five species belong to the genus Cherax (family
Parastacidae), i.e., Cherax destructor Clark, 1936, C. peknyi Lukhaup and
Herbert, 2008, C. quadricarinatus, C. snowden and C. warsamsonicus; and
one species belongs to the genus Procambarus, ie. P. clarkii (family
Cambaridae). Of the recorded Cherax species, C. destructor is native to
south-eastern Australia, while C. peknyi, C. snowden and C. warsamsonicus
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Table 1. List of crayfish species exploited in Java, Indonesia: name of the species, native range, year of the introduction in Java,
status (cultured or traded only), number of Javanese regions where the species occur, common price of adult individual (in USD).

Common price

Species Native range Year of introduction  Status in Java Regions for adults (USD)
Cherax destructor Australia 2005 cultured 2 50
Cherax peknyi New Guinea 2005 traded 1 18
Cherax quadricarinatus Australia/New Guinea 2000 cultured 24 7.5
Cherax snowden New Guinea 2005 traded 1 18
Cherax warsamsonicus New Guinea 2005 traded 2 18
Procambarus clarkii North America 2009 cultured 13 2.5
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Figure 1. Map of Indonesia (a) and enlarged map of Java island (b) with the main routes of
ornamental crayfish transportation highlighted as red lines. The first documented import is indicated
by a green line. A yellow line indicates the main route used to transport of crayfish from Sorong
in New Guinea to Jakarta for subsequent export abroad. Given lines do not show real traffic routes.

are native to New Guinea, and C. quadricarinatus is native to both Australia
and New Guinea. Procambarus clarkii is from North America (Table 1).
The first recorded import of ornamental crayfish to Java was to Surabaya
in 2000, involving C. quadricarinatus imported from Australia. Two peaks
in the economic value of crayfish were recorded, one between 2008 and
2010 and one between 2014 and 2015. Surabaya and Yogyakarta were
identified as hotspots of ornamental crayfish production in Java, while
Jakarta was identified as the city where most of wholesalers and exporters
are located. The main routes of ornamental crayfish transportation are
given in Figure 1. Crayfish are cultured in outdoor ponds, concrete tanks,
indoor aquaria and in natural lakes and reservoirs (Figures 2, 3¢, d). Worms,
bean sprouts, rice, corn, cassava, and pest gastropods from paddy fields
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Figure 2. Culture of non-native ornamental crayfish in Indonesia: outdoor farm close to Purwokerto
(a); indoor concrete tanks in Magelang (b); Cherax quadricarinatus produced in outdoor concrete
reservoirs in Cirebon (c); Procambarus clarkii in a pet shop in Bogor (d). Author of the pictures: JP.

Figure 3. Culture of non-native ornamental crayfish in Indonesia: two types of outflow from
farm, drainage (a) and hole (b); concrete tank equipped with shelters (c); outdoor concrete tank
(d). Author of the pictures: JP.

(Pomacea sp.) are commonly used as feed for farmed crayfish. Since there
are no official standard prices in Indonesia, the recorded prices can vary
depending on the current demand. Waste water outflow is usually directly
connected with streams in vicinity via drainage (Figure 3a, b).
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Details of surveyed regions:

Bogor

Several pet shops in Bogor city trade in C. quadricarinatus and P. clarkii as
ornamental crayfish. The latter is advertised in various colouration forms
such as wild, white, orange, and full red (also known as “Marlboro”). The
vast majority of these crayfish are locally produced in outdoor facilities in
quantities of more than 1,000 individuals per month. Crayfish are reared in
net cages in lakes and also in artificial pond systems from both of which
they can easily escape.

Cilacap

The only crayfish species produced in this region is C. quadricarinatus.
Middlemen in Cilacap town collect crayfish from three main local producers
and obtain 1-5 kg of crayfish per week. Crayfish are produced mainly
during the rainy season, from November to March. The common price is
USD 6.80 per kg for adults, and USD 5.10 per kg for subadults. There are
5-6 crayfish collectors around Wadasilintang dam circa 120 km east of
Cilacap town who harvest 3 kg of crayfish per day and collector. The harvested
crayfish are usually delivered 160 km eastwards to Klaten city.

Cirebon

In three pet shops in Kanoman fishmarket in Cirebon, C. destructor,
C. quadricarinatus, C. snowden, C. warsamsonicus and P. clarkii are traded.
These crayfish are partly delivered from Bogor, Purwokerto and Surabaya,
partly locally produced. Cherax snowden and C. warsamsonicus are strictly
imported from West Papua Province and not bred in Java. Cherax destructor
is rare and has a high price compared to other crayfish species, ranging
from USD 49.25 to USD 56.28 per adult pair. The number is limited and
the species is usually sold as adults. The common price for C. quadricarinatus
is USD 0.34-0.68 per subadult individual, which are relatively common in
the market, and USD 15.33 per adult pair. The common price for C. snowden
and C. warsamsonicus is USD 3.52-5.63 per subadult individual and USD
35.18 per adult pair. The price is expensive because these species are rare in
the market. The common price for P. clarkii is USD 0.34-1.02 per adult
individual. In 2010, circa 100 individuals of all mentioned species were sold
per week but subsequently the demand has gradually declined while the
number of local producers has been increasing. Therefore, the production
and trade in crayfish is currently perceived as unattractive in this region
and is likely to be abandoned in the near future.

Jakarta

Ornamental crayfish of all recorded species are delivered to wholesaler
facilities in the capital city Jakarta. These crayfish are stocked and subsequently
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offered and exported to the European Union, United States and Japan. Part
of them is also delivered to local retailers, including pet shops and street
markets. As previously reported, endemic crayfish (e.g. Cherax boesemani,
C. gherardii, C. holthuisi or C. pulcher) wild-harvested in New Guinea are
transported from Sorong to Jakarta but no local trade was recorded. Many
New Guinean crayfish are injured and mortality is high (up to 90% depending
on the experience of the importers). In pet shops, crayfish of different taxa
are usually stocked in the same tank including Cherax species susceptible
to crayfish plague, and P. clarkii, which is a carrier of the disease agent.

Malang

Cherax quadricarinatus is cultured in outdoor facilities around Karangkates
reservoir, about 35 km south of Malang. In 2018, the demand for crayfish
declined and just a single producer with 12 ponds continues in their
production. Most crayfish are produced for human consumption, sold
locally, transported to Bali and also delivered to Surabaya and exported to
Japan. Some of these crayfish may also be sold as ornamentals even if clear
evidence of this is lacking.

Semaran

There are two species produced in Semarang, i.e. C. quadricarinatus and a
red form of P. clarkii. The production of crayfish started more than 10
years ago in this region. The peak was documented in 2010 with a price of
USD 10.23 per kg of C. quadricarinatus. Currently, more producers are
rearing P. clarkii than C. quadricarinatus.

Surabaya

Surabaya is the first place where the ornamental crayfish were introduced
in Java. In 2000, C. destructor and probably also C. quadricarinatus were
imported here from their native range in Australia. In subsequent years,
C. peknyi, C. warsamsonicus, and P. clarkii were also introduced to the market
as ornamentals. The common price was up to USD 6.80 per kg but fell to
USD 3.40 per kg in 2008. In 2012, the price increased again to USD 6.80
per kg and production began to rise. Crayfish were delivered to the cities of
Bandung, Bekasi, Jakarta, Madiun, Malang and Yogyakarta, and to the islands
of Bali, Lombok, Sulawesi and Sumatra in Indonesia; and also to Japan,
Malaysia, Singapore, Thailand, Taiwan, and Vietnam. Both purposes, for
human consumption and the pet trade, were recognized within this period.
Currently, exports to the mentioned countries have been largely terminated
but some shipments are delivered to Taiwan, Thailand, and Vietnam.

Yogyakarta

Yogyakarta (also known as Jogja) represents the hotspot of crayfish
production in Java. There are three species produced in Yogyakarta, namely

Yuliana et al. (2021), Management of Biological Invasions 12(4): 846-857, https://doi.org/10.3391/mbi.2021.12.4.05 852

44



7)

\Z

INVASIVESNET

Ornamental crayfish in Java

C. quadricarinatus, C. destructor and P. clarkii. Moreover, another species
C. peknyi is imported from Surabaya and its culture was trialled in 2015 in
Magelang but terminated after a short period due to its aggressiveness and
the ineffectiveness of the culture. Crayfish produced in Yogyakarta are
delivered to the cities of Ambarawa, Cirebon, Jakarta, Kebumen, Klaten,
Magelang, Malang, Purwokerto, Semarang, Sidoarjo, Solo and Surabaya,
and to Sulawesi island. Local farms were established also in the mentioned
cities and in their vicinity, such as the outdoor facility close to Purwokerto.
Farms in Yogyakarta are in intensive cooperation with those in Klaten.
Procambarus clarkii is produced for further culture for ornamental purposes
at a size of 2.5-4.0 cm and up to 1,000 individuals are sold per week. The
common price for P. clarkii is USD 2.56-2.93 per individual. From 2004 to
2015, the production and prices of P. clarkii were the highest and declined
from 2016. There were 14 pet shops in Yogyakarta before 2008 but after the
price decline just four currently advertise crayfish as ornamentals, with up
to 100 individuals sold per week. The common price for C. quadricarinatus
and C. destructor is USD 0.34-21.34 per individual depending on the size
class of the crayfish.

Discussion

Since 2000, when the first crayfish were imported to Java, six ornamental
crayfish species were found to be more or less frequently traded and
transported to several places on this island. The list of species is probably
incomplete with regard to highly valued endemic crayfish collected in the
wild in New Guinea, which are not cultured in Java due to their high
aggressiveness. Based on previous studies (Patoka et al. 2014; Faulkes 2015a;
Kotovska et al. 2016), we assume that there are plenty of New Guinean
crayfish harvested and exported directly from Papua Province for trade
and keeping in aquaria worldwide.

Just one North American crayfish species was recorded in Indonesia, i.e.
P. clarkii; we did not record more North American species, even if they
might be expected to occur due to their popularity as ornamentals (Yonvitner
et al. 2020). Further, P. clarkii was confirmed to be a vector of the crayfish
plague pathogen (Putra et al. 2018). Its spread in Java is therefore highly
alarming and a threat both to crayfish aquaculture and to the native
freshwater biota in general.

The most commonly cultured crayfish is C. quadricarinatus. The species
has escaped from aqucultural facilities such as net cages and established
self-sustainable populations in many water bodies in Java. Since it is a
large-growing, omnivorous crustacean able to prey on invertebrates and
small vertebrates, this crayfish poses a threat to the native biota despite its
sensitivity to crayfish plague (Hsieh et al. 2016; Haubrock et al. 2021).

Endemic New Guinean crayfish such as C. peknyi, C. snowden, and
C. warsamsonicus are stocked and traded in much lower quantities than
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both the aforementioned species. Moreover, culture of these species is
unprofitable because they are more difficult to rear and their environmental
plasticity is probably limited. Their potential invasivness is therefore
presumably low and these species can be classified as low risk to the
Javanese biota. Furthermore, New Guinean endemic crayfish usually have
very restricted native ranges (Blaha et al. 2016; Patoka 2020) and ongoing
harvest for the international pet trade may cause dramatic consequences
for these taxa (Tapkir et al. 2021). Unambiguous identification of collected
and traded species is crucially important; in New Guinean crayfish, much
confusion exists in the morphological characteristics used in species
identification. Even if recent publications suggest some new characteristics
(Kawai and Patoka 2020, 2021), the detailed revision of this group of
parastacids is greatly needed.

Part of ornamental Cherax crayfish is exported from Jakarta and Surabaya
abroad: to other Southeast Asian countries, to the Japan, European Union,
and to the United States. Their assessed risks of biological invasion are low
and hence these crayfish are not banned there (Patoka et al. 2014).
Surprisingly, despite the higher price of ornamental New Guinean crayfish
(Chucholl 2013; Patoka et al. 2015c), several individuals were recently
recorded released in Hungarian thermal waters (Weiperth et al. 2020)
where also tropical shrimps were previously found (Weiperth et al. 2019).
The possibility of a future ban proposal based on further monitoring cannot
be excluded. This assumption should reach the attention of Indonesian
traders and wildlife managers who are dealing with the mentioned group
of species.

Indonesia is generally perceived as being the supplier of ornamental
aquatic organisms on a global scale but the local market is usually ignored
or neglected (Patoka et al. 2015¢; Evers et al. 2019). Based on the presented
findings, it is obvious that the local market is well-developed and several
crayfish are sold as ornamentals each week in plenty of places in Java,
especially in the three identified hotspots Jakarta, Surabaya and Yogyakarta.
It is likely that recorded trading routes connect the vast majority of the
island and crayfish are commonly available for ornamental aquaculture
enthusiastics in huge quantities. Since crayfish infected by the crayfish
plague pathogen were previously found in a pet shop in Bogor (Putra et al.
2018), there is a high risk of further spread of the pathogen via this
pathway. As is our knowledge, the farmers do not rigorously control
neither potential escapes of crayfish larvae nor pathogen transmission via
the waste water runoff. This is alarming especially for the conservation of
endemic New Guinean parastacids (Yonvitner et al. 2020). For instance,
stocking of North American and New Guinean crayfish in the same tank
should be prohibited due to the high probability of crayfish plague pathogen
transmission. Moreover, focused rigorous biocontrol measures in the existing
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culture of P. clarkii should be mandatory to prevent the pathogen spreading:
different gear, separate water supply and disinfection of water runoff.

While the Indonesian government endorsed the inland water bodies
management to regulate invasive species including crayfish, the further
spread of at least C. quadricarinatus and P. clarkii is likely. Therefore,
continuous monitoring of the distribution, trade and related environmental
and socio-economic impacts of non-native crayfish are strongly recommended.
Since P. clarkii is generally classified as a high-risk species and succesful
invader (Chucholl 2013; Patoka et al. 2014; Putra et al. 2018), spread of this
crayfish poses a serious threat for Indonesian biota and, in case of crayfish
plague transmission, also for the aquaculture. For this reason, we propose
the total ban of this species in Indonesia.
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6.4 Vulnerability Status of the Coral Ecosystem in Kepulauan Seribu Marine
National Park, Indonesia
Yonvitner, Agus SB, Lestari DF, Pasaribu R, Supriyanto E, Widodo C, Sugara
A, Patoka J, Akmal SG. 2022. Vulnerability status of the coral ecosystem in
Kepulauan Seribu Marine National Park, Indonesia. Coastal Management,

50:3, 251-261. https://doi.org/10.1080/08920753.2022.2037388

The article "Vulnerability Status of Coral Ecosystems in the Thousand Islands
Marine National Park, Indonesia" investigates the vulnerability of coral ecosystems
in the Kepulauan Seribu National Marine Park, Indonesia. The study discovered
that coral ecosystems in the marine national park are vulnerable to a variety of
threats, including climate change, overfishing, and pollution. Based on the findings,
islands in the park were classified as high vulnerability (64%), medium
vulnerability (19.6%), and low vulnerability (16.07%). Our study has highlighted
the importance of monitoring coral ecosystems to trace the changes over time and
better inform conservation efforts. However, significant research on coral disease
in Southeast Asia, including Indonesia, is lacking.

