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ABSTRACT

Updated data is an essential requirement for carrying out research, planning, and
policy briefs. The Coral reef triangle region is one of the areas with the highest
diversity of marine biota and the discovery of new species in this area are
increasing every year, much of this information is already available. However, most
of the data is not available per region and is still scattered. This study aims to
create a checklist and assessment of new species and a new record of fishes from
this region over the last ten years based on several aspects, including species
composition, pattern of distribution, endemicity, and depth using every source of
the report and secondary literature data. The current new species and a new record
of fish in the last decades combined consists of 360 species (268 new species and
92 new records). The most speciose group of family dominated by Gobiidae (93),
followed by Labridae, Pomacentridae and Serranidae (18), Apogonidae (17),
Dasyatidae (15), and the rest were ranged from 1-9 species per family. More than
half of new species and new records are found in Indonesia, followed by the
Philippines, Papua New Guinea, and Solomon Island. The result shows that
cryptobenthic Families especially Gobiidae from genus Trimma and eviota are
dominated the trend of new species and new record discovery and it is expected to
rise over time while there will also be an emergence of some possibly new endemic
species from major and rare families from the eastern part of Indonesia (West
Papua and Papua New Guinea). Thus, the eastern part of Indonesia (Papua,
Maluku, Aru Sea, and Papua New Guinea) and the northern part of Indonesia
(Notth Sulawesi and Philippine) are suitable for exploration for marine biodiversity
discovery research in the future.
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INTRODUCTION

The availability of updated data is an essential requirement in conducted
research and planning policy briefs. The Coral Triangle area is one of the
locations with the highest diversity of marine biota including fishes in the
wortld. Currently, there are 2600 species of reef fishes and it is estimated that
there will be more (Tornabene et al. 2015). The coral triangle region covers
37% of the total species of reef fishes in the world and the highest
concentration is located in the eastern part of Indonesia to the Philippines
(Allen 2007). This finding is in line with Halas & Winterbottom (2009) who
explained that the position between West Sumatera to East Papua New
Guinea and North Philippines is the area with the highest marine biodiversity
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of fishes. Every year the discovery and record of new species of fishes in the
coral triangle region especially Indonesia continue to increase in the form of
journal publications. Despite categorized as new information, the knowledge
about these species is still considered limited and as data collection and
updates are rarely displayed in broad outline, making it difficult to find
relevant information with all new species and records based out of the region
to see the big picture of the current status and other information regarding
this issue.

Some aspect of the outline of reef fish biodiversity has been discussed
by (Allen 2007; Allen & Werner 2002; Eschmever et al. 2010) however this
reported about 10 years ago and did not discuss details about new species,
meanwhile (Drew & Amatangelo 2017) has addressed the diversity of reef
fishes but still limited to the Melanesian region including Solomon Island,
Vanuatu, Fiji, and Hawalii, this emerges the need of comprehensive data that
provide essential information of new species and record of fishes data that
can be beneficial for researchers, students, and stakeholders to support
further research and policy. The purpose of this research is to create a
checklist and assessment based on comprehensive data and outline related to
the discovery progress of new species in the coral triangle area as a marine
hotspot for biodiversity of marine biota in addition to information on new
records of fishes for the last ten years.

MATERIALS AND METHODS

The scope of data is restricted to the year 2008 to the early half of 2019. Data
collection was conducted using secondary literature study methods from
FishBase (Froese & Pauly 2019), Eschmeyers Catalog of Fishes (Eschmevers
& Vander Laan 2019), and other related scientific publications and books.
Data then compiled in the form of a checklist which includes ordo, families,
genera, species name, country, discovery area, depth, year found, year of
publication, status, collector, gear, and referral journal. The status in the
checklist is a group in two terms which are new species and new record
category, the new species is categorized as a species that newly discovered
and described or re-described by taxonomist as a new species in the world or
novel species based on the location of the holotype (main specimen for
description) for the last 10 years. Meanwhile, the term new record refers to
species that already being described by taxonomist, distributed and reported
in some area outside of the coral triangle area before but recently found and
reported in a new region for the first time in the last ten years (in this case
coral triangle region) and/ or use as a paratype (supporting specimen). Thus,
new species can also be categorized as a new record based on new species
reported in some areas. However, because some of the species included in
new records are not novel species in the last 10 years and already described
before, and most publications conclude the term new species and new
records as separate terms, then we group it in two different categories. Based
on the data compiled, the point location maps and distribution were asses
using QGIS software.

