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Abstract. Pterapogon kauderni, also known as Banggai cardinalfish (BCF), is a popular high demand
ornamental fish prevalent in Banggai Regency, Central Sulawesi Province, Indonesia which increase the
catch process and cause the P. kauderrni specified in IUCN as a threatened species, with an estimated
population decline of 90%. There are other factors that possibly endanger this population, such as the
degradation and alteration of marine ecosystems, species susceptibility to predator, environmental
change and the relatively limited size distribution. A major effort preventing P. kauderni extinction
involves the adoption of conservation measures. This is because the fish exploitation is perceived as
irrepressible, in terms of the socio-economic factors of the surrounding community in its endemic area
Banggai. In this context, Indonesia is committed to conservation and related researches in ensuring
adequate sustainability for this species. As a result, the need for data is important in relation to
determining the status, trends and various similar researches. Literature reviews on P. kauderni provide
channels to ascertain the extent of the research. This review assesses the research trends of P. kauderni,
including the topic, applied methods, introduction status as a non-native species from trade activities
either intentionally or unintentionally presented for cultivation purposes, progress of conservation efforts,
and future risks potentially threatening aquatic survival. The evaluation of previous researches help to
identify and characterize key aspects of the species’ conservation process as well as detect vital
information gaps for future considerations. A systematic review method was subsequently adopted in this
research, while Google Scholar, Semantic Scholar, and Scopus served as databases to eliminate barriers
to language differences in publications. The data analysis results showed that various research on P.
kauderni have been conducted, which provided relevant conservation policies and recommendations.
Poor collaboration with international researchers and language factors are possible hindrances to future
development of this species. Furthermore, the data variations were due to inadequate standards and
values necessary for a significant impact in research results. Conversely, researches on the effects of
introductions in non-native areas and the local ecology are currently very limited.
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Introduction. Pterapogon kauderni is a major endemic species initially found only in
Banggai Regency, Central Sulawesi Province, Indonesia (Koumans 1933; Mabuchi et al
2014; Kuiter & Kozawa 2019). Locally known as Banggai cardinalfish (BCF), capungan
Banggai or bebese tayung, the fish distribution appears limited to 34 out of 67 islands in
Banggai Archipelago, with a habitat area covering 23 km? (Vagelli & Biondo 2017).

P. kauderni was originally discovered by Kaudern during an expedition in Banggai
and subsequently stored in the Netherland Museum (Vagelli 2011). The scientific nhame
“Pterapogon kauderni” was formulated by Koumans in 1933, as the only genus of
Pterapogon from Apogonidae family. This species gained wide popularity in 1995 after
the rediscovery by Allen during a Banggai expedition (Allen & Steene 1995), and
subsequently became a major high demand ornamental fish. As a consequence, the
exploitation process was considered very alarming, and was incorporated in IUCN as a
threatened species (Allen & Donalson 2007). There has been a decline in the fish
population estimated at 90%, according to current evaluation (Vagelli & Biondo 2017;
Ndobe et al 2018b). Additional risk factors were also observed, including degradation and
alteration of marine ecosystems, species susceptibility to predator and habitat change,
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and its relatively limited distribution (Wibowo et al 2019). Also, the low larval dispersion
ability is among the crucial reasons for the endangered status. Several populations
reportedly experienced extirpation (Vagelli & Biondo 2017; Ndobe et al 2020; Moore et al
2021), although P. kauderni was not included in CITES in the two submitted proposals. A
major trigger is the socio-economic factor of the surrounding Banggai community highly
dependent on its trade benefits. Indonesia is obliged to engage conservation and related
investigations aimed at ensuring natural sustainability. Diverse researches have been
conducted on P. kauderni species, since its popularity in the mid-'90s. The results were
published variously, such as journal articles, books and conference proceedings.
Therefore, the need for relevant data in formulating conservation measures appears very
significant, in terms of identifying the status, trends and similar analysis attempts.

This research investigates available literature targeted at the research trends of P.
kauderni from its initial description (Koumans 1933) and rediscovery (Allen & Steene
1995) to become one of the currently preferred commercial aquarium species. The
research review areas include the topic, applied methods, introduction status as a non-
native species from trade activities either accidentally or intentionally presented for
cultivation purposes, progress of conservation efforts, and future risks potentially
threatening the fish survival. Therefore, the assessment of previous research provides an
opportunity to identify and characterize key aspects of P. kauderni conservation as well
as to detect the main information gaps for future research directions.