The study results do not provide a direct comparison of the vulnerability levels
of the coral ecosystem in Kepulauan Seribu Marine National Park to those in other
marine parks in Indonesia. However, other studies have shown that coral reefs
across Karimunjawa National Park in Indonesia are being impacted by fishing,
tourism, declining water quality, and climate change. The study "Community
champions of ecosystem services: The role of local agency in protecting Indonesian
coral reefs" highlights the serious impacts of destructive fishing practices on marine
and coastal ecosystems in eastern Indonesia (Kennedy et al., 2020). Nonetheless,
further research is needed to make a direct comparison of the vulnerability levels
of the coral ecosystem in Kepulauan Seribu Marine National Park to those in other

marine parks in Indonesia.
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ABSTRACT KEYWORDS

Coral reefs are one of the most threatened ecosystems globally. Coral conservation; coral reef;
reef ecosystem (CRE) status is an essential indicator in measuring the exposure; mortality; risk
potential for sustainable management of coral resources in small

islands and islets. In this study, the parameters used are coral cover,

coral mortality index, and potential exposure. The study was con-

ducted on 56 islands in the Kepulauan Seribu Marine National Park

in Indonesia during June 2019. Based on the findings, islands were

classified as high-vulnerable (64%), moderate vulnerable (19.6)%, and

low vulnerable (16.07%). Results indicated that the sustainability of

surveyed coral reef ecosystems is seriously endangered. For this rea-

son, a systematic effort is recommended to mitigate the risks. Among

others, coral reefs need to be protected from various waste threats,

overfishing, and tourist behavior damaging coral reefs would be

regulated.

Introduction

The Kepulauan Seribu (also known as Thousand Islands) is a group of small islands
that have a coral reef ecosystem north of Javas coast in Indonesia. The Kepulauan
Seribu coral reef ecosystem is classified as a small island ecosystem with a lot of
pressure from human activities in coastal and marine surroundings. The threat of coral
reefs in the Thousand Islands is caused by a combination of source impacts such as
sea surface temperature, debris, and plastic waste, as well as oil spills and anthropogenic
resources from local communities (McLeod et al., 2010), and fishing operation (Cinner
et al. 2009). Jabbar, Soesilo, and Hamzah (2018) record since 20103-2018, Oil spills
accidents have been occurred about 12 times and causing negative impacts to sensitive
areas such as fisheries, corals, mangroves, and mariculture also, tourism areas. Since
1982, the Kepulauan Seribu has been designated as a marine nature reserve area, and
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then in 1995, it became the Thousand Islands Marine National Park through Decree
of the Minister of Forestry Ab 161/Kpts-1I/95 with an area of 108,000 ha. Coral cover
level was 33.00% in 2003, 31,98% in 2005, (Setiawan et, al 2009), 34,60% (2009),
32,27% (Zamani & Madduppa, 2011). The increasing touristic activities in these coral
reef areas have a negative impact on the coral cover on Panggang Island between
8.10-27.20%. (Prasetyo and Yuliadi 2018), and Congkak Island by 27.41% (2019).
Research by Yusnita (2014) showed that a huge increase in tourism began to occur in
2012 and 2013, where the coral cover was observed at 46.2% (3m depth) and 34.3%
(10m depth). It was also found that the rate of damage due to diving reached 7.57%
per year, and snorkeling 8.20% per year. The pressure on the Kepulauan Seribu eco-
system is caused by various natural, human, and environmental factors. Terrestrial
anthropogenic activities affect this environment at least 45km from the main island
(Uneputty and Evans 1997). Moreover, Suhery, Damar, and Effendi (2017) note that
the coral ecosystem on Holland Island (the core zone of the Marine National Park),
which is more than 45km from the main island, is already threatened and vulnerable.
The distribution of suspended matter due to oceanographic dynamics in the southern
part of the Kepulauan Seribu affected coral cover at a depth of 4m which was recorded
at 35.55% of the monitored area (Daniel and Santosa 2013). Environmental influences
such as temperature change causing bleaching events on sponge corals were detected
there, for instance, close to the Pari Island (Hoeksema 1991). For this reason, moni-
toring of the rate of degradation of coral ecosystems due to human activities needs to
be continuously observed in this region. Generally, the risk indicators are coverage,
richness, diversity (Cleary and Hoeksema 2006), which also illustrate the status of coral
ecosystems. However, currently, an indicator used as a vulnerability criterium is the
mortality or death rate in the coral ecosystem. These two indicators can be combined
as part of an assessment of the level of vulnerability (susceptibility) of small islands
from coral ecosystems’ status.

Change in coral cover is an indicator to explain coral ecosystems’ health status,
stability, and vulnerability. An increase in the coral mortality index has also been
caused by increased stress and risk to live corals. Both decreasing coverage and increas-
ing coral mortality are parts of the indicator of vulnerability of small islands such as
Kepulauan Seribu.

Based on the aforementioned indicators, the status of coral reefs can also be deter-
mined. This process is crucial to prioritizing the correct ecosystem-based management
of small islands in the Kepulauan Seribu. This study aims to cluster the status of this
chain of small islands based on their vulnerability status. The vulnerability status
should be used as the basis for further management of Kepulauan Seribu and can
provide benefits for the policy-makers, conservationists, and other stakeholders to
ascertain the quality of the ecosystem and follow-up steps to improve the sustainability
of this region.

Material and methods
Research area

The research was conducted on 56 small islands in the North Kepulauan Seribu divided
into 11 segments (Figure 1).
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Kepulauan

Seribu

Figure 1. Research area in Kepulauan Seribu National Park.

Data collecting

Coral cover was recorded using the line transect method, quadratic transect, and photo
transect. Data were collected using the Underwater Photo Transect (UPT) method and
by conducting SCUBA dives and Olympus TG5 and Canon Powershot G16 cameras.
The quadrat transect size 60x60cm was used to keep the photo areas uniform.

Transect installation was carried out at each research station with a 50-meter roll
meter as the transect line, placed parallel to the coastline at a depth of 6-7 meters.
When placing the roll meter, the position of the land/island coast was on the left side.
After the roll meter was placed parallel to the coastline, the shoot was carried out
along the transect line starting at the first meter to the 50th meter. Shooting for
quadratic transects at odd-numbered meters was done to the right of the transect line,
while even numbers were taken to the left of the transect line.

Data analysis

The photo results were analyzed using a coral reef software, Point Count with Excel
Extension (CPC) (Kohler and Gill 2006). In total, 50 transect photos were analyzed.
Points were regularly selected with five rows and six columns for each photo frame.
Each point was coded according to each biota category’s code and the substrate type
present on the point (Figure 2).

Photo transect processing was carried out at an intermediate level to determine all
percentage cover of biota and substrate categories in line with English, Wilkinson, and
Baker (1997) classes. Finally, the percentage cover of each category of biota and sub-
strate was calculated.

Coverage record

coverage (%)= x 100%

Total line transect
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Figure 2. Example of photo transect used for further analysis.

Each biota that was successfully recorded was grouped according to the category
and standard code used. The calculation results obtained were subsequently interpreted
based on the categories given in Table I.

Coral mortality index (CMI)

CMI is defined as the ratio of dead corals to the total area of corals that are both
dead and alive (in percentage). The higher the mortality index, the higher the level
of threat to the coral community is. This index is crucial to evaluate the vulnerability
of surveyed coral ecosystem.

Analysis of the CMI category was carried out using descriptive statistics as the
mean value, standard deviation value, and confidence interval or following the quartile.
The data obtained were the confidence interval. The range of CMI was obtained from
0.0-85.0% (0.32% =+ 0.23). With a descriptive or univariate statistical approach and
considering some of the variances of the data obtained (Makridakis et al., 2009),
categories were arranged based on the data obtained as given in Table 2.

Exposure

Coral exposure means various factors outside the coral ecosystem but affecting it
negatively, such as human activities, pollutants, and temperature change. For this

Table 1. Coral criteria coverage (Gomez, 1979).

Coverage live coral (%) Category
75-100 Excellent
50-74.9 Good
25-49.9 Fair
0-24.9 Poor
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Table 2. Categories of Coral Mortality Index (CMI).

CMI (%) Category

>43 Mortality High
32-42 Mortality Medium
20-32 Mortality Low
0-20 Mortality Very Low

reason, exposure is classified based on the percent value of live corals found to the
percentage of non-corals (interpretation of ratio measurement series, Makridakis
et al., 2009).

p—_C
:Cnl

P=Value of exposure potency

C, = Live coral coverage (%)

C,; = Non-living coral coverage (%)

The results of the analysis of potential exposure were then grouped into four cat-
egories to determine the exposure status, as given in Table 3.

The lower exposure value explains the higher level of exposure to the coral reef
ecosystem. Simply, increasing exposure indicates decreasing coral coverage.

Vulnerability index (VI)

The vulnerability index covers risks and threats that may occur in the evaluated eco-
system. In this study, the VI was defined as an aggregate function of coverage (X1),
mortality (X2), and exposure (X3). The values of X1, X2, and X3 were obtained from
the calculated value of coverage, CMI, and exposure and compared with the threshold
value or the long-term sustainability of the ecosystem. The threshold value for the
range was equal to 50, which means that coral reefs include of the live coral coverage
of 50%. The threshold value for the mortality index was 0.32, which distinguishes
evaluated mortality of ecosystem to very low and low, or medium and high. Meanwhile,
the upper exposure threshold value was defined as the limit value of the ecosystem to
survive properly. The Vulnerability index (VI) was then formulated, as shown below.

Table 3. Categories of exposure of coral ecosystem.
Value Category Remark

<0.3 Very high A low value means that the coverage of live coral is low because most of the
live dead coral increases, algae, and other biotas, due to high exposure of
hazard sources.

0.33-0.99 High The coverage value of live corals is between 20% and 50% of the total coverage,
so that less than 50% of live corals are classified as damaged because
exposure to hazard sources is still high.

1-3 Medium The coverage value of live coral is between 50-75%, and coverage of dead coral
is 20-55%. Increased live coral coverage indicates moderate exposure to
moderate potential hazards.

>3 Low The percentage of live coral above 75% and dead coral below 25% indicates a
low level of exposure.
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The symbols used above indicate that C is the live coral coverage, CMI is the
mortality index, and E is the value of the exposure. From the aggregate function, the
threshold value for the susceptibility category (S) was the following: VI < —1 defines
high susceptibility; VI -1 to 1 defines medium susceptibility, and low susceptibility
was defined by VI > 1.

Result
Coral coverage

The transect photo analysis results obtained from coral cover on 56 surveyed islands
are presented in Figure 3.

The cover of dead corals was recorded higher than those living in 13 islands, and four
others were mostly equal in both parameters. The worst situation was recorded in Semut
Besar, where live corals are close to the complete extinction, while less than 1% of dead
corals were recorded for Bulat, Cina, Kayu Angin Putri, Papatheo, Satu, and Sepa Barat.

Coral mortality index (CMI)

The results obtained from coral mortality analysis showed CMI = 0.00 to 0.85, with
an average mortality rate of 0.32. Based on CMI, 32% of surveyed coral ecosystems
were evaluated in the high-risk category, while 11% were in medium-risk, 21% in
low-risk, and 36% in the very low-risk category (Figure 4).

Exposure

Based on the analysis, exposure was found to affect surveyed coral ecosystems signifi-
cantly negatively. There were 26 islands in the very high category, 24 in the high
category, six in the medium category, and no islands in the low category (Figure 5).
The found exposure reached a range from 0.02 to 1.62, and the average value was 0.39.

Vulnerability index and susceptibility

The vulnerability Index of surveyed coral ecosystems reached a range from -2.58 to
2.19 with an average value of —0.09. Subsequent analysis showed that 12 islands were
classified as with high susceptibility, 36 with medium susceptibility, and eight with
low susceptibility (Figure 6).

Discussion

On a large scale, there is a decrease in the density of corals globally (McClanahan
et al). From 56 surveyed islands and coral ecosystems in Kepulauan Seribu Marine
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Figure 3. Surveyed islands and their cover included: live corals, dead corals, algae, other biotas, and
abiotic or bedrock parts (in %).

National Park, Indonesia, we found 12 islands highly susceptible, 32% were in the
high-risk category of coral mortality, and 26 islands were assessed in a very high
category of exposure. Thus, the negative impact of various factors (Rachello-Dolmen
and Cleary 2007) on the archipelago is obvious. Among others, also increasing scuba
diving activity and associated tourist industry in the region should be mentioned
(REF). Even if important for the socio-economic scale of local communities, it is
alarming for sustainable and long-term exploitation of the area.

Besides the negative impact of irresponsible tourists, coral mortality can also be caused
by predatory crown-of-thorn starfish (Acanthaster planci) spreading (Baird et al. 2013)
and by rising sea surface temperature (Rudi 2012; Wisha and Khoirunnisa, 2017).
Moreover, El Nifio, volcanic and seismic activity, tsunami, storm-wave runup, and other
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Figure 5. Exposure categories of coral ecosystems in 56 surveyed islands.

phenomena and natural disasters significantly affect coral mortality and must be con-
sidered (Brown 1990). For instance, El Niflo impacts have resulted in coral bleaching
and large-scale mortality reaching 85% in Bunaken Island, North Sulawesi, Indonesia
(Ampou et al. 2017). The threat to corals is also caused by domestic sewage, urban
runoff, and poverty of island communities, microalgae growth, and also the fishery and
ornamental animals capture and microalgae (Akmal et al. 2021; Bonaldo and Hay 2014;
Fauzi and Buchary 2002; Taofiqurohman 2013). According to Zamani, Wardiatno, and
Nggajo (2011), coral reefs in healthy small islands have a mortality index of less than
25%. Based on our findings, just 26 (46%) of 56 surveyed islands and coral ecosystems
can be considered healthy in this regard.