RESULTS AND DISCUSSION

Biodiversity and composition of fishes

According to data on new species and records of fishes for the last decade
compiled in this study, the addition of species and new records is quite high
for an area. This finding indicates that there is still a potential for high
biodiversity that still needs to be explored. The proportion of combination of
new species and new records fish found in each country which part of Coral
Triangle Area (Indonesia, Philippines, Papua New Guinea, and Solomon
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Figure 1. a. The proportion of new species and new records found in each country b. Comparison of new species and
new records in the Coral Triangle Area.

Islands) are shown in Figure 1a. Figure 1b highlights the comparison of new
species and a new record of fishes in the coral triangle area.

Based on the result of data for the last 10 years (mid-2008 to early
2019), a total number of 360 species which are the combination of new
species and new record fishes were obtained consist of 31 orders, 80 families,
and 170 genera from 4 countries which include Indonesia with 206 species,
Papua New Guinea (58), Philippines (70) and Solomon Island (5) (Figure 1).
The rest 21 species are the combined results of several countries in the coral
triangle area with similar specimens of species in the form of paratypes based
on observations during literature studies. For example, a new species
Parascombrops glossodon is described based on holotype (main specimen for
description) in Philippines. However, this species is also distributed in
Indonesia and collected as a paratype (supporting specimen for reference).
Trimma maiandros is a new record reported from the coral triangle region
(Indonesia, Phillipines, Papua New Guinea, and Solomon Island) from
previously reported in Japan, Australia, and Samoa (Hoese et al. 2011). Two
hundred sixty-eight species are included in the new species category and 92
species are in the new record category (Figure 1b). The term of new record
defines a species found in a new region that indicates a wider distribution
record from previous reports. This could be caused by several factors
including some species are described as new species only based on one or
several specimens and as it is considered new there is limited knowledge
about this particular species distribution (Peristiwady 2011) and limited
records of monitoring and migration of fishes due to climate change (Gamito
et al. 2016). In addition, the collection of new records data also have an
important role in establishing a database, even though update of fishes
record in monitoring results such as checklists and scientific journal
publications are not always included in databases such as Fishbase, Catalog
of Fishes and other.

From the total species and new records of fishes sorted by countries in
coral triangle region, Indonesia contributed a total number of 57%
represented by new species, new record in order (151, 55) followed by
Philippines 20% (59,11), Papua New Guinea 16% (48,10) whereas Solomon
Island contributed only 1% (5) and the rest 6% is the combination of some
of these countries (1, 20). The trend of the total species addition is positively
correlated with the total area of coral reefs and the total number of fishes
that have been previously reported. Indonesia with an area of coral reefs
reaching approximately 51.020 km2 has the highest total number of fish
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species in the coral reef triangle region with a recorded number of about
2200 species, whereas Philippines reported consist of 25,060 km? coral reefs
area and 1790 reef fishes species, Papua New Guinea consist of 13,840 km?
with 1635 reef fishes species and Solomon Island with an area of coral reef
about 5750 km? and recorded 1371 reef fishes species (Allen 2007). Areas
with centers of diversity of coral reef fishes are located from Eastern
Indonesia to Philippines, we highlighted Papua island in Indonesia as the
region that contributes the most diversity of new species fishes, on a small
part of the island alone such as the Birds Head Peninsula record
approximately 1511 species and the data continues to increase (Allen &
Erdmann 2009).

Figure 2 shows fish family composition based on the publication year
(2008-2019) fluctuates and does not indicate an up or down trend. However,
consistently the Gobiidae family is the most dominant with a total number of
93 species, followed by Labridae, Pomacentridae and Serranidae (18),
Apogonidae (17), Dasyatidae (15), and the rest are ranges from 1-9 species
per family. Gobiidae is a family with the most abundant number of species
and during the last 10 years, Trimma and Eviota are the most common
genera described as new species. Individuals from this genus belong to the
cryptic type with a size of less than 5 cm and are associated with benthos
(Goatley & Brandl 2017). Exploration of these genera can be categorized as
new in recent decades by the growing development of scuba-diving
equipment for ichthyologists. For example, the Trimma genus consists of
only about ten species in 1970 increased to at least up to100 valid species in
2019 (Allen 2019). The number of species of this genus is increasing every
year and in recent reports, species from this genera are included in the highly-
endemic cryptic species which indicates the trend of species from these
genera in the coral reef region will continue to be discovered. (Tornabene et
al. 2015), Although this family genus is still largely ignored in the visual
census (Brandl et al. 2018) due to its small-sized body, which is difficult to
observe in the habitat.

