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Abstract. Pulo Suwalan is one of the coral reef areas found on the coastal area of Rembang Regency,
Central Java, Indonesia. Research at this location is still very limited. Due to its location, the area
adjacent to the mangrove has the potential to become a migration route for fish from the mangrove to
the coral reef ecosystem and vice versa. On the other hand, the area is close to fishing bases, making
this coral reef area close to anthropogenic threats. This research was carried out with the aim of
analyzing the potential of coral fish biota in the Pulo Suwalan coral reef, on the coastal area of Rembang
Regency. The results of this research can be useful as baseline data for further research and efforts to
sustainably manage the coral reef areas. The research method uses an underwater visual census. The
fish found in the Pulo Suwalan coral reef area belong to 3 family groups, namely Pomacentridae,
Serranidae, and Labridae. Fish abundance ranged from 0.01 to 0.05. The results of the index assessment
show that the diversity index is in the low category, the evenness index is in the moderate category and
the dominance index is in the high category (there are no species that dominate). The biota other than
fish found in the Pulo Suwalan coral reef area consists of Heteractis sp., Diadema sp., Plexaura sp.,
Diodogorgia sp., Iciligorgia sp., Cladophora sp., and Caulerpa sp.
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Introduction. Coral reefs are one of the natural resources in coastal areas that have
various ecological and economic functions. The main coral reefs ecological functions are
to be a habitat, allowing fish growth and breeding, and a natural wave barrier for nearby
land areas (Ramadhan et al 2017). Apart from having ecological benefits, the existence
of coral reefs also provides economic benefits for the surrounding community, by
providing marine tourism services (Luthfi 2016; Witomo et al 2020). However, the use of
coral reef areas as marine tourism destinations needs to be supported by good
ecosystem conditions and an adequate carrying capacity (Koroy et al 2018). Rembang
Regency is one of the coastal areas on the North coast of Central Java which has coral
reef and mangrove resources. This coastal zone has a coastline of 63.5 km with a coral
reef area of 212.3 ha and a mangrove area of 133.5 ha. In total, there are 15 coral reef
zones, spread along the coast of Rembang Regency, with areas varying between 0.8 ha
to 48.4 ha. Pulo Suwalan coral reef zone is located at coordinates S6°40'59" and
E111°23'04". The area of this coral reef is approximately £20 ha and it islocated at a
distance of £1.0 km from the nearest coastline. The uniqueness of this coral reef area is
its location close to fishermen's fishing bases and mangrove ecosystem areas. The
location close to the fishing base indicates that the waters around the Pulo Suwalan area
are a potential fishing ground area for fishermen. However, fishing causes a high level of
risk of damage to coral reefs (Taofiqurohman 2013).

The level of utilization of demersal fish in the waters of Rembang Regency classify
these resources as fully exploited (Saputro 2014). Meanwhile, pelagic fish is moderately
exploited to overexploited, depending on the type of fish. Pelagic fish with moderately
exploited status are Mackerel scad, while types of fish with overexploited status are
Yellow stripes Mackerel and Sardine fish (Krisnawati 2017). Efforts are needed to
maintain the sustainability of fish resources in the coastal areas of Rembang Regency.
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Coral reef areas, as habitats for fish growth and reproduction, need to be
managed and handled, if degradation occurs, which require adequate data and
information. Selection of management strategies and handling of coral reef areas
experiencing degradation can only be done if data and information regarding the
condition of coral reefs are available. Data and information regarding the condition of
coral reefs in the Pulo Suwalan coral reef area are very limited. Visual observations show
that the condition of coral reefs is experiencing degradation. The types of coral reefs that
can be identified visually are branching and brain corals. However, the condition profile of
coral reef types and their health status are not yet known, due to the limited research on
the condition of coral reefs in this region. Various types of fish are known to use coral
reef areas as habitats for shelter and foraging (Zurba 2019). Coral reef ecosystem
conditions are known to influence fish abundance (Pratchett et al 2006). This research
was carried out with the aim of analyzing the potential of coralfish and biota other than
fish in the Pulo Suwalan coral reef area. The results of this research are intended to
become baseline data in the context of sustainably managing and handling the Pulo
Suwalan coral reef area.