The level of exposure is usually higher on corals facing the wind direction (onward)
from those facing the wind (off ward) (Panggabean and Setyadji 2017), such as on
the surveyed islands Kuburan Cina and Pemagaran. Moreover, the exposure is also
caused by pollutants such as oil pollution (Suhery, Damar, and Effendi 2017).
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Figure 6. Susceptibility categories of coral ecosystems in surveyed 56 islands based on calculated
vulnerability index.

Even if Kepulauan Seribu was established as a marine protected area to promote
and protect a healthy coral reef ecosystem and its rich biodiversity, based on the found
value of the vulnerability as a measure of sustainability, part of islands in this archi-
pelago is at risk. Despite numerous efforts to protect the area, both external and
internal factors threatening corals exist. For this reason, it is necessary to identify the
threads and improve the management of the mentioned National Park (Khrisnamurti,
Utami, and Darmawan 2017; REF).

The islands classified as having a low level of vulnerability reached 14% only. This
means that the existence of the coral reef ecosystem can be sustainable in the long
term without proper management effort just in a small part of the national park.
Islands with high vulnerability should be prepared as a priority for the management.
Several steps would be suggested to encourage the sustainability of the reefs, such as
coral transplantation (Johan, Soedharma, and Suharsono 2016) and a limited number
of tourists in Menjangan Island, Bali, Indonesia (Febrianti, Purwanti, and Hartoko 2018).

The management strategy for small islands and coral ecosystems should be in line
with the status of the island. Based on the presented findings, a list of points regarding
the susceptibility level was created (Table 4).

Table 4. Management strategy of the small island in Kepulauan Seribu.

Susceptibility level Management strategy
High 1. Increasing coral coverage with a coral transplantation program
2. Zoning according to ecosystem status
3. Limited human activities
4. Regular monitoring and evaluation of trends
Medium 5. Support the process of restoring coral reef ecosystems
6. Zoning according to ecosystem status
7. Regular monitoring and regulation of actions that can increase coral mortality
Low 8. Regular monitoring and regulation of actions that can increase coral mortality
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Conclusion

More than half of the surveyed islands and their coral reefs in Kepulauan Seribu
Marine National Park are unhealthy and at risk. Thus, the improvement of the current
management practices is required. We believe that the present study will help conser-
vationists, wildlife managers, policy-makers, and other stakeholders protect this awesome
area and its rich biodiversity for the future. This study can be perceived as preliminary,
and further monitoring and evaluation of the archipelago is required and highly
recommended.
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6.5 Culture, trade and establishment of Polypterus senegalus in Indonesia with
first record of wild populations
AKkmal SG, Yonvitner, Jerikho R, Yulianda F, Wardiatno Y, Novak J, Kalous
L, Slavik O, Patoka J. 2022. Culture, trade and establishment of Polypterus
senegalus in Indonesia with first record of wild populations. Aquaculture

Environment Interactions. 14:127-133. https://doi.org/10.3354/ae100433

A recent study has reported the culture, trade, and establishment of Polypterus
senegalus in Indonesia, including the first record of wild populations. The African
grey bichir Polypterus senegalus is a popular ornamental fish in Indonesia, and the
pet trade with this species is increasing. Aquaculture production of this species is
also well established. The study presents a detailed market survey and volume of
trade data and highlights the importance of the pet trade as a pathway for the
introduction of non-native aquatic species. The study also notes that Indonesia is a
significant trade hub for ornamental fish.

The establishment of wild populations of Polypterus senegalus in Indonesia
may have an impact on the pet trade industry in the country. The pet trade with this
species is increasing, and aquaculture production is well established. The study on
the establishment of wild populations of Polypterus senegalus in Indonesia
highlights the importance of the pet trade as a pathway for the introduction of non-
native aquatic species. However, it is unclear how the establishment of wild
populations will affect the pet trade industry in Indonesia. Further research is
needed to understand the impact of the establishment of wild populations on the pet

trade industry in Indonesia.
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ABSTRACT: The African grey bichir Polypterus senegalus is a popular ornamental fish in Indone-
sia. Pet trade with this species is increasing, and aquaculture production is well established. Here
we present a detailed market survey and volume of domestic trade, export and import between
January 2018 and February 2021. Climate similarity between the native range of P. senegalus and
Indonesia was analysed by the MaxEnt algorithm. A significant number of areas of numerous
Indonesian islands were identified as suitable for survival and establishment of this fish. This was
confirmed by the records of 3 likely established populations in rivers in Java and Sumatra, where
both wild type and albino juveniles were captured. The occurrence of more feral populations was
suggested by local fishermen in Kalimantan, Java, and Lombok islands; however, verification via
future field trips is required. The culture of P. senegalus is unregulated in Indonesia, and the
potential risk of establishment of this predatory fish and its potential spread in this Southeast
Asian country is alarming for wildlife managers. Although a total ban seems the best solution, an
alternative risk mitigation strategy with minimal negative effects on the socio-economic situation
in local communities is more feasible. The albino phenotype of P. senegalus is probably less of a
risk because of its easier detection by predators, higher sensitivity to disease and stress, and dis-
rupted social behaviour. Since albinos are popular in Indonesia, replacing the wild phenotype
with this potentially less invasive phenotype could be a recommendation after experimental con-
firmation of the lower invasiveness of albinos.

KEY WORDS: Grey bichir - Asia - Invasive species - Ornamental fish - Aquaculture - Albino

1. INTRODUCTION (Novék et al. 2020). The sustainability of such aqua-

culture needs to consider the efficiency of breeding

Ornamental aquaculture is one of the primary processes (Rohmy et al. 2010) and the prevention of
sources of invasion by non-native species globally the inadvertent release of non-native species to
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avoid or mitigate adverse impacts (Yonvitner et al.
2020). Indonesia is one of the top suppliers of orna-
mental fish species globally (Akmal et al. 2020), and
the non-native Polypterus spp. (Actinopterygii: Polyp-
teriformes: Polypteridae) is widely traded there (Sat-
yani & Subamia 2009). Polypterus spp. were im-
ported into Indonesia for the first time in 1997
(described as introduced) (Diatin et al. 2015) and are
cultured extensively in outdoor facilities, like other
ornamental fish species (Putra et al. 2018, Markova
et al. 2020). Alarmingly, evidence suggests that Indo-
nesia's legislative regulations responsible for control-
ling invasive ornamental species are largely inef-
fective (Patoka et al. 2018).

The invasive potential of Polypterus spp., a noctur-
nal predatory fish, derives from aquarium studies
(Arnoult 1964) that characterized them as opportunis-
tic feeders, subsisting on insect larvae, shrimps, fish
and also on artificial feed when available. The high
intraspecific aggressiveness of their larvae ensures
wide dispersal. In addition, they exhibit hypoxia toler-
ance and early maturation, as observed in P. sene-
galus (spawning in the same year as when they
hatched; Schéafer 2004). Since Polypterus spp. can
breathe and obtain oxygen from the atmosphere, they
are very adaptable to low water aeration (Magid
1966). As Novék et al. (2020) noted, these fish have an
advantage in areas with low oxygen levels and can be
easily transported by humans to new localities. More-
over, Polypterus fishes are all carnivorous and capable
of terrestrial locomotion with predominantly nocturnal
activity (Du & Standen 2020). Thus, they seem to be
perfectly equipped as potential invaders. Despite this
assumption, there has been no published record of
Polypterus spp. in the wild outside of their native
range. However, Parenti & Soeroto (2004), in a report
primarily focused on native fish species, indirectly
stated that Polypterus spp. had been introduced to
Sulawesi through ornamental aquaculture.

Human-driven biological invasions cause homog-
enisation and loss of biodiversity with substantial
environmental and socio-economic losses (PySek &
Richardson 2010, Haubrock et al. 2022). Thus, it is
crucial to inform policy makers, stakeholders and
managers of the potential for biological invasions
and their possible adverse impacts to native biota
and whole ecosystems (Yonvitner et al. 2020). There-
fore, we decided to conduct a comprehensive study
in Indonesia on the culturing and related risks of
invasion of the African grey bichir Polypterus sene-
galus Cuvier, 1829, a species native to West Africa,
and test the hypothesis that it is present in Indone-
sian freshwaters.
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2. MATERIALS AND METHODS
2.1. Data collection

Records of Polypterus senegalus in Indonesian
freshwaters were collected between 1 April and
30 September 2021. An inventory of P. senegalus in
Indonesia was conducted by contacting ornamental
fish hobbyists, fish sellers, the Regional Fisheries
Agency and the Fish Quarantine Agency in Indone-
sia via telephone and WhatsApp. Findings indicating
the species’ presence were confirmed by data, photo-
graphs, and personal interviews with residents and
fishers. Certain selected localities in Java and Suma-
tra were sampled incidentally between 15 July and
30 September 2021 by fishermen using nets (in
Yogyakarta) and angling (hooks baited with pellets
and earthworms). All activities were carried out in
compliance with Indonesian laws and ethical rules
and warranted by Indonesian academic staff from
the IPB University. Data on domestic production and
trade, export and import were obtained from the Fish
Quarantine and Inspection Agency and the Ministry
of Marine Affairs & Fisheries of the Republic of In-
donesia. The trade amounts of P. senegalus in Indone-
sia were obtained from 2 e-commerce platforms,
Shopee (www.shopee.co.id) and Tokopedia (www.
tokopedia.com). Facebook (www.facebook.com) and
YouTube (www.youtube.com) have created plat-
forms with potentially valuable information about fish
invasion introduction pathways that were surveyed
for potential records of Polypterus spp. in Indonesia
(using Indonesian language).

2.2. Climatic similarity

Contemporary (1970-2000) climate data were down-
loaded at a spatial resolution of 10 arc-minutes from
the WorldClim dataset. Environmental layers of future
climate data (CSIRO A1B) were obtained from the
CliMond database (v.1.2, https://www.climond.org/)
at a spatial resolution of 10 arc-minutes. We calculated
19 bioclimatic variables for P. senegalus (Table 1).
These represented the average, extreme and variation
of temperature and precipitation and are widely used
in ecological niche modelling. Both datasets were as-
sembled in QGIS 3.14.16-n 'Pi' (https://qgis.org/en/
site/) to ASCII format for use with the MaxEnt algo-
rithm. The MaxEnt tool was chosen because it is one
of the best performing algorithms for presence-only
data. The model assesses the continued likelihood of
habitat relevance within the target area. Bioclimatic
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Table 1. Bioclimatic variables used in the variable selection
strategy to build a climate similarity model for Polypterus
senegalus in Indonesia

Code Bioclimatic variables

BIO1 Annual mean temperature

BIO2 Monthly mean diurnal range (max.
temperature minus min. temperature)

BIO3 Isothermality (BIO2/BIO7) (x100)

BIO4 Temperature seasonality (SD x100)

BIOS Max. temperature of warmest month

BIO6 Min. temperature of coldest month

BIO7 Temperature annual range (BIO5-BIO6)

BIO8 Mean temperature of wettest quarter

BIO9 Mean temperature of driest quarter

BIO10 Mean temperature of warmest quarter

BIO11 Mean temperature of coldest quarter

BIO12 Annual precipitation

BIO13 Precipitation of wettest month

BIO14 Precipitation of driest month

BIO15 Precipitation seasonality (coefficient of
variation)

BIO16 Precipitation of wettest quarter

BIO17 Precipitation of driest quarter

BIO18 Precipitation of warmest quarter

BIO19 Precipitation of coldest quarter

variables provide a statistical summary of the climate
within a set of static spatial variables that are appro-
priate for bioclimatic modelling. Climatic similarity
based on temperature characteristics was modelled
from a dataset of environmental layers and the
native range of P. senegalus using the MaxEnt pro-
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gram (v.3.4.1; https://biodiversityinformatics.amnh.org/
open_source/maxent) in order to test its environmen-
tal suitability. As a cumulative result, a continuous
map was created and visualised in QGIS 3.14.16-%
‘Pi'. If the climate suitability value reached or ex-
ceeded a certain threshold value, this was interpreted
as an absence of climate constraint on the survival of
the species and was indicated by a red area on the
map. MaxEnt was trained using all 19 bioclimatic
variables with default features and regularisation
multipliers (default model), which were based on em-
pirical tuning studies (Phillips & Dudik 2008).

3. RESULTS

The production of Polypterus senegalus in Indone-
sia has rapidly increased in recent years. The vast
majority of P. senegalus is pet-traded on the domestic
market, while a minor part is exported (Fig. 1) (e.g. to
the Czech Republic). Exports started to increase
towards the end of the survey period (Feb 2021).
Only a few hundred individuals are imported annu-
ally to improve the quality of broodstock (Fig. 1).
P. senegalus was found to be advertised for sale
across Indonesia in Bali, Bangka Belitung islands,
Java, Kalimantan, Lombok (West Nusa Tenggara),
Papua, Riau Islands, Sulawesi and Sumatra (Table S1
in the Supplement at www.int-res.com/articles/suppl/
q014p127_supp.pdf). The sellers included wholesalers,
retailers, large-scale and small-scale producers, and
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Fig. 1. Polypterus senegalus trade trend lines in Indonesia: individuals traded via export, import and domestic market per
month from January 2018 to February 2021
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the quantity of P. senegalus traded varied depending
on the type of seller. Wholesale, retail and large-scale
producers sell fish in large amounts (>50 individuals
per sale), while small-scale producers average <5 indi-
viduals per sale. In ornamental aquaculture in Indone-
sia, the species are mostly produced and stocked in
earthen ponds and concrete tanks which are con-
nected via outflow drainages with streams in the
vicinity.