Most Serranidae families are included in the new record status and the
majority are recorded from North Sulawesi. This could be due to the
condition of the region directly facing the Pacific Ocean and also consistent
monitoring is carried out at several fish landing sites (Peristiwady 2011;
Peristiwady et al. 2014; Uiblein et al. 2017; Peristiwady et al. 2018) which
indicates consistent monitoring has the potential to add many new records of
fish in Indonesia and other regions in the coral triangle area. Other families
such as Labridae, Pomacentridae, and Apogonidae are families with the most
abundance of species diversity in the world consist of 557, 422, and 381 valid
species respectively (Eschmevyer & Vander Laan 2019). Most of the new
species discovered in the world over the past ten years have been found in
the coral triangle region, for example, 18 species out of 45 (wotld) for
Labridae, 18 out of 33 (world) for Pomacentridae, and 18 out of 31 (world)
for Apogonidae while most species and new records of Dasyatidae family are
recorded from the coral triangle area which is 15 species out of 20 species
(world).

The publication year (Figure 2) shows the average number of species
added each year ranges from 20-30 species. The least number of species in
2018-2019 due to the data records in some databases are not consistently
updated for the latest years. Data collection from secondary sources from
journal publications conducted by the author only consists of half the year
2019 which we expected the total of species in 2019 would be increasing in
Figure 2. The high number of new species published in 2012 is due to the
publication of the book by Allen and Erdmann (2012) that adds up the
description of 25 species and several new fish records that are mostly
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Figure 2. Family composition based on publication year.
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originating from countries in the coral reef triangle region.

Distribution of new species and record of new fishes
New species and new records of fishes found in the Coral Triangle also are
distributed in several countries and regions other than coral reef triangle
areas such as the Southwest Pacific New Zealand), Indian Ocean (Africa),
Eastern Indian Ocean (Australia), and Countries in the Pacific (Japan,
Taiwan, China) and South Pacific Ocean (Solomon Island, Vanuatu, Hawaii)
(Table 1). This indicated the distribution patterns of some recent fish records
referring to fairly wide distribution especially for species with high larval
dispersal rate, swimming ability, and no habitat fragmentation (barrier)
(Franco et al. 2012). For example some specious fishes from family

Gobiidae, Pomacentridae, Serranidae, Labridae, and others which are
distributed in almost all region of ocean in the world (Hixon & Randall 2019)
in line to the statement by Kulbicki et al. (2013) that this phenomenon
caused by extensive dispersal patterns and other evidence of evolution. The
pattern of new records of fishes found fits the location and sea area, for
example, new records found in the region of Sulawesi, Indonesia distributed
fairly in the Pacific Ocean region like Japan (21), Taiwan (10), China (3), and
Palau (7) (Burhanuddin et al. 2017; Peristiwady et al. 2014) (Table 1). On the

other hand, new records found in the West Papua region and parts of Java
and Nusa Tenggara have similarities with species recorded from Australia
(12), New Caledonia (8), and other Micronesia region (Vanuatu, Fiji, Samoa,
etc) (Last et al. 2006, 2008; Last & White 2008).

Table 1. New species and records of fishes and number of species in coral triangle

area which are also distributed in other countties.

Distribution
Country New Species Numb;r New record Numb'er of
of species species
Indonesia  Australia 5 Caribbean 1

India 4 Africa 2
Japan 2 Australia 12
Malaysia 3 Japan 21
Brunei 1 Taiwan 10
Maldives 1 New Caledonia 8
Srilanka 1 China 3
Japan 4 New Zealand 1
Myanmar 1 Fiji 1
Vanuatu 2 Maldives 2
Singapore 3 Samoa 3
Thailand 2 Palau 7
Palau 1 Polinesia 1
China 1 Singapore 1
Taiwan 1 Somalia 1
Tanzania 1 India 1
Africa 1 Oman 1
Papua New 18 Pakistan 1
Guinea
Philippines 14 Srilanka 1
Solomon Island 8 Thailand 1

Brunei 2

Papua New 5

Guinea

Philippines 4

Solomon Island 3
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Table 1. Contd.