Method. This research review employed the systematic method from Moher et al (2009)
and Pickering & Bryne (2014). Google Scholar, Semantic Scholar, and Scopus were used
as the databases between May-July 2021 to host publications and gray literature in
Indonesian and global. Based on the endemic nature of P. kauderni, several types of
research were published in Indonesian which were not detected in other sources, due to
the language barrier. The search keyword encompassed "Pterapogon kauderni”,
“Pterapogon kauderni Indonesia”, as well as “Capungan Banggai". Furthermore, the
papers cited in the review articles and book of Conant (2015), Direktorat Konservasi Dan
Keaneka Ragaman Hayati Laut (2016), Ndobe et al (2018b), and Conant (2021) were
revised to ensure the inclusion of all relevant materials. This research was performed in 2
steps:

) The database search results were filtered depending on the mentions or
information on P. kauderni or Banggai Cardinalfish or Capungan Banggai, ornamental fish
trade and conservation;

an Figure 1 shows the processes of identification, screening and assessment for
eligibility as well as the final paper. The complete article was then downloaded and
reviewed after screening, followed by the classification into two groups, termed "in" for
articles on P. kauderni as the main topic and "out" for duplicate and less relevant pieces.
Most publications only engaged P. kauderni species as an introduction or comparison and
not as the main discussion topic.

In extracting available data, the required information includes the authors, title,
publication year, main topic, research method, country, research area, authorship and
language. The main topic section comprises several subsets, such as morphology,
reproduction, population, growth, behavior, habitat, introduction status, disease and
predation, conservation status, genetics, as well as captive breeding. Subsequently, the
databases were analyzed to establish patterns, trends, and research gaps. This is
followed by the use of Microsoft Excel to thoroughly examine the resulting data and
generate a summarized sample based on publication trends, research topics and
methods.
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Figure 1. PRISMA diagram summarizing the numbers of papers included/excluded
(Moher et al 2009).

Results

Research timeline and location. This research analyzed a total of 112 articles on P.
kauderni between 1933-2021. The first sample was published in 1933 by Peter Koumans
(Koumans 1933) and subsequently gained wider popularity in 1995 after rediscovery by
Allen & Steene (1995), while the recording of publications commenced from 1999 (Vagelli
1999). Based on the research area, the species was relatively localized, due to its
endemic nature, where around 63 papers (56.3%) originated from Indonesia. America
holds the second largest research publication on P. kauderni with a contribution of 24
articles (21.4%), followed by Europe (France, Spain, Sweden, Switzerland, UK and
Netherland) 12.5%, Asia (India, Iran, Japan, Malaysia, and Thailand) 5.4%, Australia
2.7%. The remainder is shared between countries in North America, specifically Canada
1.7%, as represented in Table 1 and Figure 2a. Furthermore, at initial publications
between 1999-2004, external attempts outside Indonesia were dominated by the US,
Sweden, Australia, UK, and Canada, while internal engagements commenced in 2005,
with an annual increasing trend. As a consequence, Indonesia became the most
predominant in subsequent years, with majority of the articles from Central Sulawesi
region (Banggai Regency) estimated at 22 or 35.5%. This was followed by Jakarta
17.7%, and South Sulawesi 12.9%, while other locations contributed below 10%, as
presented in Table 2 and Figure 2b.
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Figure 2. Number of research based on location: a. global; b. Indonesia.

Table 1
Proportion of the global research locations

Country Number Percentage (%)
Australia 3 2.7
Canada 2 1.7
France 1 0.9
India 2 1.8
Indonesia 63 56.3
Iran 1 0.9
Japan 1 0.9
Malaysia 1 0.9
Spain 2 1.8
Sweden 7 6.3
Switzerland 1 0.9
UK 2 1.8
USA 24 21.4
Thailand 1 0.9
Netherlands 1 0.9
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Table 2
Proportion of Indonesian research locations

Region Total publication Percentage (%)
Maluku 1 1.6
Bali 4 6.5
North Sulawesi 6 9.7
West Java 2 3.2
Central Sulawesi 22 35.5
Jakarta 11 17.7
Southeast Sulawesi 1 1.6
South Sulawesi 8 12.9
East Java 6 9.7
West Nusa Tenggara 1 1.6
Total 62 100.0

Trends and composition of publication. Captive breeding topics or the optimization in
captive conditions dominated the research on P. kauderni (17.9%, n = 20), followed by
management and conservation (15.2%, n = 17) as well as trade (10.7%, n = 12).
Despite its initial publication in 1933, intensive research on this species commenced in
1999, with focus on reproductive patterns, behavior, habitat, trade, and population until
2003. The research on the optimization of captive breeding and conditions, as well as
genetics commenced in 2004 before management and conservation in 2008. In addition,
the greatest increasing trends were reported in successive years. This is related to
Indonesia's follow-up after the proposal to include P. kauderni in CITES in 2007 was
subsequently withdrawn (Vagelli 2008; Ndobe et al 2012; Ndobe & Moore 2013; Ndobe
et al 2013d; Soehartono & Mardiastuti 2020) (Figure 3).
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Figure 3. Trend and composition of the publications on P. kauderni.