Based on climate matching, the probability of
establishing feral populations of P. senegalus in new
localities was high given the vast suitable territory
in Indonesia (Fig. 2a). This estimation was confirmed
by 3 records of potentially established populations of
this species in the wild in the Bugisan and Code
Rivers in Yogyakarta, Java, and the Gedong Tataan
River and in one unnamed river in Pesawaran, Lam-
pung Province at the southern tip of Sumatra
(Fig. 2b,c, Table S1). Since various size classes of P.
senegalus were recorded, the populations found in
these rivers were considered to be potentially pros-
pering. Both wild and albino phenotypes were re-
corded (Fig. 2d) except in the Bugisan River, where
only the wild type was recorded (Table S2). Based on
personal information from local fishermen, there
were 3 more potentially established populations in
rivers in Central Kalimantan (East Kotawaringin:
GPS -2.344630, 112.884996; Katingan Regency: GPS
—2.424426, 113.314176; South Barito Regency: GPS
—2.022376, 114.906431), 2 in rivers in Java (West
Java: GPS -6.185917, 107.442926; Yogyakarta: GPS
-7.781657, 110.419273), and 1 in a creek in Lombok
(Keruak, East Lombok Regency, West Nusa Teng-
gara: GPS-8.743616, 116.460930; Fig. 2b,c). Additional
P. senegalus were reported via social media in Java
(see e.g. https://www.facebook.com/groups/pasiraner/
permalink/1844727202217504/?_rdc=1&_rdr; https://
mobile.facebook.com/groups/pasiraner/permalink/
1516380868385474/2sfnsn=wiwspwa&_rdc=1&_rdr;
https://www.youtube.com/watch?v=qiPqGZ1Txbs,
all links accessed on 25 March 2022) and identified
by visual inspection (both wild and albino phenotypes).
The statuses of all mentioned records need to be ver-
ified and further monitored via future field trips.

4. DISCUSSION

Based on the survey, we found Polypterus sene-
galus to be widely traded in Indonesia in huge quan-
tities. Even though the environmental risks and
probability of establishment are high, no local or
national regulations are applicable, and this species

66

can be owned, cultured and released everywhere
legally. Central policies (PermenKP/19/2020, previ-
ously PermenKP/41/2014) regulating ‘banned’ aquatic
species in Indonesia have never included P. sene-
galus or any species of the genus Polypterus. Indone-
sian policymakers consider P. senegalus not to be a
dangerous predator and do not plan to ban or restrict
its spread in the country. This situation is exacer-
bated by the increasing volume of domestic trade
and export of this species. Indonesian climatic condi-
tions are eminently suitable for P. senegalus, so it is
not surprising that the first potentially established
populations were recorded there. It is predicted that
more records from the wild will appear soon, and this
conclusion is supported by as yet unverified personal
information from local fishers and reports on social
media in Java, Kalimantan and Lombok islands.

Even though there is only one species with the
name ‘palmas’ (P. palmas), all Polypterus spp. have
been traded in Indonesia using the market name
‘palmas’. This creates confusion, and correct identifi-
cation of the species is difficult or impossible in many
cases. This inaccurate naming is suspected to have
occurred because the first fish were imported using
the P. palmas species name, after which all species in
the genus Polypterus were generalised as ‘palmas’.
For this reason, previously published reports on pro-
duction and trade of ‘palmas’ are misleading, includ-
ing that of the albino morph (Sobariah & Wiryati
2013). P. senegalus is very popular in Indonesia, and
it is likely that the majority of these albino fishes
belonged to this species.

P. senegalus invasion can cause losses to ecological
diversity mainly because of its predatory behaviour.
This nocturnal ambush predator preys on many types
of aquatic invertebrates and vertebrates (Ayoade et
al. 2018); thus, there is the potential for them to neg-
atively affect native faunal assemblages. Since
Indonesia incorporates 3 biodiversity hotspots with
many endemic species, the introduction of a new
predator could have devastating consequences. More-
over, P. senegalus serves as a host of several mono-
genean fish parasites of the genera Diplogyrodacty-
lus and Macrogyrodactylus (Pfikrylovda & Gelnar
2008). These parasitic flatworms attach to skin and
gills and can easily be overlooked and transported
via their host fish into the ornamental aquaculture
trade. In Indonesia, the domestic trade in ornamental
aquatic creatures is well-developed, and infested
species could be rapidly spread over the territory
through numerous routes (Yuliana et al. 2021). Since
production and trade volumes have rapidly in-
creased in recent years in Indonesia, the probability
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of both intentional release of unwanted P. senegalus
and unintentional escape of fishes has accordingly
become higher. In comparison with other Polypterus
species recorded as being traded as pets in Indone-
sia, the price of P. senegalus is much cheaper, and
owners are more likely to release these fish than
more expensive species.

Considering the potential risks and consequences,
a total ban on this fish in Indonesia seems a reason-
able solution at first sight. Nevertheless, the in-
creasing volume of intra- and international trade
suggest that the aquaculture of P. senegalus is too
popular and economically valuable for local produc-
ers to agree to such a restriction in Indonesia. It fol-
lows that any restrictions without effective education
of the general public about possible risks would be
ineffective and result in failure (Patoka et al. 2018).
Similar to what has been tried with other high-risk
species (Putra et al. 2018), one feasible solution
would be to switch production exclusively to the
potentially less-invasive albino variety. The albino P.
senegalus is popular in Indonesia, and its culture is
well-established and profitable (Rohmy et al. 2010,
Sobariah & Wiryati 2013) with both online and offline
markets in Indonesia, especially in Java and Suma-
tra. In comparison to pigmented individuals, albino
fishes can be easily detected by predators (Ellegren
et al. 1997), their social behaviour is abnormal
(Slavik et al. 2015), and they are more susceptible to
diseases (Miyamoto 2016). It can be hypothesized
that physiological and behavioural limitations re-
sulting in reduced reproductive potential may rep-
resent a lower risk for the native environment com-
pared to that of pigmented conspecifics.

In light of research on the consequences of albi-
nism in fish, it follows that the impact of albino
P. senegalus on the environment could be signifi-
cantly less than that of normally pigmented con-
specifics. This hypothesis has to be tested experi-
mentally before establishing mandatory regulations
leading to the banning of the wild phenotype in
preference to albinos in aquaculture in Indonesia.
Albino P. senegalus is still a non-native species,
but there has not been a unique albino popula-
tion found in Indonesia, and the reproduction/
establishment of P. senegalus, if it is to occur, is
more likely via the wild phenotype. If the invasive-
ness of this species can be significantly reduced by
the suggested regulation, it should have a positive
effect on wildlife conservation and less of a nega-
tive socio-economic impact on local communities.
For P. senegalus, this seems to be the most feasible
and effective strategy.
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6.6 The native range of Xenophthalmus pinnotheroides White, 1846
(Decapoda: Brachyura) predicted by climate matching with the first record
for Vietnam
Patoka J, Prokin A, Dinh CN, Tsvetkov A, Akmal SG, Petrtyl M, Blaha M.
2022. The native range of Xenophthalmus pinnotheroides White, 1846
(Decapoda: Brachyura) predicted by climate matching with the first record for
Vietnam. Biologia. 78:829-836. https://doi.org/10.1007/s11756-022-01287-1

Xenophthalmus pinnotheroides is a tiny subtidal marine crab found in the West
Pacific and Northern Indian Oceans. Its native range is poorly understood, but it is
known to occur from southeastern India to Japan and Southeast Asia. The first
record of this species in Vietnam has been reported. The native range of
Xenophthalmus pinnotheroides has been predicted by climate matching with the
first record for Vietnam. There are numerous fragmented localities with the largest
area in the shoreline of continental East Asia. Also, in Vietnam, where this crab was
recorded for the first time, a significant part of the territory seems to be suitable for
its existence. Moreover, various islands and islets such as the Indonesian Jamdena
and Trangan Islands close to New Guinea, the Indian Andaman and Nicobar Islands
and the Japanese Yaeyama Islands perfectly match in climatic conditions and thus
it is probable that populations of X. pinnotheroides will be found there. However,
all this modelled distribution should be verified by future.

The first record of the species in Vietnamese waters and prediction of its native
range based on climate matching analysis have highlighted the areas of its potential
occurrence. The confirmation of the species' presence in Vietnam through field
surveys is recommended. Although Xenophthalmus pinnotheroides is not exploited
by humans, degradation of suitable habitats by anthropogenic activities can
significantly threaten this species. Therefore, the first record of this species in
Vietnam is important for conservation efforts and understanding the distribution of

this species in Asia, especially in Indonesia.
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Abstract

Xenophthalmus pinnotheroides is a tiny subtidal marine crab from the West Pacific and Northern Indian Oceans. Its native
range is poorly documented, with few records from the wild. Although it is not exploited by humans, degradation of suitable
habitats by anthropogenic activities can significantly threaten this species. Here we bring the first record of the species in
Vietnamese waters and prediction of its native range based on climate matching analysis. The areas of its potential occur-
rence are highlighted and future confirmation through field survey is recommended. The present findings indicate the range

extension of X. pinnotheroides in Asia.

Keywords Asia - Crab - Macrozoobenthos - Mekong Delta - Occurrence - Xenophthalmidae

Introduction

The genus Xenophthalmus White, 1846 represents two for-
mally described species of tiny subtidal marine crabs: Xen-
ophthalmus pinnotheroides White, 1846 and X. wolffi Takeda
and Miyake, 1970. Other previously included species are
protonyms (see World Register of Marine Species, WoRMS,
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www.marinespecies.org): X. garthii renamed as Neoxenoph-
thalmus garthii (Sankarankutty, 1969); X. latifrons renamed
as Arcotheres latifrons (Biirger, 1895); and X. obscurus
renamed as Neoxenophthalmus obscurus (Henderson, 1893);
X. duplociliatus Sluiter, 1881 is nomen dubium. The genus
Xenophthalmus was considered previously in the family
Pinnotheridae, in the subfamily Xenophthalminae, and that
molecular (Palacios-Theil et al. 2009) and morphological
studies (Ng et al. 2008) proposed to move it to the present
location in the superfamily Ocypodoidea in its own family
Xenophthalmidae. Xenophthalmus wolffi is native in the Per-
sian Gulf with the coast of Pakistan in the Northern Indian
Ocean as the most eastward range extension; while X. pin-
notheroides ranges from the Japanese Archipelago through
the Philippine Islands, Indonesia, China, Hongkong, Gulf of
Thailand, Gulf of Martaban, and Gulf of Manaar in the West
Pacific and Northern Indian Ocean as the most westward
range extension (White 1846; Takeda and Miyake 1968;
Naderloo 2017; Yan et al. 2017). Both valid species of the
genus Xenophthalmus are tiny in size and inhabit intertidal
zones with a muddy substrate. At the present time, very little
is known about the biology, ecology and life requirements of
these crab species, with some anecdotal details such as serv-
ing as host for the commensal bivalve Arthritica japonica
Liitzen et Takahashi, 2003 (Goto et al. 2012).
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Tiny crabs are usually not exploited by humans with few
exceptions of ornamental purpose as in the case of Limno-
pilos naiyanetri Chuang and Ng, 1991 and related species
(Patoka et al. 2019). Even if there is no evidence about the
exploitation of crabs of genus Xenophthalmus, it cannot be
excluded in the future, especially in the marine ornamental
trade whose aquaculture sector is increasing in popularity
globally (Pouil et al. 2020; Akmal et al. 2020). In the case
of potential intensive capture, the wild populations can be
at risk of decline or extinction.

Therefore, the details filling the expected gaps in the
native range are crucial at this stage of our background infor-
mation related to these enigmatic crabs. It was decided to
survey selected localities in Vietnam where these crabs are
not known to occur and, based also on previously published
data, to prepare a climate matching analysis to predict their
distribution in Asia.

Material and methods
Study locality

Two localities in the South-western region in Vietnam were
surveyed in April 2019: the Mekong River tributary of Song
Cua Tieu in the Mekong Delta (GPS coordinates: 10.268325,
106.750452) and the mouth of Bassac River (GPS 9.500353,
106.221717; Fig. 1). In both localities, floating invasive
water hyacinths (Pontederia crassipes Mart) and a dense
colony of nipa palm (Nypa fruticans Wurmb) were observed
(Fig. 2).

Data collecting

Macrozoobenthos was sampled with a “Petit Poinar Grab,
All 316” (capture area 0.023 m?; two collections of sedi-
ments). Sediments were filtered through a sieve with a mesh
size of 200X 200 pm and all macroinvertebrates were pre-
served in 96% alcohol immediately for later determination.
The material has been deposited in the aquatic invertebrate
collection of the Papanin Institute for Biology of Inland
Waters of the Russian Academy of Sciences (Borok, Yaro-
slavl Oblast, Russia) and the crustacean collection of the
Department of Zoology and Fisheries at the Czech Univer-
sity of Life Sciences Prague (Czech Republic).

Morphological analysis

Relevant morphological characteristics of the tiny crabs
were compared with the formal description (White 1846)
and with a recent handbook (Dai and Yang 1991). Crab spe-

cies identification was also discussed with Professor Peter
Kee Lin Ng from the National University of Singapore.
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Fig.1 Map of Vietnam, with two localities with the occurrence of
Xenophthalmus pinnotheroides in Mekong and Bassac rivers indi-
cated by red dots

For imaging of the analysed specimen diffusible iodine-
based contrast-enhanced computed tomography (diceCT)
was used, following (Metscher 2009) and (Gignac et al.
2016). The specimen was fixed and preserved in 70% etha-
nol. Thereafter, the specimen was placed in a solution of 1%
iodine (I2) in 70% ethanol for 18 h and it was rinsed gently
in 70% ethanol prior the CT scan. To keep the specimen in
the sample holder, it was enclosed within a disposable tip
for adjustable pipettes with flame-sealed tip filled with 70%
ethanol. Scans were performed using a XT H 225 indus-
trial (Nikon Metrology). The scanning parameters were as
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Fig.2 Surveyed habitats in
Mekong Delta and Bassac
River: a floating invasive water
hyacinths (Pontederia cras-
sipes); b dense colony of nipa
palm (Nypa fruticans)

follows: isotropic voxel size of 5.2 pm, energy 60 kV, cur-
rent 142 uA, power 8.5 W, exposure 0.707 fps, 360° rotation
scan with 720 projections (8 frames per projection). Recon-
struction was performed using Nikon CT Pro 3D (Nikon
Metrology NV). Postprocess and final visualization of CT
images was performed using VG studio MAX 3.3 (Volume
Graphics, Heidelberg, Germany).