Distribution
Country New Species Numb@: New record Numb_er of
of species species
Papua New Malaysia 1 Australia 6
Guinea Japan 1 China 1
Vanuatu 1 France 1
Indonesia 6 India 1
Phillipines 2 Japan 2
Solomon Island 2 Kenya 1
Korea 1
Aftica 2
Fiji 2
Vietnam 1
Thailand 1
Fiji 1
Samoa 1
Philippines  Australia 1 Australia 4
Brunei 1 Japan 5
Hawaii 1 China 1
Malaysia 3 New Caledonia 1
Japan 3 Taiwan 1
Nicaragua 1 Vanuatu 3
Fiji 1 Maldives 1
French 1
Polynesia
Vanuatu 1
New Caledonia 1
Indonesia 6
Papua New 2
Guinea
Solomon Island
Solomon New Caledonia 1
Island Papua New 1

Guinea

The present study indicates that several new species are currently
considered endemics. Allen et al. (2018) reported that some species recorded
in the last 10 years in the West Papua region, especially Fakfak Peninsula
such as Scorpaenodes bathycolus (Scorpaenidae), Chrysiptera giti, Pomacentrus
fakfakensis (Pseudochromidae), Paracheilinus nursalim (Labridae), and
Pomacentrus bellipictns (Pomacentridae) are indicated belong to the local
microendemic fishes. Some unique species from Hemischylidae or walking
sharks consist of only 17 species globally, and 4 of them are described in the
last ten years originating from the eastern part of Indonesia (Ternate and
Papua). The rest that has been described previously are scattered mostly in
West Papua and Papua New Guinea. This is due to their limited swimming
and dispersal ability resulting in most species of this genus has a restricted
distribution (Allen et al. 2013) and potentially be put in the endemic species
category. Family of Pomacentridae such as Chromis Athena, Chromis unipa, and
Pomacentrus Fakfakensis are endemic species found only in West Papua, as well
as Pseudochromis ammeri (Pomacentridae), while some species that are classified
as endemic from the Ambon and Merauke regions including Hemytrigon
longicanda (Dasyatidae) and Sweviota bryozophila (Gobiidae), from Philippine

-7-



. Tropical Biodiversity Biotechnology, vol. 06 (2021), jtbb59230

Branchiostegus saitoi (Malacanthidae) 2012 and Pseudochromis eichleri
(Pseudochromidae) 2012 are some examples of endemic species from that
region. It is estimated that more endemic species will be expected, as several
species are still being studied and some data are needed before they are
included as endemic species.

Figure 3 shows that mostly major families (most abundance species)
are spread in almost all countries in the coral reef triangle area, most families

@® Pomacentridae
@ Serranidae

© Labridae

@ Dasyatidae
@ Apogonidae
@® Gobiidae

@ Other families

Figure 3. Location points for new species and records of fishes in several major families a. Apogonidae, b. Dasyatidae, c.
Gobiidae, d. Labridae, e. Pomacentridae, f, Serranidae, g. Combination of major and the other family.
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such as Gobiidae are found in many regions of West Papua, Papua New
Guinea towards Sulawesi and Philippines that can be correlated with their
habitats which are generally located in coral reef areas, sand, rubble, and
seagrass beds due characteristic of the species living patterns that tend to
hide from predators (Herler et al. 2011) the existence of species from these
families in coral reefs contributes significantly to the transfer of energy to the
ecosystems due to their fast life cycle and as the source of energy or food for
marine biota, due to some of the properties of these species are specialized in
certain types of coral (Herler et al. 2011) it created the possibility of endemic
species records from the Gobiidae families is expected to rise over time,
while it is also correlated directly to the damage of coral reefs that could
threaten the existence of some species in this family that specialize in specific
types or species of coral reefs. A total of 15 species from the Dasyatidae or
stingray family have a somewhat different location pattern compared to some
other families, because these new species are found in Kalimantan, Java and
the lower part of the island of Papua (Papua New Guinea and Solomon
Island, nonetheless there is no striking difference for families such as
Labridae, Serranidae, and Apogonidae which are found in almost all regions
in Indonesia, Philippines, Papua New Guinea, and Solomon Island, but in
terms of the abundance, the majority of all new species found are located in
West Papua province, Indonesia especially locations such as Raja Ampat and
Birdhead Peninsula (FakFak), Misool, parts of Maluku and the Aru Sea,
North Sulawesi (Lembeh strait and Bunaken), East Nusa Tenggara, and West
Nusa Tenggara followed by parts of Papua New Guinea (Milne Bay, Alotau)
and Philippine (Palawan, Iloilo), this finding is in line with (Allen 2007) who
report a large degree of diversity and also endemicity which lead to
conclusion that these area are very potential as a hostspots for studying
marine biodiversity, especially reef fishes, and a potential destination to
explore existing marine biodiversity for researcher due to the fact that new
species and record discovery at this region is consistent every year and
continues raise up.