Material and Method

Description of the study sites. This research uses the underwater census visual survey
method (Rondonuwu 2014; Zuhdi et al 2021). The survey was carried out by diving at
two stations, namely on the East and West sides of the coral reef area (Figure 1). At the
time the survey was carried out, it was known that the water depth on the East side of
the area was 3.0 to 5.0 m, and on the West side of the area it was 4.0 to 5.0 m. The
observations were made during the transition season II, when wind conditions experience
a transition from the East monsoon season to the West monsoon season. The visibility
reached between 70 and 100 cm. Theobservation area was of 20 m2. The data collected
consists of the type and quantity of fish as well as the coral types.

Pulo Suwalan Reef area

g
Google Earth:
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Figure 1. Location of research (Pulo Suwalan reef area).

To find out the types of fish and types of coral, a comparative approach was carried out
using visual documentation data with various literature sources on types of fish species
(Allen 1999; Kuiter & Tonozuka 2001) and coral (Suharsono 2008). Fish data from
observations was then analyzed to determine density, diversity index, uniformity index,
and dominance, as follows:

Fish abundance

Calculation of fish abundance was carried out using the formula of English et al (1997)
and also used by Awuy et al (2017) and Tambunan et al (2020), as follows:

AACL Bioflux, 2024, Volume 17, Issue 2. 518
http://www.bioflux.com.ro/aacl



ni
N: —_
A
Where:
N - the abundance of fish (ind m=2);
ni - the number of individuals of the ith species;

A -the area of the observation area (m?).

Diversiy index (H")

The diversity index is a characteristic of a community that describes the level of species
diversity of organisms found in that community (Odum 1993). The formula used is the
Shannon-Weaner Diversity Index (Najamuddin et al 2012), as follows:

H'=-X pi log pi

ni

pi=y

Where:

H' - the diversity index;

pi - the probability of species i from the total individuals;
ni - the number of individuals of the species i;

N - the total number of individuals of all species.

The diversity index criteria are divided into 3 categories (Wilhm & Dorris 1986), namely:
H'<1 (low species diversity), 1<H'<3 (medium species diversity), and H'>3 (high species
diversity).

Evenness index (e)

The species uniformity index is a comparison between the diversity value and the
logarithm of the number of species. The evenness index formula refers to the formulation
of the Krebs equation (1989), as follows:

e =
log S
Where:
e - the evenness index;
H' - the diversity index;
S - the number of species.

According to Krebs (1989), the species uniformity index ranges from 0 to 1, where:
e>0.6 (high species uniformity), 0.4<e<0.6 (medium species uniformity), and e<0.4
(low species uniformity).

Dominance index

The dominance index is the degree of dominance of one, several, or many species. The
calculation method used is the Simpson dominance index formula (Odum 1993):

Where:

c=y (ni)
~— “\N

C - the dominance index;
ni - the number of individuals of the species i;
N - the total number of individuals.
The criteria for the dominance index interpretation, according to Odum (1993), are:
0<C<0.5 = No species dominates
0.5<C<1 = There are species that dominate