DNA analysis

DNA was extracted using E.Z.N.A.® Tissue DNA Mini
Kits (Peqlab, Erlangen, Germany). A fragment of mitochon-
drial gene Cytochrome c oxidase subunit I (COI), 12S and
16S rRNA were amplified using newly designed primers
(Table 1) applying protocol from Bldha et al. (2021) except
annealing temperatures. In addition, part of 16S rRNA was
amplified with primers 16S-L6 and NADHI1 (Schubart 2009;
Palacios-Theil et al. 2009, and protocols adapted from

Table 1 Primer sequences used for amplification with annealing tem-
peratures

Primer Sequence (5’ —3’) Annealing
temperature

COI-64 GCTTGAGCAGGAATAGTAGGAA 53

COI-574 AGATTGCGGTAATGAACACAGA

COI-553 TCTGTGTTCATTACCGCAATCT 53

COI-937 GCACGGCAATAATCATAGTAGC

125-13,417 TGAAAGCGACGGGCGATA 53

128-13,891  GGTGAAATTAGGTTGCTACTGT

16S-12,126 ~ ATTCAACATCGAGGTCGCAAT 53

16S-12,582  TTGTGGTTATAGAGAGTCTGGC

Palacios-Theil et al. 2016). Nuclear marker histone H3 and
28S rDNA were amplified using universal primers H3af and
H3ar (Svenson and Whiting 2004) and 28Srd1a and 28Srd4b
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(Edgecombe and Giribet 2006). PCR products were purified
with NucleoSpin® (Macherey-Nagel, Diiren, Germany) and
sequenced on an ABI automatic capillary sequencer (series
373; Macrogen, Seoul, Korea), using amplification primers.
Nucleotide BLAST web service (NCBI Resource Coordina-
tors 2016) was used to match particular sequences to the
crab species.

Climate matching analysis

Contemporary climate data were downloaded at a 10 arc-
minutes spatial resolution from the WorldClim dataset (Fick
and Hijmans 2017) and environmental layers of future cli-
mate data (CSIRO A1B) were obtained from the CliMond
database (v.1.2, https://www.climond.org/; Kriticos et al.
2012) at a 10 arc-minutes spatial resolution. We calculated
19 bioclimatic variables (Table 2); these represent the aver-
age, extreme and variation of temperature and precipitation
and are widely used in ecological niche modelling. Both
datasets were assembled in QGIS 3.22.2 ‘Biatowieza’ and
were released on 17.12.2021 (https://qgis.org/en/site/) to
ASCII format for use with the MaxEnt algorithm (Phillips
2005). MaxEnt was chosen because it is one of the best
performing algorithms with presence-only data (Elith et al.
2010). The model describes an area of the continued like-
lihood of habitat relevance in the target area. Bioclimatic
variables provide a statistical summary of the climate within

Table 2 Bioclimatic variables used in the variable selection strategy
to build a climate matching model

Bioclimatic variables

BIO1 Annual Mean Temperature

BIO2 Mean Diurnal Range (Mean of monthly max temp - min
temp)

BIO3 Isothermality (BIO2/BIO7) (x100)

BIO4 Temperature Seasonality (standard deviation x100)

BIOS Max Temperature of Warmest Month

BIO6 Min Temperature of Coldest Month

BIO7 Temperature Annual Range (BIO5-BIO6)

BIOS Mean Temperature of Wettest Quarter

BIO9 Mean Temperature of Driest Quarter

BIO10 Mean Temperature of Warmest Quarter

BIOI11 Mean Temperature of Coldest Quarter

BIO12 Annual Precipitation

BIO13 Precipitation of Wettest Month

BIO14 Precipitation of Driest Month

BIO15 Precipitation Seasonality (Coefficient of Variation)

BIO16 Precipitation of Wettest Quarter

BIO17 Precipitation of Driest Quarter

BIO18 Precipitation of Warmest Quarter

BIO19 Precipitation of Coldest Quarter
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a set of static spatial variables that are appropriate for biocli-
matic modelling. Climatic similarity based on temperature
characteristics was modelled from a dataset of environmen-
tal layers and the native range of X. pinnotheroides using
the MaxEnt program (v.3.4.1; https://biodiversityinformat
ics.amnh.org/open_source/maxent) to test its environmental
suitability. As a cumulative result, a continuous map was
created and visualized in QGIS 3.22.2 ‘Biatowieza’. If the
climate suitability value reaches or exceeds a certain thresh-
old value, this is interpreted as no evidence of a climate
constraint on the survival of the species and is indicated by
a red area on the map within the expected native range of
the species. MaxEnt was trained using all 19 bioclimatic
variables with default features and regularization multipliers
(Default model), which are based on empirical tuning studies
(Phillips and Dudik 2008).

For the distribution of X. pinnotheroides, all known GPS
coordinates were added (Online resource: Table S1). No
exact locality with GPS coordinates could be identified in
the Philippines, whereas in Indonesia, there are two pre-
viously published localities in which exact locations were
identified and added to the analysis: Jangkar (Situbondo,
East Java), and Sape Bay (Sumbawa, West Nusa Tenggara)
(Tesch 1918).

Results

There were 307 crabs collected at the locality in Mekong
Delta and 28 crabs in the Bassac River. Selected individuals
were analysed both morphologically and genetically.

The genetic analysis resulted in successful amplifica-
tion of all markers resulting in final length of COI frag-
ment 817 bp, 16S rRNA fragment 617 bp, 12S rRNA frag-
ment 452 bp, H3 fragment 372 bp, and 28S rDNA fragment
750 bp. Based on the DNA analysis, the species was identi-
fied as Xenophthalmus pinnotheroides which was supported
by morphological characteristics (Fig. 3). Haplotypes of par-
ticular genes were submitted to the GenBank database under
the accession numbers OP600577 (COI), OP603228 (16S
rRNA), OP603030 (12S rRNA), OP615944 (Histone H3)
and OM348529 (28 S). The nuclear marker 28S being the
first for this species, therefore Blast analysis did not match
our sequences with any sequence of X. pinnotheroides, while
the Histone H3 fragment was the same as the sequence of
X. pinnotheroides ON379803. The mitochondrial gene frag-
ments COIL, 16S rRNA and 12S rRNA matched with existing
sequences of X. pinnotheroides with 93% (COI NC063601),
94% (NC063601, EU934951), and 96% (NC063601,
ON379416) of similarity, respectively.

The density of crabs in the Mekong site was 6,643.5 ind.
m~2 with biomass 84.4 g m~2, and in the Bassac site 86.6
ind. m~2 and 2.21 g m~2. Discrepancy in these densities
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Fig.3 Collected Xenophthalmus pinnotheroides (male): dorsal view
(a), ventral view (b), lateral view (c¢)

and a very high value from the first mentioned site can be
caused by limited numbers of samplings and because the
crabs may form an aggregation from unknown reason. Fur-
ther monitoring is recommended in this regard. Some other
invertebrates were also collected at the same sites; in the
Mekong, the gastropod Tomlinia frausseni Thach, 2014,
undetermined gastropod species from the family Muricidae,
and the namanereid polychaete worm Namanereis sp.; and in
the Bassac, a polychaete worm from the family Capitellidae,
and an amphipod crustacean Grandidierella sp.

Based on the climate matching analysis, we presumed
the native range of X. pinnotheroides (Fig. 4). There are
numerous fragmented localities with the largest area in the
shoreline of continental East Asia. Also, in Vietnam, where
this crab was recorded for the first time, a significant part of
the territory seems to be suitable for its existence. Moreo-
ver, various islands and islets such as the Indonesian Jam-
dena and Trangan Islands close to New Guinea, the Indian

Andaman and Nicobar Islands and the Japanese Yaeyama
Islands perfectly match in climatic conditions and thus it is
probable that populations of X. pinnotheroides will be found
there. However, all this modelled distribution should be veri-
fied by future fieldwork and lab taxonomic work.

Discussion

We recorded X. pinnotheroides for the first time in two sites
in Vietnam, which is the first record of the mentioned spe-
cies in this country. These populations filled a gap in the
distribution of this species in Southeastern Asia. Within
recent years, the Mekong delta and its surroundings, where
these crabs were recorded, have been heavily impacted by
anthropogenic stresses, such as upstream dam construction
and sand mining, leading to riverbank and shoreline erosion,
progradation and sediment deposition (Besset et al. 2019;
Nardin et al. 2021), and microplastic pollution (H'fmg et al.
2021). Therefore, increasing our knowledge about faunal
assemblages native to this region has merit, allowing pos-
sible overlapping to conservation practices.

Correct identification of this tiny crab species is crucial
for its monitoring in the wild and despite the morphologi-
cal analysis, one of the most suitable methods is genetic
analysis. The species in the present study was identified by
morphological analysis and reference sequences of mtDNA
and nuDNA genes (COI, 16S rRNA, 125 rRNA, H3 and
28S rDNA) were obtained and shared for later use by other
authors using these methods including detection by meta-
barcoding environmental DNA (eDNA; Komai et al. 2019).

Since this tiny crab is easily overlooked in the local
fauna in many sites, climate suitability can suggest where
its occurrence can be expected. This method is commonly
used in such predictions (Yonvitner et al. 2020; Kuljanish-
vili et al. 2021). Based on our output, the vast majority of
suitable habitats in the West Pacific and Northern Indian
Ocean were highlighted as habitable by X. pinnotheroides.
Tropical shorelines, the suitable habitat as documented by
our records in Vietnam, are usually colonized by mangroves
(Fagherazzi et al. 2017).

The effect of climate shift on this crab distribution is
expected with expansion of its range especially in the
southern Yellow Sea and the northern East China Sea (Xu
et al. 2022). It should be noted that based on the analysis of
climatic conditions, certain localities, where this crab was
previously recorded at the turn of the 19th and 20th centuries
in Indonesia and within the 1960-1970s and a single record
from 2003 in Australia, were evaluated as not currently suit-
able for its occurrence most probably due to climatic shift.
These localities and the presence of the crab therefore should
be verified and monitored via future field trips.
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Fig.4 Map of the native range of Xenophthalmus pinnotheroides
with predicted areas of its occurrence: red colour indicates areas
where X. pinnotheroides is expected; white dots show presence loca-

Even if there is currently no evidence of exploitation
of this species for ornamental purposes, it is worth men-
tioning that tiny marine animals or their specific life stages
can be transported via this pathway also as “hitchhikers”
(Patoka et al. 2020). The vast majority of marine organ-
isms used for ornamental purposes are collected from the
wild (Akmal et al. 2020). Therefore, some individuals of X.
pinnotheroides could be harvested unintentionally together
with fish and invertebrates traded as ornamentals and
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transported internationally over geographic boundaries in
marine aquaria.

Since new regions of the potential existence of X. pin-
notheroides were suggested by climate matching analysis,
the native range should be redefined after future detailed
monitoring which is recommended in this regard. Inas-
much as this xenophthalmid crab is not listed in The IUCN
Red List of Threatened Species www.iucnredlist.org, and
its population structure, stability and trends still remain
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poorly studied, further investigation and evaluation are
required.

Supplementary information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11756-022-01287-1.
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6.7 Foreign stingers: South American freshwater river stingrays Potamotrygon
spp. established in Indonesia
Jerikho R, Akmal SG, Hasan V, Yonvitner, Novak J, Magalhdes ALB,
Maceda-Veiga A, Tlusty MF, Rhyne AL, Slavik O, Patoka J. 2023. Foreign
stingers: South American freshwater river stingrays Potamotrygon spp.
established  in  Indonesia. Scientific ~ Reports 13, 7255 (2023).
https://doi.org/10.1038/s41598-023-34356-9

A recent study published in ‘Scientific Reports’ reports that South American
freshwater river stingrays, Potamotrygon spp., have been established in Indonesia
since the 1980s. The culture of these stingrays is unregulated in Indonesia, and there
is a risk of their establishment and potential spread. Potamotrygonidae is a family
of Neotropical freshwater fishes that are found in rivers in tropical and subtropical
South America. The family includes river stingrays or freshwater stingrays, which
are cartilaginous fishes related to sharks. Potamotrygonidae is different from the
family Dasyatidae, which includes freshwater stingrays in Africa, Asia, and
Australia.

The establishment of Potamotrygon spp. in Indonesia can have potential
ecological impacts, as the culture of these stingrays is unregulated in Indonesia, and
there is a risk of their establishment and potential spread. The first case of
envenomation caused by Potamotrygon spp. in the wild outside of South America
was recorded, which is alarming for wildlife. The Brantas River in Java, where an
established, self-sustaining population of non-native Potamotrygon spp. was found,
also recorded a South American giant arapaima (Markova et al., 2020). This is a
Biodiversity Conservation Paradox because both mentioned taxa are present in the
same river. The pet trade is known to be one of the most important pathways of
aquatic non-native species introduction, and Indonesia is a significant trade partner.
The culture of potamotrygonid stingrays is unregulated in Indonesia, and the risk
of the establishment of this predator and its potential spread is alarming for wildlife.

Non-native fish species may exert negative ecological impacts.
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Foreign stingers: South American
freshwater river stingrays
Potamotrygon spp. established

in Indonesia

Rikho Jerikho?, Surya Gentha Akmal?, Veryl Hasan?, Yonvitner?, Jindfich Novak?,
André Lincoln Barroso Magalhaes*, Alberto Maceda-Veiga®, Michael F. Tlusty®,
Andrew L. Rhyne’, Ondrej Slavik® & Jifi Patoka'™

The pet trade is known to be one of the most important pathways of aquatic non-native species
introduction and Indonesia is a significant trade partner. Popular ornamental South American

river stingrays (Potamotrygon spp.) were introduced to Indonesia in the 1980s and the culture was
established. Here we present a detailed Indonesian market and aquaculture survey, the volume of
trade between January 2020 and June 2022, and the list of customer countries with the total amount
of imported stingrays. Climate similarities between the native range of P. motoro and P. jabuti and
Indonesia were analysed. A significant number of areas of Indonesian islands were identified as
suitable for the establishment of this species. This was confirmed by the first record of probably
established populations in the Brantas River (Java). In total 13 individuals including newborns were
captured. The culture of potamotrygonid stingrays is unregulated in Indonesia, and the risk of the
establishment of this predator and its potential spread is alarming for wildlife. Moreover, the first case
of envenomation caused by Potamotrygon spp. in the wild outside of South America was recorded. The
current condition is predicted as the ‘tip of the iceberg’ and continuous monitoring and mitigation of
risks are strongly recommended.