Classification of fishes based on depth

All kind of different species and new records of fishes are found in a
different range of depth which was shallow water (0-50m), intermediate (50-
200m), and deep water (>200m) but not all are shown in Table 2 due to
limited data in the publication journal. In general, the majority of the species
are had associated habitats in shallow water and the rest are found in-depth
more than 50 m. One of the factors is coastal fish are the most abundant in
the world (Eschmeyer et al. 2010). Most species that live in shallow water
associated with the reef fish family including Gobiidae, Apogonidae,
Blennidae, etc. Species found in-depth range around 50-200 m are classified
as a demersal benthopelagic (Mauchline & Gordon 19806) that live in the
deep sea and forage in the coral reef ecosystems such as species from
Serranidae families, Mullidae, and Dasyatidae. Despite the fact that some
other species classified as reef fish and associated with shallow water can be
found in these depths such as Pomacentridae and several species of Gobiidae
(Prokofiev 2017; Pyle & Farle 2008). Other species that are located at a
depth of>200 m are a type that is classified as deep-sea fish including
Cepolidae families (William & Johnson 2016), Stomiidae (Flynn & Klepadlo
2012), Trigilidae, and some new records from the Serranidae family including
Plectranthias (Peristiwady et al. 2018) from North Sulawesi. Plectranthias is
probably a rare collection because most of the valid species of this genus are
described only from one or two specimens in the world (Eschmever et al.
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Table 2. New species and record of fishes based on depth.

Country Range of depth
0-50 m 50-200 m >200 m
Indonesia 109 42 14
Papua New Guinea 43 10 12
Philippines 18 24 23
Solomon Island 5 0 0

Collection of specimens from fishes at different depths requires
different methods and approaches, from various fishing gear compiled in the
checklist, it can be concluded that trawling and hook and line are the majority
of fishing gear used to collect deep-sea fish at depths> 200 m, while hook
and line, clove oil and collections from the market (fishermen) become a
collection method for fish in the depths of 50-200 m, moreover fishes in
shallow water are usually collected by hand, hand net, spear anesthetized
with clove oil, and rotenone during SCUBA. However, the use of rotenone
in recent years has been controversial (Robertson & Smith-Vaniz 2008);
hence the use of Clove oil is becoming a more environmentally friendly
choice for collecting and anesthetized small fish in the coral reef ecosystem
(Robertson & Smith-Vaniz 2010).

CONCLUSION

This study supports the application of the marine biodiversity informatics
database to give a comprehensive outline related to the discovery progress of
new species in the coral triangle area as a marine hotspot for biodiversity of
marine biota in addition to information on new records of fishes for the last
ten years. Here author demonstrated analysis from a different type of
information that was formed from the data compilation including the
composition and distribution of new species and records of fishes. This study
found that the trend in the total of species addition is positively correlated
with the total area of coral reefs in a particular region or country and the total
number of coral fishes previously reported and distributed in that region.
The Majority of new species found are located in the eastern part of
Indonesia (Papua, Maluku, Aru Sea, and Papua New Guinea) and the
northern part of Indonesia (North Sulawesi and Philippine), in addition, the
endemic species from these locations (West Papua) is estimated to increase.
It is a suitable area for exploration for marine biodiversity research in the
future and important to be prioritized as a protected reserve in the coral reef
region.
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