2
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Results and Discussion

Geographical overview of the Pulo Suwalan coral reef area. The Pulo Suwalan coral
reef area is administratively located in the waters of Pasar Banggi Village, Rembang
District, Rembang Regency. Pasar Banggi Village is a village on the coast where the
majority of its people's main livelihood is as fishermen. Figure 1 presents the situation of
the research location. Geographically, the Pulo Suwalan coral reef area is located in
shallow waters, not far from mangrove areas, fishing bases, and marine tourism,
perpendicular to the coastline. The length of the coral reef area is £0.6 km with a width
of £0.4 km. Figure 2 shows the distance between the Pulo Suwalan coral reef area and
the surrounding coral reef area and from the coastline. There are two coral reef areas
close to Pulo Suwalan, namely Karang Jahe and Karang Nggurian. The distance between
Pulo Suwalan and Karang Jahe is £2.8 km, while the distance between Pulo Suwalan and
Karang Nggurian is £2.6 km. From the nearest coastline, the location of Pulo Suwalan is
only £1.0 km from the fishermen's fishing base which can be seen in Figure 2. The depth
of the waters in the Pulo Suwalan coral reef area ranges from 0.5 to 8 m (Prihantoko et
al 2023). The Pulo Suwalan coral reef area has a unique character. At low tide, coral
reefs will be visible on the surface of the water, and at high tide, the entire area will be
underwater. Figure 3 shows the condition of coral reefs when the waters recede.

Figure 2. e ditanbeween Pulo Suwalan and the coastline (red line) is £1.0 km,
Pulo Suwalan Island to Karang Jahe (blue line) is £2.8 km, and Pulo Suwalan to Karang
Nggurian (yellow line) is £2.6 km.

Figure 3. Pulo Suwalan at low tide.
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Branching coral will be exposed on the surface of the water when the waters recede.
Likewise, sandy land will appear on the southern side of the area. On the north side of
the area, which is £0.4 km from the position of the sandy land, there is a collection of
dead coral rocks that have not been identified. Pulo Suwalan coral reef area has the
natural resource potential required to support the sustainability of fish resources.
However, appropriate handling and management efforts are needed, so that the available
potential can be utilized optimally.

Potential of coralfish in the Pulo Suwalan coral reef area. One of the marine
ecosystems that supports biodiversity is the coral reef ecosystem. Coral reef ecosystems
with high biodiversity will be a source of food, shelter, and habitat for various marine
biota (Harsindhi et al 2020; Nanami 2021). Coralfish are one of the marine biotas that is
closely related to coral reef ecosystems. Coralfish can be an indicator to determine the
status of biodiversity in coral reef areas (Tony et al 2020). The various types of biota
found in the Pulo Suwalan coral reef area can be seen in Table 1. From the results of
biota observations, it is known that in the waters of the East side of the area, one type of
fish is found, namely betok fish (Chromis sp.), and the dominant biota, other than fish,
consists of anemones, sea urchins, some gorgonians, and green algae. On the western
side of the Pulo Suwalan coral reef area, it is known that several types of fish are
dominant, such as betok fish (Chromis sp.), keling fish (Labrus sp.), and grouper fish
(Ephinephelus sp.). Biota, other than fish, found on the western side of the area,
consistes of anemones, sea urchins, and green algae.

Table 1
Type of biota
No Local name Scientific name IUCN statutes Station
1 Ikan betok Chromis sp. - East
2 Anemon Heteractis sp. - East
3 Bulu babi Diadema sp. - East
4 Akar bahar Plexaura sp. Vulnerable East
5 Akar bahar Diodogorgia sp. Vulnerable East
6 Akar bahar Iciligorgia sp. Vulnerable East
7 Alga hijau Cladophora sp. - East
8 Alga hijau Caulerpa sp. - East
9 Ikan betok Chrysiptera sp. Least concern West
10 Ikan keling Labrus sp. Least concern West
11 Anemon Heteractis sp. - West
12 Bulu babi Diadema sp. - West
13 Alga hijau Cladophora sp. - West
14 Ikan kerapu Ephinephelus sp. Least concern West

In the research carried out, it was discovered that there were 3 (three) groups of
fish families found, namely Pomacentridae, Labridae, and Serranidae. According to Allen
& Adrim (2003), the types of fish that are often found in coral reef areas consist of the
families Gobiidae, Labridae, Pomacentridae, Apogonidae, Blenniidae, Serranidae,
Muraenidae, Syngnathidae, Chaetodontidae, and Lutjanidae. Labridae and Pomacentridae
families have a high species diversity and are found in abundance in coral reef areas
(Reininger 2012; Andrimida & Hardiyan 2022). Although in this study the number of fish
found in the Pulo Suwalan coral reef area can be categorized as low, the families of fish
found indicate that the area is a habitat for various types of coralfish.