Biological invasions cause extensive environmental and socio-economic losses worldwide'=. The invasive spe-
cies tend to have wide adaptability to different environmental conditions (e.g. wide temperature adaptability
and oxygen requirement)*. Ornamental aquaculture and the related pet-trade industry are important sources of
non-native species given the quantity and diversity of species cultured and transported across the globe>~. The
producers, traders, garden pond vendors and aquarium owners have been responsible for many introductions
of ornamental creatures, some of which have established self-sustaining populations as invasive species'®-'3.
Even if policymakers aim to mitigate biological invasion risks by regulating the pet trade, there are examples of
failure'*"® including up to seven years after the species was banned for sale'.

Since most of the species exploited in ornamental aquaculture are thermophilous (i.e., warmth-loving spe-
cies)®, the most vulnerable regions threatened by putative invasions are the tropics (documented by several
examples of introduced ornamentals)>'7-%°. These introductions may also lead to the “Biodiversity Conservation
Paradox” which occurs when aquarium species that are endangered in their native range will behave as invaders
when introduced elsewhere such as the giant arapaima or pirarucu (Arapaima gigas) in Indonesia®'.
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Another popular large aquarium fishes are the South American freshwater stingrays from the genus Pota-
motrygon (family Potamotrygonidae, subfamily Potamotrygoninae)?*-2%. Despite the high price, these stingrays
are sold as ornamentals because they are attractive and easy to keep in captivity*>?. Ornamental fishing for
more than four decades in Amazon catches these stingrays”. The genus Potamotrygon is the most diverse?>*.
The popularity of Potamotrygon spp. also stems from being the only elasmobranchs completely adapted for liv-
ing in a freshwater environment as well as their reproductive mode, described as matrotrophic viviparity***.
The first record of an established introduced potamotrygonid population elsewhere out of the native range was
in Singapore where the ocellate river stingray (Potamotrygon motoro (Miiller & Henle, 1841)) was recorded in
2009%. From all potamotrygonids, P. motoro is the most widespread species occurring in most freshwaters in
South America, including the Amazon, Mearim, Orinoco, Parana-Paraguay, and Uruguay basins including most
regions of Brazil®.

Potamotrygonins represent an important part of the Neotropical freshwater ichthyofauna and are collected in
the wild and overharvested in some regions in South America such as Brazil, Peru, Colombia, Venezuela?**3-%>.
From about 42 species of the family Potamotrygonidae®, only seven species are newly fully protected by CITES
Convention. Following amendments implementation of CITES CoP 19, Potamotrygon albimaculata, bigtooth
river stingray P. henlei, P. jabuti, white-blotched river stingray P. leopoldi, P. marquesi, Parnaiba river stingray P.
signata and P. wallacei were included in Appendix II of the Convention, valid from 23 February 2023 (NOTIFI-
CATION TO THE PARTIES, Secretariat of the Convention on International Trade in Endangered Species of Wild
Fauna and Flora (CITES), No. 2023/015, Geneva, 10 February 2023, cites.org). Moreover, followed populations
are classified in Appendix III: The Colombian populations of discus ray Paratrygon aiereba, thorny river stingray
Potamotrygon constellata, Magdalena river stingray P. magdalenae, ocellate river stingray P. motoro, smooth back
river stingray P. orbignyi, rosette river stingray P. schroederi, raspy river stingray P. scobina, and Maracaibo river
stingray P. yepezi, and the Brazilian populations of Potamotrygon spp. not included in Appendix II. Certain local
populations of selected species from Colombia (Paratrygon aiereba, Potamotrygon constellata, P. magdalenae, P.
motoro, P. orbignyi, P. schroederi, P. scobina, and P. yepezi), and Brazil (Potamotrygon spp.) are listed in CITES
Appendix C in European Union (Commission Regulation (EU) No. 2021/2280 of 16 December 2021 amending
Council Regulation (EC) No. 338/97 on the protection of species of wild fauna and flora by regulating trade
therein, and Commission Regulation (EC) No. 865/2006 laying down detailed rules concerning the implementa-
tion of Council Regulation (EC) No. 338/97). The amendment of the European Annexes to Council Regulation
(EC) 338/97 is currently in process. In total, many of formally described species of five genera of Neotropical
freshwater stingrays still remain not protected by the Convention and their proposals to CITES were rejected
due to insufficient trade and population status data®.

Unfortunately, the regulations and restrictions are ineffective in many cases (in part also for the aforemen-
tioned reasons) and these stingrays are traded illegally®®. Since they are economically valuable fishes (more than
68,000 of wild-collected individuals were exported from Brazil in 2003-2016; WCS Position Statement CITES
CoP17—]Johannesburg, South Africa 2016), their commercial culture was established in many countries in
Asia®. One of the leading producers and exporters of ornamental aquatic species is Indonesia®*”*, Regarding the
tropical climate in this region, numerous non-native ornamental aquarium species have established new popu-
lations there after accidental or deliberate introduction!"'71%2!3%, Despite the exported shipments, ornamental
animals are also traded in huge quantities via domestic markets'**°. While regulations for the management of
non-native fish species and their associated trade exist*!, the current legislative framework is mostly ineffective
in this regard'*. Thus, there is a pressing need to predict the most vulnerable habitats to invasions by ornamental
aquarium species.

The goal of this study is to inform the invasion potential of the very popular South American freshwater
stingray Potamotrygon spp. in tropical regions such as Indonesia. Given that the spread of invasive species of
ornamental origin in Indonesia is likely, we surveyed the trade evidence and screened the online market for the
presence of stingrays for sale and natural waters through local fishermen for the location of potentially already
established invasive populations to address the risks they pose for the native environment, biota, and humans.
Since the climate is among the major factors explaining the successful establishment of invasive ornamental
fish species*>**, we used species distribution models with climatic variables to predict the regions of Indonesia
potentially vulnerable to this invasion.

Results

Domestic trade. In total, 66 online sale offers of Potamotrygon spp. (advertised as P. motoro) were recorded
in Indonesia (Java, Sumatra and Bali) within January 2022. Fish were offered for 700,000-20,000,000 IDR (47.8-
1365.9 USD) per individual in quantity 1-100 individuals. The stores are located on the islands of Java, Sumatra
and Bali. The price depends on the colouration patterns and size of the offered individual (10-36 cm in disc
diameter). The albino phenotype has never been recorded in Indonesia. The local name in Bahasa Indonesia
is ‘Pari Motoro. Moreover, there are also other species of the genus Potamotrygon offered via pet trade in this
country such as the white-blotched river stingray (P. leopoldi). These stingrays are produced in local farms in
Indonesia (Fig. 1).

Climate matching. Climate matching analysis showed a high probability especially for P. motoro and P.
jabuti to become established in Indonesia when introduced to new localities (Fig. 2a,b). Individuals that were
found were observed to fit perfectly with the predicted suitable areas. Populations of P. motoro and P. jabuti can
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Figure 1. Local farm in Cirebon City (West Java) where ornamental fish including Potamotrygon motoro and P.
leopoldi are produced in huge quantities.

be expected as potentially well-established in Java, Bali, and Nusa Tenggara, and some in Sumatra, Kalimantan,
Sulawesi, Maluku Islands and Papua.

Records in the wild. In total, 13 individuals of Potamotrygon spp. (three morphologically identified as P.
motoro, six as P. jabuti) were captured by local fishermen using ‘Ayap’ (traditional fishing gear which is similar
to big bottom barless dipnet but made from bamboo; the mesh size ranged from 2 to 8 cm; the fisherman use
the Ayap from riverbank when the water level is high or during flood, holding it in the water and waiting for fish
drifting into the Ayap; when fish where stuck in the net, fisherman lift the Ayap and the fish are caught), angling,
castnet, and gillnet in the Brantas River, East Java Province (Fig. 2c, 3, Table 1). Also, newborns and a gravid
female of P. jabuti were recorded and thus, reproduction is occurring. The furthest distance between findings
was more than 40 km. The voucher specimen was identified as Potamotrygon motoro.

The voucher specimen (P. motoro, adult male, total body length 370 mm, disc width 230 mm) was caught on
28 November 2021 using Ayap and kept in an aquarium by a local angler (Fig. 4a). In concordance with previously
published morphological analysis*, disc was sub-circular with small tips on the anterior margin. Eyes bulging
dorsally and relatively large (4% DW). Dorsally covered with tricolour ocelli (Fig. 4d), evenly distributed. The
central region of the dorsal disc presents large irregular shapes due to unidentified derm disease (Fig. 4a,b).
Pelvic fins are present over the posterior margin of the disc. The tail is relatively short, thick, and punctured on
the posterior margin of the sting. One row of curved tail spines with a large base (Fig. 4c). Dermal denticles are
present on the dorsal region of the disc and tail, various sizes covered on the disc, but larger denticles present
on the central region of the disc, star-shaped denticles with dichotomous ridges present in large denticles, small
denticles often with monochotomous ridges or x’ mark-shaped denticles. The ventral disc is whitish with a
black and grey irregular shape across the central region, outer margin covered with dark-grey colouration. This
voucher specimen is deposited in Museum Zoologicum Bogoriense (MZB), Java, Indonesia, under the coll. No.
MZB.26608.

Type habitats of P. motoro and P. jabuti in the Brantas River system consist of three areas as the main stream
(Brantas River), floodplain, and irrigation canals connected to Brantas River. Water discharges of the main river
correlated with dam activity in the upper stream. The connectivity of the floodplain and the main river will be
greatly increasing if the water level of the main river was increased. The water discharge in irrigation canals
fluctuated following the water level on the reservoir at Njegu Dam and Serut Dam.

We have conducted a rapid qualitative assessment of the habitats in the Brantas River. The Brantas River
considers resembling native habitats based on qualitative descriptions of climate (tropic), substrates, and type
habitats. The presence of a floodplain and connectivity between the main river and floodplain provides diverse
habitat ranges. Muddy and sandy substrates provide similar niches for foraging and burying activities*. The
habitats in the main river consisted of lacustrine (reservoir) and riverine region (river). Individuals in the lacus-
trine region (upper stream of Njegu Dam and Serut Dam) were found in areas with mud substrate sporadically
covered with leaf litter. Records in the riverine region were found in boulder, pebble, sand, and mud substrates.
The voucher specimen was collected on the shore of the riverine region with sand and mud substrates (depth
of approximately 0.5-1.5 m). The depth of the main river varies and the observed water clarity range between 0
and 15 cm (wet season). In several sections of the main river, there were observed submerged deposits of sand
and pebbles.

The floodplain habitats are located near the main river in the Brantas River system. The gravid female of P.
jabuti with four neonate individuals and one adult male were caught in floodplain habitats. Water depth tends
to be shallower (0.5-1.0 m) than the main river and mud dominate the type of substrates. Submerged aquatic
plants dominate the edges of the floodplain.

Irrigation canals are connected to the reservoir in the upper stream of the Brantas River. Water clarity tends
to fluctuate following reservoir activity (water level, drifted substrates, flood, and dam activity). The majority of
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Figure 2. Map derived from the MaxEnt model (v. 3.4.4, https://biodiversityinformatics.amnh.org/open_
source/maxent/) for the possible establishment of Potamotrygon motoro (a) and P. jabuti (b) in Indonesia.
The red colour indicates areas suitable for establishment due to climatic similarity with the native range. The
white dots show locations used for model training (a); the red dot indicates the Brantas River where the first

potentially established population in Indonesia was found (c); detail of East Java Province with the Brantas River
(d).
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Figure 3. The Brantas River, the locality of a potentially established population of non-native Potamotrygon
spp. in Java, Indonesia.

Species Individual(s) | Date GPS Sex Size Personal inspection
Potamotrygon sp. 1 07 Nov 2021 —8.153374, 112.204180 Male Subadult | Yes
Potamotrygon sp. 1 15 Nov 2021 —8.153284, 112.217016 Female Adult Yes
Potamotrygon sp. 1 22 Nov 2021 -8.110967, 112.095229 Male Subadult | Yes
Potamotrygon motoro | 1* 28 Nov 2021 -8.1177073, 112.0732019 | Male Subadult | Yes
Potamotrygon sp. 1 29 Nov 2021 —8.145205, 112.252589 Female Subadult | Yes
Potamotrygon motoro | 1 30 Nov 2021 —8.1522527,112.2709947 | Female Adult Yes
Potamotrygon sp. 1 2 Dec 2021 Uncertain Female Subadult | No
Potamotrygon jabuti 1 8 Dec 2021 —8.0890841, 111.9960106 | Female Adult Yes
Potamotrygon jabuti 4 8 Dec 2021 —8.0890841, 111.9960106 | Unknown | Neonate | Yes
Potamotrygon jabuti 1 31 Dec 2021 —8.1176183, 112.0728518 | Female Subadult | Yes
Potamotrygon motoro | 1 17 March 2022 | —8.1176183, 112.0728518 | Female Subadult | Yes

Table 1. Records of Potamotrygon spp. in Java, Indonesia: species (all of them traded as P. motoro), quantity
(individuals(s)); date (D/M/Y); GPS coordinates; sex (male/female/unknown); size (neonate/subadult/adult);
personal inspection (yes/no). The voucher specimen is indicated by an asterisk.

Figure 4. (a) Potamotrygon motoro captured in Java, Indonesia: Voucher specimen TL 370 mm, DW 230 mm,
left (dorsal view) and right (ventral view); (b) irregular shape of dermal denticles on voucher specimen (60 x);
(¢) tricolour ocelli on voucher specimen; (d) curved tail spines on voucher specimen.
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Figure 5. Trade with advertised Potamotrygon motoro in Indonesia: import, export, and domestic trade within
the period from January 2020 to June 2022.
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Figure 6. Export of 27,777 individuals traded as Potamotrygon motoro from Indonesia within the period from
January 2020 to June 2022 with the indicated number of individuals delivered to each customer country.

substrates are covered by mud and some others are covered by plants and rock. The canal edges were engineered
with concrete and rock. There were no confirmed records of Potamotrygon spp. in this habitat. On the other hand,
local fishermen stated that ‘plenty of small stingrays’ are often seen in the irrigation canals (Lodagung canals).
Align with a precautionary approach, we considered this type of habitat as potentially invaded.
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Year | Month Import | Export | Domestic trade
January 74 0 0
February 298 0 2
March 1 0 0
April 47 0 0
May 251 0 25

2020 June 294 0 10
July 152 0 124
August 304 0 1
September | 316 0 29
October 402 0 3
November 165 0 8
December 16 0 13
January 0 0 16
February 47 0 3
March 101 1 41
April 246 0 602
May 101 0 3

2021 June 81 0 5
July 35 640 9
August 143 2845 31
September 102 2995 8
October 61 1627 12
November 47 2195 9
December 1 800 40
January 30 1780 3
February 199 3262 0

2022 March 42 4545 4
April 102 3617 0
May 27 1695 0
June 218 1775 0

Sum 3903 27,777 1001

Table 2. Indonesian trade in Potamotrygon motoro (probably more species are traded under the same name)
within the period from January 2020 to June 2022 (based on the statistical evidence of Fish Quarantine and
Inspection Agency, Ministry of Marine Affairs and Fisheries Republic of Indonesia).