The research publication on disease started in 2009 after discovering pathogen-related
deaths in virtually all specimens, on a particular trade routes to US from 2003-2005
(Weber et al 2009). These investigations on diseases, parasites, and predation began to
experience a growing trend in successive years. Introductory publications were briefly
discussed as a comment on the introduction of P. kauderni in Lembeh Strait (Vagelli &
Erdmann 2002). Subsequent publications, observed less research on this species,
particularly in terms of introduction, except in 2007 (Moore & Ndobe 2007), but only
increased in 2019. In general, research efforts on P. kauderni have expanded
considerably in recent years. The average publication until 2017 occurred around 1-9
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publications per year, but jumped to 16 in 2019, followed by a decrease to 12 the next
year. Meanwhile, only four articles were available from the start of 2021 up to this
current data collection. Figure 4 shows the possibility of a continuous increase until the
end of the year.
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Figure 4. Trend on the number of publications over the years.
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Figure 5 provides a graphical representation of the data collection method. Based on the
illustration, P. kauderni research activities were mostly conducted in the laboratory
(36%, n = 40),mainly in terms of its optimization under captive conditions, life history
(reproduction, behavior, and disease), as well as genetics. The research in the form of
desk research (34.2%, n = 38) primarily discussed conservation management and trade
trends. Meanwhile, field investigations (21%, n = 24) were predominantly focused on
habitat, population, added species, behavior and trade data. The remaining 9% (n = 10)
was a combination of data collection in the field, laboratory and desk research, suitable
for comprehensive researches that comprised multiple primary research/main topics, and
relatively minimal management and conservation subjects.

method/aproach

Combination

» Desk study
s Field
Labor &orium

Combinaion

Figure 5. The data collection method.

Figure 6 represents the number of publications based on article type. According to the
illustration, journals were significantly predominant (62.5%, n = 70), followed by
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conference proceedings (17.86%, n = 20), and other types such as books (4.46% n =
5), bulletins (4.46% n = 5), reports (4.46% n = 5), and reviews (4.46% n = 5), as well
as dissertation (1.79%, n = 2). This proportion showed that journal articles was the main
publication choice for the research on P. kauderni. However, conference proceedings
were also relatively large, particularly in terms of preliminary researches, developments
in conservation activities and several recommendations from previous analyses.
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Figure 6. The number of publications based on article type.
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Figure 7 represents the publications with author collaborations. Based on the chart, 2 co-
authors dominated from a total of 35 papers, followed by a single author as well as 3, 4
and 5 co-authors or more.
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Figure 7. Number of publications with single or different joint authorship (note: 1 =
single author; 2 = two co-authors; 3 = three co-authors; 4 = four co-authors; 5 = five or
more co-authors).

Total publication

Meanwhile, in the joint authorship trend in Figure 8, journals with 1 or 2 authors were
most prevalent until 2010. There has been an increasing trend for the number of authors
above 2, since 2011, with potentially high progression on yearly basis. This shows that
the collaboration above 2 authors is becoming very extensive, compared to single status.
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Figure 8. Publication distribution with single or different joint authorship over the years
(note: 1 = single author; 2 = two co-authors; 3 = three co-authors; 4 = four co-
authors; 5 = five or more co-authors).
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Figure 9 shows the proportion of publications from a single author as well as
collaborations from similar and separate countries/regions. The research on P. kauderni
by co-authors in a particular country/region had the most occurrence (68%, n = 76),
followed by single author (20%, n = 23) and collaborations overseas (12%, n = 13).
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Figure 9. Publication distribution in terms of collaboration.

Figure 10 shows the collaboration trend across various categories. This distribution
increases over time, specifically in a given country/region, where the author engages
with local universities, government agencies, non-governmental organizations (NGOSs).
However, no significant change in trend was observed in single authorship. This condition
appears similar to alliances across country/region, which peaked in the earlier era (2004)
and has consistently ranged between 0-2 publications per year until 2009.
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Figure 10. Publication distribution in authorship across different categories in terms of
collaboration over the years.