The Pomacentridae and Labridae families of fish are the dominant coralfish
families found in coral reef ecosystems (Yusuf 2013). Fish species from Pomacentridae
family are often found in coral reef areas with high levels of abundance (Erdana et al
2022). The Pomacentridae family of fish is a group of herbivorous fish (Luthfi et al 2018).
Several specied of Pomacentridae and Chaetodontidae are plankton-eating fish called
planktivores (Frederich et al 2009; Frederich & Parmentier 2016). According to Carpenter
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& Niem (2001b), several species of Pomacentridae and Chaetodontidae are also included
in the group of coralfish that eat everything (omnivore fish group). According to
Nybakken (1992), herbivorous fish from the Siganiidae, Pomacentridae, Acanthuridae,
and Scaridae families are able to help coral growth by reducing the amount of algae that
grows on coral. These fish eat algae that grow on coral, thereby increasing the potential
for coral growth. Fish of the Pomacentridae family have a schooling behavior and are
able to live in varying bottomwater substrate conditions (Erdana et al 2022). These fish
are physiologically compatible with coral reef ecosystems (Rungkat et al 2013) and play
an important role in food webs (Edrus & Abrar 2016). The coral reef area is used by the
Pomacentridae family of fish as a habitat for foraging (Dhahiyat et al 2017).

The Labridae family of coralfish has the second highest species diversity after the
Pomacentridae family. The distribution of types and sizes of the family Labridae fish is
related to the habitat types, such as seagrass and coral reefs (Hasbi et al 2011). The
living habitat of the Labridae fish species is located in shallow waters, consisting of coral
reefs, rocky reefs, sand, grass, and algae habitats (Carpenter & Niem 2001a). The
Labridae family has the highest diversity in the Indo-Pacific coral reef region (Choat &
Bellwood 1991). According to Carpenter & Niem (2001a), coralfish from the Labridae
family belong to the benthic invertivore type, which are coralfish that prey on
invertebrates that live at the bottom of the water.

Grouper is a fish that has important economic value and is a target for fishermen
(Nuraini 2007; Astuti et al 2016). Grouper fish belong to the Serranidae family (Allen et
al 2003; Peristiwady 2006). Based on the characteristics of their food, fish from the
Serranidae family belong to the type of carnivorous fish. According to Carpenter & Niem
(2001b), the carnivorous coralfish consist of the families Fistulariidae, Lutjanidae,
Pinguipedidae, Scorpaenidae, Serranidae, Sphyraenidae, Synanceiidae, Synodontidae,
and Tetrarogidae. Carnivorous fish are predators of small fish and molluscas. The
presence of carnivorous fish in a water area indicates the availability of juvenile fish,
small fish, and crustaceans which are their food sources (Setiawan 2010). Water
topographic conditions, food availability, and fishing pressure are factors that influence
the abundance of carnivorous fish in coral reef areas (Andrimida & Hardiyan 2022).

Table 2
Type of fish species
Fish species Family Number  Abundance Length (cm) Station
Chromis sp. Pomacentridae 6 0.30 9 East
Chrysiptera sp. Pomacentridae 5 0.25 7 West
Ephinephelus sp. Serranidae 1 0.05 18 West
Labrus sp. Labridae 1 0.05 17 West

Total 13

In general, grouper fish (family Serranidae) live solitary lives (Kuiter & Tonozuka
2001). Grouper fish are classified as demersal fish because they can be found at the
bottom of the waters. Groupers are also commonly found in coral reef areas, so they are
also included in the coralfish group (Mujiyanto & Sugianti 2014). The Serranidae family of
fish has the behavior of using coral structures to take shelter and hide between corals,
especially in branching corals (Benfield et al 2008). Visual observations show that
branching corals (Acropora) are dominant in the Pulo Suwalan coral reef area (Figure 4).
Shallow waters are the grouper's habitat for shelter. As their size and maturity level
increase, grouper fish will move to deeper waters. However, coral reef areas are the main
habitat for grouper fish, due to the availability of shelter and food sources. Groupers can
live at a depth of 370 m (Heemstra & Randall 1993).