Brantas River basin is a national strategic river basin playing a vital role in driving Indonesia’s economy. The
Brantas River is the second-longest river (320 km) on the island of Java and crosses the province of East Java.
The upper stream of the Brantas River originates from several mountains and springs around the highlands in
East Java. The Brantas River flows through various plantation lands, and paddy fields, and is one of the sources
of raw material for drinking water in most areas in East Java. Connectivity between main rivers and irrigation
canals is located upstream, middle, and downstream. Potamotrygon spp. were recorded in the middle (Blitar
Regency and Tulungagung Regency) of the Brantas River.

The diets of non-native Potamotrygon spp. in the Brantas River are only known from an interview from
local anglers. Several anglers use worm bait (Lumbricus spp.) and shrimps (Macrobrachium spp.) for fishing the
Potamotrygon spp. The voucher individual was kept in indoor aquarium for several days and had been fed by
shrimps and fish (meat-pieces of Barbonymus spp. and Oreochromis spp.).

Anthropogenic activities in the surveyed area were observed to be diverse and intense. The activities of fisher-
men, recreational fishing and sand mining were observed in the central part of the Brantas River. These activities
are associated with the direct use of water bodies and overlap with the localities of Potamotrygon spp. records.
Sand mining activities have been carried out in the main river with shallow sand substrates, where Potamotry-
gon spp. were commonly found (for example, locality from confirmed individuals on 22 November 2021 and
31 December 2021 are approximately 50 m from the sand mining site). During the survey of this locality, one
fisherman who was stung by a captured P. jabuti was found. The fisherman was hospitalized for two days after
being stung two times (in the left and right forearms). The fisherman described the pain as ‘worse than being
stabbed by a dagger’

International trade. Of all P. motoro traded globally, Indonesia imported 2,717 individuals (5.4%), while
122 of them (2.0%) were exported (based on Importer/Exporter-reported quantity of CITES data). Indonesia
does not report any trade in P. motoro to CITES, hence the need to shift focus from exporter to importer-
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reported data. Between 2017 and 2021, across the globe, all globally reported 5998 P. motoro were traded, while
exporters reported 50,401 were traded. This discrepancy carries through to all Potamotrygon species where
importers reported 14,868 were traded (2017-2021) while exporters reported 127,489 individuals in the trade
(based on data from Fish Quarantine and Inspection Agency (FQIA), Ministry of Marine Affairs and Fisheries
Republic of Indonesia).

Data from the Indonesian trade analysis based on data from the Fish Quarantine and Inspection Agency,
Ministry of Marine Affairs and Fisheries Republic of Indonesia present a different scenario. In total, 3903 indi-
viduals of P. motoro were imported within the period of January 2020 to June 2022 from Thailand, Taiwan, China,
Malaysia, India, and Colombia (the majority of 3525 individuals were from Thailand) and 27,777 individuals were
exported to 25 countries (with 7660 individuals delivered to Japan; Figs. 5, 6). Furthermore, 1001 individuals
were traded domestically. The first P. motoro were imported to Indonesia via trade routes from South America
by fish entrepreneurs in the 1980s. The first exported individual was delivered to Qatar in March 2021, the largest
export was recorded in March 2022 when 4,545 individuals were shipped to 12 countries (Table 2).

Discussion

In Indonesia, an established, self-sustaining population of non-native Potamotrygon spp. was found in the Brantas
River, Java. This same river also recorded a South American giant arapaima?'. Obviously, this is what is called
a Biodiversity Conservation Paradox*® because both mentioned taxa are endangered in their native ranges, but
are becoming invasive.

Indonesia has broad ranges of freshwaters from peat water to blackwater (similar to Negro River in low acidity
and a huge river system*’) in Sumatra and Kalimantan (Indonesian part of Borneo) to white-transparent water
in three zoogeography areas®. The rivers in Borneo and Sumatra are also habitats of native freshwater stingrays
(Fluvitrygon spp. and Urogymnus polylepis)**°. The occurrences of freshwater stingrays (despite different genera
and families, potentially similar in their physiology) indicate the potential suitability of natural habitats for to
be invaded in the future.

Besides escapes from home aquaria and farms, “Fang Sheng” rite, and pest control'”*!, a new pathway of
non-native species introduction is worth mentioning: affluent people intentionally release expensive animals
to demonstrate their wealth and power. There is no clear evidence about the Potamotrygon spp. introduction
pathway in the Brantas River. Humans value non-natives for a wide range of reasons-aesthetic, culinary, or
diverse cultural reasons, among them, financial/social status®'. With globalization, the trend is that the number
of rich Indonesians will increase in the future and thus, maintain the cultural tradition of releasing expensive
non-native animals.

Even if climate matching analysis is a preliminary estimation, it showed that the vast majority of Indonesian
territory is suitable for further establishment of P. motoro, P. jabuti, and other potamotrygonin species. Since
aquatic ornamental creatures are known to be transported across the Indonesian territory in huge quantities, it
is not surprising that P. motoro and P. jabuti are becoming established. The Brantas River resembles native sting-
ray habitats based on qualitative descriptions of climate (tropic), substrates, habitat types, and food resources.
Muddy and sandy substrates provide similar niches for foraging and burying activities**. The presence of a
floodplain and connectivity between the main river and floodplain provides diverse habitat ranges. The record
of gravid female at the floodplain confirmed that Potamotrygon spp. can use this habitat as nursery ground in
the Brantas River. The distribution of Potamotrygon spp. was recorded across the floodplain and main river. This
stingray is able to overcome artificial barriers (found in three locations separated by artificial barriers such as
Upperstream Njegu Dam, Downstream Njegu Dam-Upperstream Serut Dam, and Downstream Serut Dam). It
is likely that stingrays crossed the barriers during flood events. A similar situation occurred with introduced P.
motoro and P. falkneri in Jupid Dam, Upper Parana River basin, Southeastern Brazil, attesting to the ability of
stingrays to overcome artificial barriers such as hydro power plants®.

Potamotrygon spp. are a nocturnal predatory fish®’. The interview-based evidence of broad range of food
preferences of recorded non-native Potamotrygon spp. have slight similarity with the stomach content of P.
motoro in Negro River. It is known that younger individuals inhabit mostly sandy bottoms of depth no more
than four meters while bigger ones migrate between deeper waters during the day and shallow areas at night*
but we have no exact data confirming or denying this behaviour also in Indonesia. Because the pigmented and
well-camouflaged wild phenotype only is traded in Indonesia and because of burrowing activity, detection of
Potamotrygon spp. by fishermen and collectors could be difficult. Simply, this species, for having a cryptic colour-
ing, can be easily neglected by locals at least until its abundance will be high. On the other hand, once detected,
it can be targeted according to its high price.

There are no native species in Indonesia which can be able to mate with this non-native stingray. On the
other hand, negative impacts on native biota and also the local community can be expected. They are regarded
by native people in the Amazonia as venomous fishes™ and responsible for frequent stings and the envenoma-
tion has also occasionally been reported by aquarium traders and owners®-8. Especially venomous species can
threaten naive animals and can easily hurt fishermen and all laypersons who will handle these stingrays which
is supported by the record of envenomation. For instance, stingray accidents are considered a public health
problem in Brazil **. Most of the injuries caused by fish in the country involved freshwater stingrays, especially
from the Potamotrygonidae family, and the most affected people are fishermen, who are handling these animals
daily, and bathers (children and adults), especially during the dry season in Amazonia, Paraguay and Lower
Parand river basins (i.e., native range)*“®'. Moreover, accident data in these regions is underestimated because
most fishermen do not report or even go to the hospital; some fishermen get used to be frequently sting. In the
non-native range (i.e., Upper Parand River basin), stingray envenomation appeared over the past 20 years. An
important natural barrier—the Seven Falls of Guaira (Parana State, Southern Brazil)—served as a natural barrier
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preventing species of the Lower Parand River to colonize regions of the Upper Parand River. However, with the
creation of the Itaipu hydroelectric dam in 1982, these falls were submerged, allowing the movement of several
fish species upstream, including freshwater stingrays that are taking advantage of locks installed at the dam to
expand their distribution area®?. In the Upper course of the Parané River, injuries are reported by inhabitants
and also tourists in municipalities of Mato Grosso do Sul, Parana and Sao Paulo states, who are often unaware
of the presence of these non-native animals in the area®. As is our knowledge, this is the first case of envenoma-
tion caused by Potamotrygon spp. in the wild outside of their native and non-native locations in South America.
Such a situation is alarming because Potamotrygon spp. can reach populated areas, where most inhabitants are
unaware of how to prevent accidents and to treat wounds they may cause. If we consider the existence of numer-
ous properties by hotels and the intense practice of fishing/tourism activity in the region of Brantas River and
throughout the country, it is expected that the negative interaction between humans and Potamotrygon spp. will
be more intense, causing important changes in epidemiological profiles of envenomation in Indonesia. Further
potential encounters between Potamotrygon spp. and humans are highly probable and imminent also due to sand
mining and fishing in the reported localities in the Brantas River.

Moreover, harmful consequences can be expected due to the predatory feeding behaviour of Potamotrygon
spp. Diet analysis showed that aquatic invertebrates such as molluscs (both gastropods and bivalves), crustaceans
(mainly shrimps from family Palaemonidae), insects (mainly Ephemeroptera and Diptera) and vertebrates such
as fish are consumed®*®. Also, the foraging behaviour of Potamotrygon spp. can impact the native fauna. Several
species of rays forage disturb the substrate, also known as bioturbation®*’, with the use of a tactic we termed
“undulate the disc and stir substrate” to uncover insect larvae, crabs, snails and small fish®. This activity stirs the
substrate particles and discrete sediment clouds are formed near the foraging ray®. These clouds can catch the
attention of nearby rare Akysis variegatus, endangered Rasbora lateristriata, protected Notopterus notopterus and
tadpoles of the vulnerables Microhyla orientalis and Gonocephalus kuhlii that approach the ray to feed and thus,
it can prey on them’®”!. Freshwater stingrays can also change the diet preferences according to the prey avail-
ability in different hydrological seasons. Indeed, this easy adjustment for the available resources can be the main
advantage in competition for food with native aquatic organisms. Furthermore, competition for utilizing food and
space with native benthic organisms (such as Hemibagrus sp. and Mastacembelus sp.) is predicted if the popula-
tions of Potamotrygon spp. explode. Thus, it is obvious that this invader can negatively affect rich Indonesian
aquatic biota in general and native, rare, protected, endemic, endangered, and vulnerable species in particular.
In line with no predators of potamotrygonin species in their native range®, it is also a main problem for these
invasive organisms in Indonesia because the control of their populations by native predators is really difficult.

Several parasites such as Digenea, Nematoda and Cestoda are known in Potamotrygon spp.”>”. Also, branchi-
uran fish lice Argulus juparanaensis was found to infest P. motoro in its native range”*~"°. Therefore, the parasitic
infection of native/endemic species cannot be excluded in the case of Potamotrygon spp. spread in Indonesia.

The popularity of various species of Potamotrygon as an ornamental fish in Indonesia is obvious because
it is produced in significant quantities. In the early part of this species’ history in Indonesia, some individuals
were imported from Malaysia and India. The current list of customer countries is wide with Japan, Malaysia and
Germany as leaders. No individuals were delivered to the Czech Republic even if this country is perceived as one
of the leading producers and traders of ornamental fish globally*””77%. This is probably caused by the significant
production of Potamotrygon spp. by domestic breeders in the Czech Republic (Datbujan, H., 2022 pers. comm.).
It is obvious that the formal evidence of traded P. motoro in Indonesia is undervalued by CITES and the real
volume of the trade is much higher. This discrepancy in trade evidence increases the potential for P. motoro and
similar species to be invasive in Indonesia.

What is alarming, the current Indonesian legislative framework is ineffective in preventing the future intro-
ductions of this freshwater stingray to new localities and islands across the Indonesian territory**. Thus, without
significant improvement in the management and regulations, the spread of Potamotrygon spp. in Indonesia can
be expected to be unlimited for ongoing years. As Reynolds et al.* mentioned, detailed surveys of the trade with
potamotrygonids are required for future proposals for CITES listing and we believe that the presented findings
can be helpful in this regard.

Presented records align with the habitat use of native potamotrygonids at the Parand River Basin*’. Generally,
potamotrygonids can adapt to broad ranges of physiochemical parameters” and we assume that this ability is
crucial in case of invasion in the Brantas River. Further spread of these species is thus expected and the locality
has to be monitored continuously and complemented by physical-chemical parameters measurements. The
current condition is predicted as the ‘tip of the iceberg’ invasion event. Thus, continuous monitoring is recom-
mended for this species. Therefore, we emphasize the importance of training health professionals near risk areas,
as well as reporting accidents through a kind of “Information System for Notifiable Diseases” as it is carried out
in Brazil®'. According to Brazilian experience, it is reccommended to remove fragments, wound cleaning, and
immersion of the injured limb in hot water for pain relief (approximately 60 °C—due to the heat-labile proper-
ties of some of the toxins in the venom and the vasodilation caused by the hot water helps to counter the intense
vasoconstriction and resulting ischemia induced by the venom), antibiotics to prevent bacterial septicemia,
gangrene, tetanus, local anaesthetic, and systemic analgesics. Prevention of introductions is the first and most
cost-effective management option for the Indonesian aquarium trade. Intensive awareness of importers, whole-
salers, retailers, aquarium hobbyists and the general public about why releasing non-native freshwater stingrays
is risky for native biota, and why releasing in wild could become a public health problem is crucial. Pamphlets
combined with lectures, as well as the dissemination of information through the media, social networks like
Facebook, Twitter, Instagram, and WhatsApp and warning signs in places of intense tourism/agglomeration
of people showing that it is necessary to drag the feet or use a stick or paddle to grope the substrate in order to
blows away any freshwater rays are measures that can be effective in preventing the number of accidents by rays
in different parts of Indonesia.
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Last but not least is to focus on other species of the genus Potamotrygon which are offered for sale as orna-
mental creatures in Indonesia and evaluate their invasion potential and their ability to cause harm to people’s
health. Additional effort should be placed on the other tropical countries that produce Potamotrygon species.