Local research in Indonesia. In a total of 63 research publications on P. kauderni in
Indonesia, about 50.8% (n = 32) were based in English. Meanwhile, the remaining
49.2% (n = 31) employed the native language, with the average covering practically
every field. Several types of research focused on the population and habitat of the
sample species across diverse locations in Banggai, since 2005 (Ndobe & Moore 2005).
The earliest attempts on similar fish population within the regency started in 2001 by
foreign researchers (Lunn & Moreau 2002; Vagelli & Erdmann 2002). Intensive analysis
on population conditions was also conducted between 2006-2011 by various government
organizations and local NGOs (Moore et al 2011; Ndobe et al 2013d). Routine monitoring
was also carried out in 2012 and 2017/2018 (Wiadnyana et al 2020), as well as in 2019
(Ndobe et al 2020). However, the publications commenced in 2007 during the
introduction of fish populations in several locations outside the endemic areas, including
Lembeh Strait and Palu (Makatipu 2007; Moore & Ndobe 2007). Various related
investigations led to the optimization of captive breeding and further researches on
conservation management. Indonesia started focusing on the importance of conserving
microhabitats since 2012, specifically diadema urchins and sea anemones, commonly
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harvested by the surrounding community and fishermen from 2004 (Ndobe & Moore
2008; Moore et al 2012, 2020).

Since 2007, additional intensive research began to concentrate on the introduction
sites of P. kauderni, both in population (Ndobe & Moore 2008; Carlos et al 2015; Arbi et
al 2019; Huwae et al 2019; Kusumawardhani et al 2019; Putra & Putra 2019; Wibowo et
al 2019), life history in terms of reproduction and growth (Ndobe et al 2013a; Mogontha
et al 2020) and genetics (Rondonuwu et al 2020). Also, the research on captive breeding
and conservation management obtained the majority of publication trends from 2005-
2021. Meanwhile, the analysis for only conservation management occurred mostly in the
form of species recommendations. Despite the predominant articles from Indonesia, the
main obstacle was that almost half of the number were written in the local language
(49.2%, n = 31) or 28% of the total world publications (Figure 11). This circumstance is
believed to severely limit access to global research information.

Figure 11. Publication distribution in terms of language.

Discussion

Geographical distribution. Regardless of the endemic nature of P. kauderni, several
researches have been conducted outside Indonesia, including America, Europe, Australia
and other Asian countries. The majority of research and pioneering publications also at
the start of species rediscovery, emanated from USA (Vagelli 1999; Vagelli & Erdmann
2002; Bernardi & Vagelli 2004; Hoffman et al 2004, 2005; Vagelli 2004; Vagelli &
Volpedo 2004), with Sweden (Kolm 2002a, 2002b, 2005; Kolm & Berglund 2003, 2004;
Kolm et al 2005) covering the primary data, such as population, trade, genetics and life
history. Meanwhile, the popular countries other than Indonesia with research focus on
optimizing the captive breeding of P. kauderni were Australia (Moorhead & Zeng 2010),
Iran (Roozbehfar et al 2012), India (Vishwas & Ajith 2014), France (Teletchea 2016) and
Spain (Monticini 2019). Particular states only concentrated on the trade (Biondo & Burki
2019; Dominguez & Botella 2014; Rhyne et al 2017; Dee et al 2019; Pinnegar & Murray
2019) and disease aspects (Weber et al 2009; Johan & Zainathan 2020). Furthermore,
the inability of a country to access P. kauderni in its natural habitat contributed to the
majority of purchased samples. Also, trade publications employed commercial data from
databases, management tools, surveys and direct field reports. Particular samples for
laboratory experiments were acquired from Indonesia but the occurrence as wild species
or the result of captive breeds was unclear (Vishwas & Ajith 2014). However, a certain
proportion used the original captive-breeding materials (Roozbehfar et al 2012; Kasiroek
et al 2017) with the assumption that cultured individuals are easier to adapt to a new
environment and are also cheaper in the long run, compared to wild-caught stock. Based
on geographical area, Indonesia produced the most research on population monitoring
from P. kauderni, due to the convenience in conducting field investigations. The United
States is also among the countries that investigate extensively about the species
population, with a monitoring area covering virtually the entire population in Banggai
(Vagelli & Biondo 2017).
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Research focus and methods. Various aspects were observed in the research of P.
kauderni with initial focus on the life history, particularly the reproductive and growth
parameters. The research specimens were obtained from aquarium trade and preserved
under optimized captive conditions. This environment was subsequently observed by
examining and collecting eggs to measure the mating behaviors. The results were
preliminary data showing the reproductive pattern, both from fecundity, mating features,
spawning and early ontogeny (Vagelli 1999), which represents an earlier research that
examines the entire sample. Subsequent researches on the species behavior also applied
similar method, involving specimen collection from trade marine fish and maintained
under captive conditions, where the reproductive behavioral patterns are observed in an
experimental set-up (Kolm 2002; Kolm & Berglund 2003). The results also showed that
the body size of the male P. kauderni influencing the number of clutches were potentially
incubated and the female was able to adjust the egg size to suit her partner. In addition
to the laboratory and experimental analyses, direct observations help to ascertain the
natural behavior (Kolm & Berglund 2003). However, different opinions on the
reproductive characteristics, both in terms of methods and data analysis appeared visible
(Vagelli & Volpedo 2004 ; Kolm 2005). The research on the ecology and initial population
commenced in 2002 (Lunn & Moreau 2002; Vagelli & Erdmann 2002; Ndobe & Moore
2005), and the trade impact was analyzed using surveys and direct field interviews (Kolm
& Berglund 2003; Lunn & Moreau 2004). A number of these early research examined
almost all aspects of P. kauderni and serve as pioneers and foundations for further
investigations.