The presence of coralfish in a coral reef area can be an indication of the condition
of the coral reef ecosystem (Giyanto et al 2014). The presence of a fishing target, such
as, groupers in a coral reef area can be an indication of anthropogenic disturbance to the
condition of coral reefs (Obura & Grimsdith 2009). The existence of coralfish communities
in coral reef waters is influenced by various factors, including habitat degradation
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(Knowlton & Jackson 2008), changes in environmental conditions (Polonia et al 2019),
seasonal changes (Sigsgaard et al 2017; Vaughan et al 2021); biological and physical
conditions of waters as well as habitat complexity (Suwartimah et al 2016).

-t
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Figure 4. Various types of biota are found in the Pulo Suwalan coral reef area:
Pomacentridae (1, 2); sea urchins (3); gorgonians (4, 5, 6); algae (7, 8).

Damage to coral reefs can occur due to human influence or natural factors.
Natural causes of this damage involve storms or other sea creatures directly damaging
coral reefs. For example, the activity of coralfish and other organisms that prey on coral.
However, human factors cause damage more quickly compared to natural factors
(Taofiqurohman 2013). Other causes of damage to coral reefs include climate change,
bleaching (Nirwan et al 2017), and activities using fishing gear that is not
environmentally friendly (Burke et al 2002).

Table 3 shows the condition of fish in the Pulo Suwalan coral reef area based on
the diversity index, uniformity index, and dominance index. The fish diversity index at
the research location is in the low category, while the fish uniformity index is in the
moderate category. The results of the dominance index calculation indicate that there are
no fish species that dominate the Pulo Suwalan coral reef area. Although a relatively low
number of fish species and abundance were found during the research, the results can
still serve as baseline data regarding the presence of fish in the Pulo Suwalan coral reef
area and be an indication that this location is a potential fish habitat.
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Table 3
Index value (diversity, evenes, dominansi)

Index Index value Category
H' 0.211888 Low
E 0.105944 Moderate
D 0.894056 High

Coral reefs are the habitat of coralfish. Coralfish play an important role in
maintaining the stability of coral reef ecosystems (Rani et al 2019). In general, the
percentage of coral cover has a significant and positive effect on the abundance of reef
fish (Fahmi et al 2017; Ghiffar et al 2017). However, there are also conditions where the
percentage of coral cover, although positively correlated with fish abundance, does not
have a significant effect (Riyantini et al 2023). The positive correlation between coral
cover and fish abundance means that the higher the percentage value of coral cover, the
higher the abundance of coralfish (Ardian et al 2020). In several studies, it was reported
that the percentage of live coral cover in coral reef areas does not affect the fish
abundance (Sudarmaji & Efendy 2021). This indicates that there are other factors that
can influence the abundance of fish in a coral reef area, including the contour shape or
condition of the reef (Hutomo 1986), presence of predators (Munday et al 2001), water
conditions, such as currents, depth, and brightness (Pinheiro et al 2013), condition of the
bottom substrate, presence of other biota and oceanographic factors (Erdana et al 2022),
water movement, human activities, and diversity of bottom water cover (Andrimida &
Hardiyan 2022). However, the coralfishhabitat complexity is the main determinant of the
coralfish abundance (Rani et al 2019). Some coralfish habitats, apart from coral reef
areas, are sandy areas, slopes or cliffs, algae, rocky areas, and shallow waters (Putra et
al 2019).