Methods

Data collection was carried out after the first author received non-formal information from social media regard-
ing the presence of stingrays in the Brantas River, Java (Fig. 2d). An in-depth online desk study was conducted
following?! in several mass-media and social media outlets (Facebook’, www.facebook.com; Instagram’, www.
instagram.com). A survey including direct observations was carried out in December 2021 by inventorying
stingray findings in the Brantas River (Blitar and Tulungagung Regency). Interviews with locals were conducted
using the snowball method to qualitatively identify the impact of the invasion on human activities around the
Brantas River. In total, 75 people (local non-fishermen who live near the river/locality: such as farmers, ‘tam-
bangan’ people, i.e. person who utilized/organized traditional boat-bridge, local shop keepers; local fishermen:
anglers, fishermen) were asked about the occurrence/locality of Potamotrygon/freshwater stingray, and only less
than 10 providing the specific information about freshwater stingray. Informed consent was obtained from all
interviewed people. If possible, individuals observed during the survey were documented and preserved using
96% alcohol. Authors complied with the ARRIVE guidelines. All methods were performed in accordance with
the relevant guidelines and regulations. All methods, experiments, protocols, and survey were approved by the
ethics committee of Centre for Coastal and Marine Resources Studies at the Bogor Agricultural University (IPB;
No. 17/1T3/PL/2012).

Trade information was based on an online survey obtained from two e-commerce platforms (Tokopedia’,
www.tokopedia.com; Shopee’, www.shopee.co.id). Keywords in Bahasa Indonesia and English (pari, pari air
tawar, motoro, pari motoro, pari hias, pari black diamond, stingray, stingray motoro, pari marble) were generated
and applied to search engines in each platform. The result from each keyword was screened based on the quality
of photographs, stock availability, reliability and track record of the stores. The filtered result was synthesized
into data and qualitatively described.

The MaxEnt model (v. 3.4.4, https://biodiversityinformatics.amnh.org/open_source/maxent/), a maximum
entropy model that is ideally suited to mapping species distributions is commonly used to predict alien species
dispersion® since it represents a continuous probability surface of habitat suitability in the target region!*181:82,
This model consists of bioclimatic variables that are characteristics derived from monthly temperatures and
rainfall data that reflect yearly patterns, seasonality, and extremes that are crucial for species survival. Bio-
climatic factors from the WorldClim database were used to simulate species distribution (v.2.0; https://www.
worldclim.org)®® with a spatial resolution of 30 s (~ 1 km?). The distribution pattern of aquatic species and
environmental factors, particularly temperature, have been discovered to be related”®*. These environmental
layers were assembled in QGIS 3.24 “Tisler’ and released on 13 May 2022 (https://qgis.org/en/site/) to ASCII
format for use with the MaxEnt algorithm®’. We calculated nine bioclimatic variables for both P. motoro and P.
jabuti (Table 3), these represented the average, extreme and variation of temperature and precipitation and were
widely used in ecological niche modelling. MaxEnt was trained using all nine bioclimatic variables with default
features and regularization multipliers (Default model), which was based on empirical tuning studies®. As the
cumulative output, a continuous map was generated and visualized in QGIS 3.24 ‘Tisler. The MaxEnt model
output a threshold value for P. motoro=12.74 and P. jabuti=16.32. If the value of the climate match reached or
exceeded this threshold, this was interpreted as no evidence of climatic constraints to the survival of the species
and was shown in red on the map. The value for the area under the receiver operator curve (AUC) for P. motoro
was 0.981 and for P. jabuti, was 0.982 which means there was a 98% probability for both species that a random
selection from presence records had a model score greater than a random selection from the absence records®>.

The trade analysis includes a detailed survey of evidence of the domestic market in Indonesia and main
customer regions such as Europe with the Czech Republic as a hub®”””. Data from the Czech Environmen-
tal Inspectorate, (www.cizp.cz), CITES (https://trade.cites.org/) and Fish Quarantine and Inspection Agency
(FQIA), Ministry of Marine Affairs and Fisheries Republic of Indonesia were obtained for this purpose and
further interpreted.

Bioclimatic variables

BIO1 Annual mean temperature

BIO2 Mean diurnal range (Mean of monthly (max temp — min temp))
BIO3 Isothermality (BIO2/BIO7) (x 100)

BIO4 Temperature seasonality (standard deviation x 100)
BIO5 Max temperature of warmest month

BIO6 Min temperature of coldest month

BIO7 Temperature annual range (BIO5-BIO6)

BIOY Mean temperature of driest quarter

BIO10 Mean temperature of warmest quarter

BIO11 Mean temperature of coldest quarter

Table 3. Bioclimatic variables used in the variable selection strategy to build a climate similarity model for
Potamotrygon motoro and P. jabuti introduced in Indonesia.
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The species identification of captured individuals was based on morphological analysis and comparison
with the latest morphological study*>*. Morphological characteristics were measured using a calliper (accuracy
0.1 mm) and microscope images (Dino-lite AM2111). All captured individuals were exploited by the local com-
munity as ornamentals or for human consumption with the exception of a voucher specimen.

Data availability
The datasets used and analysed during the current study available from the corresponding author on reasonable
request.
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7. SUMMARY DISCUSSION

The presented findings revealed the increasing numbers of non-native and
invasive aquatic species in Indonesia which are introduced via various pathways.
Many of them have a high invasion potential and pose a serious threat to native
biota and human communities. Human activities have largely impacted the
environment and its biota to extend that biodiversity declines can be seen
worldwide. The trade of marine ornamental fish in Indonesia began in the 1960s,
and more than 280 types of marine ornamental fish are traded for export purposes
(Sinansari and Priono, 2019). The trade gate is centralized at Jakarta and Bali,
probably because both places have access to the United States and Europe, thus
becoming shelters center for exporters. The value of the world's marine ornamental
fish trade from year to year continues to increase, and Indonesia's rank as one of the
exporting countries of ornamental fish increases as well (Sinansari and Priono,
2019). However, there are challenges in the development of the marine ornamental
fish business, such as community behavior in marine ornamental fish catching that
damages the ecosystem (Syafei and Sudinno, 2018).

Further details about the most important finding on the vulnerability status of
the coral ecosystem in Kepulauan Seribu Marine National Park, Indonesia is that
based on the findings, islands were classified as high-vulnerable (64%), moderate
vulnerable (19.6%), and low vulnerable (16.07%). This information is crucial for
the management and conservation of the coral ecosystem in the park. The study
provides baseline coral disease data in the Kepulauan Seribu Marine National Park,
and previously only one type of disease (White Syndrome, WS) has been reported.
The vulnerability assessment of ecological conditions in Seribu Islands, Indonesia,
is important to identify the factors that contribute to the vulnerability of the coral
ecosystem, such as human activities, climate change, and natural disasters. The
study highlights the need for effective management and conservation strategies to
protect the coral ecosystem in the park and maintain its ecological functions and
services.

Why is it important to study marine ornamental fish sales and coral
vulnerability? Because of the interconnectedness of the spread of alien species

through unforeseen pathways, they can become hitchhikers to reach areas outside
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their native range, and of course human intervention is one of the main reasons
(Nijman et al., 2022b). Invasive alien species can enter Indonesian waters through
international trade, such as the import of ornamental fish, or they can be
accidentally introduced into Indonesian waters through ballast water discharge, hull
fouling, and other human activities, and can also enter Indonesian waters through
natural dispersal, such as ocean currents and migration (Ascensdo and Capinha,
2017; Giovos et al., 2019; Patoka et al., 2016a; Patoka and Patokova, 2021;
Rothlisberger et al., 2010). To prevent the introduction of harmful alien species into
Indonesian waters, the government has implemented regulations to restrict the
import of certain species. The Ministry of Marine Affairs and Fisheries is also
working to control and manage invasive alien species in Indonesian waters.
Biological invasions significantly contribute to these processes. The
introduction of many aquatic species into new habitats has been recorded to be
invasive and later threatened the native species present in that habitat (Patoka et al.,
2016¢; Yanuarita et al., 2020). In Indonesia, local/native fishes are threatened by
the increasing number of alien species introduced, mostly for aquaculture and
aquarium purposes (Akmal et al., 2020; Kennedy et al., 2020; Palmtag, 2017). The
introduction of non-native species in Indonesia has been facilitated by the
government in the development of aquaculture that was carried out before the 1900s
(Handayani et al., 2021). The most successful invasive alien species in Indonesia
are ornamental cichlids and sailfin catfish, which frequently inhabit lakes and rivers

(Fig. 2).
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Figure 2 The sailfin catfish that successfully invaded a river in Yogyakarta,

Indonesia. A) The habitat introduced by sailfin catfish. B) Sailfin catfish that was

captured from the river.
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There is limited information on whether the number of invasive species in
Indonesia is increasing or not. However, some sources suggest that invasive species
are a growing concern in the country. In 2014, at least 2,809 foreign animals, plants,
and microorganisms were introduced into Indonesia, according to the Ministry of
Environment and Forestry (Satriastanti, 2015). The spread of invasive, non-native
mynas is partially or largely driven by the massive trade in these species as
songbirds (Pysek et al., 2020).

Despite the growing concern, Indonesia has taken some actions to control the
introduction of alien flora and fauna. National regulations to control the
introduction of alien flora and fauna include Act No. 5/1990 on conservation of
biological diversity and its ecosystems. The government has also published a
guidebook to invasive species in Indonesia. Additionally, there are ongoing efforts
to raise awareness and develop capacity for the management of invasive alien
species in the country.

Indonesia is facing issues related to invasive non-native species that are
adversely affecting its biodiversity. However, the education of the general public
about the risks related to the release of non-native species is poor in Indonesia. The
legal framework on aquatic alien species in Indonesia should be developed as a
basic role to the risk analysis and certification system. Here are some relevant points
from the research:

a. The introduction of non-native species in various parts of the world
negatively impacts biodiversity and the existence of native and endemic
species.

b. Invasive species can cause great economic and environmental harm to the
new area.

c. Invasive species are almost always spread by human activity, such as
tourism and trade.

d. The increase in activities like tourism and trade have meant people and
goods can move all over the planet, and they often take invasive species
with them, accidentally or intentionally.

e. Invasive species can cause the extinction of endemic bird species and put

coral reef ecosystems at risk.

96



f. The education of the general public about the risks related to the release of

non-native species is poor in Indonesia.

To address this issue, Indonesia should focus on developing a legal framework
on aquatic alien species and increasing public awareness about the risks associated
with the release of non-native species. This can be achieved through various means
such as public campaigns, educational programs, and workshops. It is important to
note that the introduction of non-native species can have severe consequences on
the environment and the economy, and it is crucial to take necessary measures to

prevent their spread.
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8. CONCLUSIONS

This dissertation is a collection of publications focusing on the above-discussed

risks associated with aquatic invasive species, including the results of prediction

models, and can therefore serve as a basis for the development and implementation

of measures to minimize these risks. The results contained in this dissertation may

assist in the compilation of a list of non-native invasive species that significantly

impact Indonesia, on the basis that the listed species should be prioritized for

monitoring and their trade and import into Indonesia should be restricted or

prohibited. The challenges in implementing potential solutions for controlling the

spread of Aquatic invasive species in Indonesia include:

a.

Lack of effective regulations: There are no effective regulations of
introductions and exploitation of this aquatic invasive species in Indonesia,
which can lead to its further spread to new localities.

High invasive potential: aquatic invasive species is considered an intruder with
high invasive potential, capable of causing biodiversity homogenization, at
least at a local level. This makes it difficult to control its spread and manage
its impact on native biota.

Culture and trade: Aquatic invasive species is considered valuable for
producers and traders, and its culture and release to inland waters in Java and
Sulawesi is undesirable and risky to biodiversity. The pet trade and
aquaculture industry can also contribute to the spread of this species.

Limited research: Research related to the spatial distribution and dispersal
patterns of invasive species in Indonesia, in general, and of invasive crayfish,
in particular, has not been widely carried out. This limits the understanding of
the species' behavior and the development of effective management strategies.
Lack of public awareness: Public awareness of the risks associated with the
introduction and spread of invasive species is limited in Indonesia, which can

hinder the implementation of effective prevention and management measures.

Addressing these challenges will require a collaborative effort among

government agencies, researchers, industry stakeholders, and the public to develop

and implement effective regulations, management strategies, and public education

programs. The authors and team also established a robust cooperation with
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government, stakeholders, university colleagues, and NGOs to continuously
disseminate our research findings. Cooperation with senators in the Regional
Representative Council of the Republic of Indonesia, Ratu Hemas of Yogyakarta,
the Sulawesi Keepers, the Indonesian Crayfish Research Group, and others is our

starting point for long-term sustainability.
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9. NON-IMPACTED OUTPUTS OF THE AUTHOR
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Authors: Yonvitner, Isdradjad Setyobudiandi, Yunizar Ernawati, Zairion,
Ali Mashar, Surya Gentha Akmal.

ISBN: 978-602-440-273-0

Published by: IPB Press Publisher
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Published by: LIPI Press Publisher
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Papers in the scientific journal:

a.

Yonvitner, Yuliana E, Yani DE, Setijorini LE, Nurhasanah, Santoso A, Boer
M, Kurnia R, Akmal SG. 2020. Fishing gear productivity related fishing
intensity and potency of stock vulnerability in Sunda strait. IOP Conf. Ser.:
Earth Environ. Sci. 404 012066. doi:10.1088/1755-1315/404/1/012066
Akmal SG, Adrianto L, Yonvitner. 2020. The spatial vulnerability of
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Yonvitner, Boer M, Akbar H, Akmal SG. 2020. Kerentanan Bycatch Tuna
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10.7160/sab.2022.530203

Contribution in the Proceedings:
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Yonvitner, Yuliana E, Yani DE, Setijorini LE, Nurhasanah, Santoso A, Boer
M, Kurnia R, Perdinan, Agus SB, Akmal SG. 2021. Effect of silent tsunami
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