Particular research related to the potentials (Gopakumar 2005; Ndobe & Moore
2005) and captive breed optimization of the sample were published, after determining
the initial data (Vagelli 2004). The manuals for the species cultivation in captive
conditions were also published simultaneously (Hopkins et al 2005), in an effort to reduce
its wild exploitation. Previous research examined the potentials of P. kauderni to reside
under low salinity conditions with a high survival rate and salinity of 26 ppt (Madinawati
et al 2009; Ndobe 2011). The juvenile samples showed a survival rate up to 68% with
salinity between 22 and 24 ppt (Vishwas & Ajith 2014). A major limitation in the species
cultivation is the availability of males to incubate eggs. As a consequence, the use of
certain methods appears necessary, such as masculinization that involves increasing the
male percentage with hormones at the larval stage (Safir et al 2020). Since the
introduction of cultivation techniques in captive breed conditions, various similar
attempts have been conducted by several organizations, including Ambon (Balai Besar
Seed Ambon), Bali (Bali Aquarich, Yayasan Alam Indonesia Lestari), and Banggai Laut
(BCF Lestari Community Group) (Soehartono & Mardiastuti 2020). No publications on the
contribution of P. kauderni cultivation from Indonesia to the export market have been
recorded. Thailand has been able to export at least 120,000 individuals/year with captive
breed status since 2013 (Rhyne et al 2017). Also, the species exports from Sri Lanka
were probably the result of captive breeds (Rhyne et al 2017). This indicates the success
of the fish cultivation efforts in relatively large quantities.

Further research related to P. kauderni is required to comprehend its unique
philopatry properties that rarely occur in other marine species, specifically fish with basic
data for obtaining genetic information, using mitochondrial sequences (Bernardi & Vagelli
2004). The results showed that P. kauderni has a different genetic structure based on
location, particularly the population distributed in the North and East region of Banggai.
However, the constraints of minimal samples and markers have not been able to explain
conclusive data regarding the effects of reduced gene flow and bottleneck events. This
situation is possibly overcome by the development of 11 microsatellites specific to P.
kauderni (Hoffman et al 2004). In 2005, research on the genetic structure of P. kauderni
was published using these markers with sufficient samples to detect the genetic diversity
(Hoffman et al 2005). The results successfully showed the high genetic structure of P.
kauderni even within a large distance apart from 2-5 km.