Potential biota of non-fish in the Pulo Suwalan coral reef area

Sea urchins. One of the biota other than fish found in the Pulo Suwalan coral reef area
is sea urchins. Sea urchins or sea urchins (Echinoidea) are marine invertebrates that
have ecological and economic benefits. Sea urchins can be used as a food source
(Hadinoto et al 2017) and also have potential benefits as medicinal ingredients (Abubakar
et al 2012). According to Rumahlatu (2012), sea urchins have the potential to be a
biomonitoring indicator of marine pollution due to their behavioral response to heavy
metal conditions in the waters. Sea urchins are omnivorous echinoderm organisms that
prey on macroalgae and several types of coral colonies (Suryanti et al 2017). The food of
sea urchins includes Chlorophyta (green algae) and Phaeophyta (brown algae) (Ristanto
et al 2018). In the food chain, sea urchins can be categorized as predators and detritus
eaters (Tupan & Silaban 2017). The presence of sea urchins on coral reefs plays an
important role in balancing the condition of coral reef ecosystems (Sulistiawan et al
2019). The ecological role of sea urchins on coral reefs includes, among others, the
nutrient recycling (Sese et al 2018), and controlling algae populations (Suryanti et al
2017). An increase in the sea urchin population in coral reef areas has an impact on the
death of larvae and young coral; however, a decrease in the sea urchin population will
have an impact on the death of adult coral, as a result of the growth of the algae
population, due to limitations of the vital space necessary for the coral larvae
development (Zurba 2019).

Sea urchins spread in specific habitats (Yudasmara 2013; Sadam et al 2019), they
are nocturnal animals that actively search for food at night and they hide in coral crevices
during the day (Zakaria 2013). In general, sea urchins live in groups or form colonies
(Noviana et al 2019). Sea urchin habitats include seagrass beds, coral reefs, rockbottom
substrates, sandy areas, and coral fragments (Nane et al 2020). According to Afifa et al
(2017), sea urchins tend to live in coral reef areas with a depth of 1.4-1.7 m. The largest
abundance of sea urchins is found in areas of branching coral and coral fragments; a
lower abundance is found on massive corals and sand (Purwandatama et al 2014). Most
Echinoidea are found in aquatic areas with rock and coral substrates (Huda et al 2017).
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Geographically, sea urchins occupy coral reef areas in coral flat areas, algae
growth areas, and shallow areas (Suryanti & Ruswahyuni 2014). The abundance of sea
urchins in flat areas tends to be higher than in coastal areas (Purwandatama et al 2014).
According to Yudasmara (2013), compared to sand substrates, sea urchins are more
commonly found in areas with coral substrate types and algae growth substrates.
According to Thamrin et al (2011), the density of sea urchins in coral reef waters is
inversely proportional to the condition of the coral reef: if the condition of the coral reef
is bad, the density of sea urchins will be high. Suryanti et al (2017) revealed that
sediment organic matter was positively correlated with the abundance of sea urchins,
while sediment texture, temperature, pH, and salinity were negatively correlated with the
abundance of sea urchins in waters. However, according to Noviana et al (2019), water
quality parameters such as temperature, pH, and DO are positively correlated with the
abundance of sea urchins, while salinity is negatively correlated.

Hartati et al (2018) found in Karimunjawa four Echinoidea species belonging to
the Diadematidaea family, namely Diadema setosum, D. antillarum, D. savignyi and
Echinothrix calamaris. Huda et al (2017) found in the intertidal zone eight species from
the Echinoidea group originating from four families, namely Cidaridae, Diadematidae,
Echinometridae, Toxopneustidae, Spatangidae and Brissidae. The types of species found
were Prionocidaris verticillata (Lamarck 1816), Echinothrix calamaris (Pallas 1774),
Diadema setosum (Leske 1778), Echinometra mathei (deBlainville 1825), Tripneustes
gratilla (Linnaeus 1758), Toxopneuptes pileolus (Lamarck 1816), Maretia planulata
(Lamarck 1816), and Brissus latecarinatus (Leske 1778). Ristanto et al (2018) found in
Bengkayang waters five types of sea urchins, namely: Diadema savignyi, D. antillarium,
D. setosum, Echinotrix deadema, and E. calamaris. The abundance of Echinoidea in
waters is influenced by environmental factors, living habits, predation, and competition
(Hartati et al 2018). The level of echinoderm diversity in a coral reef ecosystem can
indicate a coral reef biodiversity (Alvarado et al 2012).

Sea urchins have many types. The abundance and diversity of sea urchin species
in a coral reef area can be an indicator of the health condition of the coral reef
ecosystem. The condition of the bottom substrate in the Pulo Suwalan coral reef area is
in accordance with the sea urchin habitat patterns found in various other research
locations. However, this research cannot provide information on the type, abundance,
and characteristics of sea urchins on Pulo Suwalan. The presence of sea urchins found in
the Pulo Suwalan coral reef area in this research can be an indication of the potential for
biota that has ecological and economic benefits if managed.

Gorgonians. This research found the existence of coral biota with the local name bahar
roots, often called sea fans. Sea fans include corals from the Gorgonian-type group. Sea
fans belong to the Anthozoa class, live in colonies, have horns and branches, and have an
axial skeleton, consisting of various cylindrical polyps that grow together in a certain
pattern like a flat fan (Fabricius & Alderslade 2001). Sea fans are benthic organisms that
have important value in providing habitat in marine waters (Tapilatu et al 2022). Bahar
roots have economic benefits as a raw material for ornamental crafts (Liyundira et al
2022; Septaria et al 2022). Several studies have also revealed the potential for using sea
fans as medicinal ingredients (Kelutur et al 2020).

Types of coral from the Gorgonian group can be found living in shallow waters and
occupying coral reefs. Gorgonians can be found in coral reef areas with a depth of 3-8 m
with rocky substrate conditions or in coral reef areas and slopes (Setiawan 2010). Based
on their diet, Gorgonians are carnivores and plankton is their main food source. Specific
research on the ecological characteristics of Gorgonians in Indonesia is still very limited.
The IUCN status of included Gorgonians in the vulnerable category and the findings on
the presence of Gorgonians in the Pulo Suwalan coral reef area can be an indication of
the need for further research regarding the ecological conditions of Gorgonians in this
area. Management and protection strategy planning is also needed in the area to
preserve existing coral reef resources.
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Algae. Macroalgae are distributed in intertidal waters and are often found in Indonesian
waters (Papalia et al 2013). Indonesian waters hold macroalgae germplasm amounting to
6.42% of the world's total macroalgae biodiversity (Sarita et al 2021). Macroalgae are
primary producer organisms in the aquatic food chain. There are 555 types of
macroalgae that can be identified in Indonesian waters and 55 types have been utilized
(Parenrengi et al 2012). Macroalgae is a type of algae with macroscopic size (Pereira
2021). According to Palallo (2013), 628 types of the 8000 types of macroalgae found in
the world can also be found in Indonesian waters. Based on their pigment, algae can be
divided into four groups, namely green algae (Chlorophyta), red algae (Rhodophyta),
brown algae (Ochrophyta), and blue-green algae (Cyanobacteria) (Pereira 2021). Green
algae is a type of algae that is widely used as a food component and a source of
vitamins, minerals, protein, and fiber (Leandro et al 2020). This research found the
potential for sea grapes to grow at the research location. Sea grapes are algae from the
Chlorophyta group that grow in coral reef areas. Sea grapes can be found in coral reef
areas or attached to the bottom substrate of waters up to a depth of 200 m (Soenarto et
al 2023). Several types of Seagrape that can be found in Indonesian waters include
Caulerpa racemosa, C. racemosa var. macrophysa, C. sertularioides, C. taxifolia, C.
serrulata, C. lentillifera, C. peltata, and C. cupressoides (Pulukadang et al 2013).