The publication trend has been increasing on the topic of conservation since 2008.
This is probably related to the withdrawn proposal for P. kauderni inclusion in CITES
Appendix Il submitted by the USA (Vagelli 2008) and also its involvement in IUCN
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endangered category (Allen & Donalson 2007). Indonesia is committed to sustainably
manage the P. kauderni fishery. The majority of potential assessments and conservation
recommendations utilize the compiled data from literatures and forum group discussion
(FGD). Conservation activities commenced since 2006 by conducting population and
trade surveys until the establishment of Marine Protected Areas (MPAs) in local
communities and research related to in situ cultivation (Ndobe & Moore 2008). The
Banggai Cardinalfish Action Plan is a multi-year initiative and the first step to establishing
Decree Number 168/2007 of the Banggai Islands Regency Head, in addition to BCF
Centre. Early publications on disease/parasite types that attack P. kauderni were initially
reported to be trematodes, nematodes, and encysted isopods (Vagelli & Erdmann 2002).
Systemic diseases of an iridovirus from the Megalocytivirus genus of the Iridoviridae
family were originally published in 2009. Specimens that showed abnormal behavior died
at a mortality rate of 100% after the early 2000s. The research uses PCR-based
molecular testing and in situ hybridization (ISH) as an add-on. Meanwhile, the failure of
CITES proposal for P. kauderni pose a major concern, due to its high collection pressure
and drastic population decline (Vagelli 2008). The results of the analysis of several
regions in the Marine Protected Area (MPA) were considered ineffective, due to the cover
areas with no P. kauderni (Togong Lantang) populations. Therefore, several experts
proposed the design of MPA zones based on genetic structure and sub-population data
(Ndobe et al 2012; Ndobe et al 2018a). This circumstance led to diverse management
recommendations, including catch quotas per year, size and application period for 3
years, microhabitat conservation, fishing restrictions in the breeding period, as well as
management through the concept of an ecosystem-based approach by considering
ecological conditions, such as microhabitat degradation and community involvement
(socio-economic aspects) (Hartati et al 2012; Ndobe et al 2013c). Another conservation
policy involves training fishermen on sustainable fishing methods and marketing skills.
The NGO LINI and BCF Center facilitated the development of a more effective air-based
trade route (Jakarta via Luwuk) by forming a fishing group called “BCF Lestari”.
Intensifying the trade monitoring system for the sample species entails partnering with
government to create community groups to supervise illegal fishing activities, despite
poor facilities (Babo & Rompas 2017). Also, the establishment of aquaculture research in
Bali and Ambon further increased public awareness (Moore & Ndobe 2013). One of the
conservation concepts based on the analysis of various literatures on P. kauderni is “BCF
gardens”. This idea refers to a restoration pattern and sustainable use of populations
through microhabitat renewal on a small scale, community-based and supported by a
gradual scientific research program (Moore et al 2017). Furthermore, the National Action
Plan for 2007-2012 has not realized the potential targets, but has been programmed
through the Ministry of Maritime Affairs and Fisheries (Ndobe 2018a). The initiative
involves a number of priorities, including the protection of P. kauderni in its sub-
populations and threatened microhabitat (sea urchins and anemones), archives and
records of illegal trade (especially the Kendari route), as well as reducing the release of
the species that are not from the sub-population. In other species, institutionalization at
multiple levels in a holistic socio-ecological context is necessary to provide robust and
resilient conservation management and researches for assessing the potential for climate
change and its mitigation. However, several constraints and risks are observed in the
realization process, such as limited funds, human resources for supervision, less
regulations, socialization among local fishermen, and most importantly, the socio-
economic factors (Ndobe et al 2019).

In 2019, the ministerial regulation number 49/KepMen-KKP/2019 was formed
regarding insufficient restrictions on P. kauderni in Central Sulawesi, particularly the
Banggai Islands and Banggai Laut Regencies. These regions regulate restrictions on the
fish collection during mating season between February-March and October-November as
well as in its harvesting (Soehartono & Mardiastuti 2020). Following the international
community’s decision at CITES, COP 17, the US government on January 20, 2016
registered P. kauderni in the Endangered Species Act by prohibiting its importation.
Meanwhile, the EU has listed the species in a strict domestic measure and suspension is
possibly prescribed in the Commission implementing Regulation (EU) Number 792/2012.
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Previously demands on the species conservation involve extending its restrictions under
the protective regulation section 4(d) of the endangered species act, as well as the
limitations on imports, exports, and various commercial activities (Dubois et al 2021).
Several special conservation efforts include protecting microhabitats, periodically
observing population trends, and monitoring illegal trade routes that do not report their
catch to supervisory authorities.

Furthermore, a traditional molecular diagnostic technique for confirming diseases
from infected fish was discovered (Weber et al 2009). Table 3 shows that in addition to
viruses, ectoparasites were also found at the fish quarantine site in Luwuk (Rahman
2014). Based on the isolation and identification results, bacterial infections occurred in all
levels of the P. kauderni trade chain, particularly Vibrio alginolyticus. Also, a fairly large
percentage of iridoviridae virus infections were found in the collection points of Luwuk,
Bali, and Manado (Adriany & Koesharyani 2018). The number of disease threats,
particularly at the trading stage and fish collection under uncontrolled conditions showed
the susceptibility of P. kauderni to infections, specifically viruses. These diseases and
their rapid spread did not exist in the wild catch, but the threat of transmission from
areas with very high infection risk, specifically for iridovirus, poses the tendency for high
species mortality. Therefore, caution is needed in planning, particularly related to the
restocking of captive breeding results into their wild natural areas.

Table 3
List of diseases that infected P. kauderni
Infection/ parasite Types Reference
Digenetic Trematoda Worm Vagelli & Erdmann (2002)
Nematoda Worm Vagelli & Erdmann (2002)
Encysted isopods Lice Vagelli & Erdmann (2002)
Iridovirus (Megalocytivirus) Virus Weber et al (2009)
Alcaligenes faecalis Bacteria Adriany & Koesharyani (2018)
Micrococcus luteus Bacteria Adriany & Koesharyani (2018)
Acinetobacter spp. Bacteria Adriany & Koesharyani (2018)
Plesiomonas shigelloides Bacteria Adriany & Koesharyani (2018)
Yersinia enterolitica Bacteria Adriany & Koesharyani (2018)
Vibrio alginolyticus Bacteria Zamrud et al (2017)
Vibrio pelagius Bacteria Zamrud et al (2017)
V. damsela Bacteria Zamrud et al (2017)
V. carchariae Bacteria Zamrud et al (2017)
V. anguillarum Bacteria Zamrud et al (2017)
V. ordalii Bacteria Zamrud et al (2017)
V. parahaemolyticus Bacteria Zamrud et al (2017)
V. aerogenes Bacteria Zamrud et al (2017)
Chilodonella Protozoa Zamrud & Laapo (2014)
Trichodina Protozoa Zamrud & Laapo (2014)
Amyloodinium Protozoa Zamrud & Laapo (2014)
Vorticella Protozoa Zamrud & Laapo (2014)
Zoothamnium Protozoa Zamrud & Laapo (2014)
Ichthyophthirius Protozoa Zamrud & Laapo (2014)

The introduction of P. kauderni initiated significant trade outcome in several areas of the
commercial route, including Lembeh Strait, Tumbak Luwuk, Palu, Kendari, Bali, Ambon
(Moore & Ndobe 2007; Ndobe et al 2018b; Ndobe et al 2019). These actions were
unintentional, such as the destruction of cages, but were deliberately distributed in
certain locations, due to the inability to fulfill the trade standards (Arbi et al 2019) or
were stocked for cultivation/conservation purposes (Wibowo et al 2019). Early
publications on the species inclusion outside its natural habitat occurred in Lembeh Strait
(Vagelli & Erdmann 2002) and was reported in 2017 at Palu region (Moore & Ndobe
2007). Meanwhile, in 2019, publications commenced in other supplementary areas, such
as Kendari, Bali and Ambon (Arbi et al 2019; Huwae et al 2019; Kusumawardhani et al
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2019; Putra & Putra 2019; Wibowo et al 2019). The average method in the population
survey involves cruising technique and the belt transect process was employed in
Banggai cardinalfish (Suwardi et al 2019). Also, the research that discuss the current life
history and reproduction of P. kauderni in the introduction section have been recorded in
Palu (Ndobe et al 2013a) and Lembeh Strait (Mogontha et al 2020). This shows the
species capacity in surviving outside its endemic areas, but not entirely on a large scale
(Ndobe et al 2019; Ndobe et al 2018b). The existence was only in patchy conditions or
uneven distribution, such as in Ambon, Bali, Kendari and Palu. This circumstance
appeared relatively different for P. kauderni in the Lembeh Strait (Vagelli 2011) since its
introduction in late 1999 (Makatipu 2018). However, 50 individuals were discovered in
early 2000, and expanded significantly to 644, with a distribution area of 18.75 ha in
2001 (Vagelli & Erdmann 2002). Recent data showed the widely spread species in the
Lembeh Strait area with an average of 1.48 individuals/m? (Carlos et al 2015; Makatipu
2018; Rondonuwu 2020). This result is relatively high compared to the population in
other locations and also in the endemic region with an average abundance below 0.5 m?.
However, its distribution in Lembeh Strait was estimated at 2,670.74 Ha in 2020
(Rondonuwu 2020), with an increased rate of 142.44 times from the 2001 rate. The high
population density of P. kauderni is believed to the local population in the Lembeh Strait,
particularly in anemonefish that are exclusive symbionts of anemones. As a consequence,
there is a stiff competition for limited resources and the abundance of rival species
(Albins & Hixon 2008). This high population density and other factors also influence the
species’ demographics, such as intensity, by disrupting the interactions of regular
predators and prey (Vagelli 2011). The research on the bio-ecological impact of P.
kauderni in Lembeh Strait has not been conducted, despite several interests and
assumptions that the inherent species is classified as invasive (Vagelli 2011; Ndobe et al
2018b).