Seagrape (Caulerpa sp.) is a type of seaweed that contains alkaloid, phenolic,
triterpenoid, and flavonoid compounds which have the potential to act as antioxidants
(Nursandi 2014). Some of the potential benefits of sea grapes include food sources
(Ghazali & Nurhayati 2018), animal feed and medicine (Fithriyani 2009), development of
medicinal ingredients (Tanna et al 2018; Hainil et al 2022) and fish feed supplements
(Novianti et al 2022). The nutritional content of sea grapes makes them an alternative
food ingredient (Ridhowati & Asnani 2016). Sea grapes also have the potential to be
developed as a cultivation commodity with economic value (Firda et al 2022; Jumiati et al
2023). Several aquatic environmental factors that influence the growth of sea grapes are
temperature, pH, salinity, and brightness (Paul et al 2014). Sea grapes can live in
stagnant waters at high tide and also in a minimal water level, at low tide (Soenarto et al
2023). The types of substrate on which seaweed often grows are sand, mud, and coral
fragments (Dahlia et al 2015). Razai et al (2019) found sea grapes growing on coral
fragments, former shells, dead coral, coarse sand, and grassy sand. Sea grapes live by
attaching themselves to rocks or rather rough substrates in coral reef areas (Yudasmara
2015). According to Ain et al (2014), sea grapes are found in small numbers in sandy or
muddy bottom areas due to the limited hard objects in the water that can be used by sea
grapes to attach themselves. Sea grapes spread in groups in waters and can be found on
clay substrates, attached to dead coral, mollusk shells, and dead sponges (Soenarto et al
2023). According to Erlania & Radiarta (2015), living macroalgae stick to the substrate
with the aim of maintaining their position so that they do not get carried away by
currents, waves, or tidal influences.

Meiyasa & Tarigan (2021) found 8 types of macroalgae in the waters of East
Sumba, consisting of green algae (Caulerpa racemosa, Caulerpa cupressoides, Caulerpa
lentillifera, Halimeda discoides, Halimeda opuntia), red algae (Eucheuma cottonii,
Actinotrichia fragilis Forsskal) and brown algae (Sargassum vulgare). Several types of
sea grapes found in the Seribu Islands, Natuna waters and Sepang Bay waters, Bengkulu
are Caulerpa racemosa, C. taxifolia, and C. lentillifera (Razai et al 2023). Meiyasa &
Tarigan (2021) revealed that macroalgae were found in waters with an average
temperature of 29.26°C, pH of 8.1, and DO of 8.2 mg L. According to Lapu (2013),
macroalgae are found in water conditions with a temperature of around 24-36°C, a pH
range of 7.2-8.2, and a DO of 7.7 mg L!. Meanwhile, Tarigan et al (2020) reported that
the water conditions where macroalgae were found were at a temperature of around 28-
30°C, a pH range of 7.2-8.9, and a DO of 7.6-8.4 mg L. The macroalgae found in the
Pulo Suwalan coral reef area indicate the existence of a source of primary productivity in
the coral reef ecosystem. Macroalgae are primary producers that provide food for
herbivorous biota in the ecosystem. The presence of macroalgae in the Pulo Suwalan
coral reef area indicates the presence of producers in the food chain of the existing
ecosystem.
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Conclusions. The fish found in the Pulo Suwalan coral reef area consists of 3 families,
namely Pomacentridae, Serranidae and Labridae. Fish abundance ranged from 0.01 to
0.05. The results of the index assessment show that the diversity index is in the low
category, the evenness index is in the moderate category and the dominance index is in
the high category (or there are no species that dominate). Biota, other than fish, found in
the Pulo Suwalan coral reef area are Heteractis sp., Diadema sp., Plexaura sp.,
Diodogorgia sp., Iciligorgia sp., Cladophora sp., and Caulerpa sp. The characteristics of
the biota found in the Pulo Suwalan area show the existence of an active coral reef
ecosystem. However, further research is needed to determine the health condition of
coral reefs and the abundance of various biota in their ecosystem.
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