There is need to regularly observe the species population and trade for existing
trends and successful conservation assessment. However, the difficulty in comparing
populations poses a major challenge since the population survey in 2001, specifically
inconsistent survey methods and locations (Table 4).

Table 4
P. kauderni population sampling method
. Total
Sampling year sites Method Reference
Endemic
2000 8 Hover based on area covered by sea urchin Kolm & Berglund
(2003)
2001 3 Vagelli & Erdmann
(2002); Vagelli
(2011)
2004 9 Hover based on area covered by sea urchin Ndobe & Moore
(2005)
2007 34 Vagelli (2008)
2007-2012 28 Belt transect 100x5 (2), 1000 m?%/site Yahya et al
(2012)
2010 18 Belt transect (10x20 m) 500 m?/site Kasim (2012)
2011-2012 24 Belt transect 20x5m = 100 m?) and swim Ndobe et al
survey (2013d)
2015 52 Transect 8m wide (4800 m?)/site, from Vagelli & Biondo
mangrove shore to depth of 4 m (2017)
2017 24 Belt transect 20x5 (6), total: 600 m?/site Ndobe et al
(2018b)
2017 24 Belt transect 20x5 (6), total: 600 m?/site Wiadnyana et al
(2020)
2018 24 Belt transect 20x5 (6), total: 600 m?/site Wiadnyana et al
(2020)
2019 8 Belt transect 20x5 (6), total: 600 m?/site Ndobe et al
(2020)
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Introduction

Sampling Total

Location - Method Reference
year sites
2015 Lembeh 3 No data Carlos et al
(2015)
2018 Ambon 5 Belt transect (10x20 m) (5) total: 500 Wibowo et al
m?/site (2019)
2018 Bali 2 Belt transect (50x5 m) total: 250 m?/site Putra & Putra
(2019)
2018 Bali 9 Belt transect (10x20 m) (5) total: 500 Wibowo et al
m?/site (2019)
2019 Kendari 5 Belt transect (20x5 m) (4) total: 400 m?/site  Kusumawardhani
et al (2019)

Problems, including the criticism of the sampling method for population data with a
limited transect length of 20 x 5 m were considered unsuitable. This was due to the
species’ patchy nature and distributional displacement following the movement of its
microhabitat such as sea urchins (Diadema setosum) (Conant 2015; Ndobe et al 2018b).
Furthermore, the inconsistent sampling process at several locations resulted in certain
population areas being under-studied or not having potential data for benchmark
purposes.

Conclusions and research gap. Researches on P. kauderni has been widely conducted
since the late 90s, while experiencing trend analysis and research composition. This
indicates a positive trend where the number of the species’ publications continues to
increase every year. The increment was also reflected on the topics on conservation of
captive breeding and populations of P. kauderni outside its endemic areas. Research with
more than one author showed an increasing trend but was dominated by collaborating
authors from similar country while counterparts from different countries tend to be
unchanged and less frequent, compared to the beginning of the research in the late 90s
and early 2000s. In addition, the large number of publications about this species in
Indonesia was possibly responsible for the limited access by international community.
However, it is undeniable that the existing research has produced a number of
recommendations and policies for the sample’s conservation.

Furthermore, researches on life history and behavior has proven that P. kauderni
has high tendency for maintenance and propagation under captive conditions. Also, the
research on captive optimization is used to maximize the species’ cultivation. Thailand for
instance, has been able to produce P. kauderni from captive breeding to the aquarium
market with an average of 120,000 specimens per year. There is no published
information on the number of results or the presence of exports produced by these
facilities in Indonesia, despite the reports on several captive breed locations. However, it
is not certain whether this country has the capacity to generate this species under
captive breed conditions. In terms of population size, differences between separate
methods and locations were observed, but population trends of this species in nature are
difficult to analyze. The results showed a decline in the population of P. kauderni in
nature, hence, a need to investgate the effectiveness of conservation efforts appears
necessary, since the National Action Plan movement was conducted in 2007.
Furthermore, the total number of several publications was different, in terms of the
species trade in recent years that relied on KKP and quarantine data. This is because not
all traders and fishermen collect these specimens in the registered nature, and also illegal
catches and harvests were not reported accordingly. In addition, certain research which
considered insufficient, were the effects of the introduction of P. kauderni species in non-
native area and also on the local ecology or inclusion in the invasive category.
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