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Abstract. Bathitim marine conservation area (MCA) of Misool, Raja Ampat has been set as an
arca that is prohibited for fishing activities since 2005. The only activitics allowed in that arca are
tourism and rescarch activities. The difference in the management status between arca inside the
Batbitim MCA and outside the MCA might affect ecosystem components such as fish and coral
reef in the respective area. The present study aims to investigate the ecological status of target
fishes in the two areas. Data were collected by using an underwater visual census at S sites, in
which at each site 3 transects were placed. Collected data are then used to assess ecological indices
for the target fishes. It is found that there were 38 species of target fish belonging to 13 families.
The diversity index of Shannon was found to be in the range between 0.99 (inside MCA) to 1.67
(outside MCA) and dominance index ranged between 0.26 (outside MCA) and 0.6 1(inside MCA).
The abundance of individual target fish in each location varies between 960 ind ha' (outside
MCA) and 9413 ind.ha™' (inside MCA). Those results indicate that there is a discrepancy between
the ecological status of the target fish at locations inside and outside the MCA.

EZ)introduction

Raja Ampat Regency consists of 4 major islands namely Waigeo Island, Batanta, Salawati and Misool
[1]. This regency has rich marine diversity, with over 550 scleractinian coral species and over 1,400 fish
species [2]. Misool Island may be the most popular place in Raja Ampat after Wayag Island. Misool is
located in the southernmost part and has the largest conservation within the marine protected area (MPA)
network in Raja Ampat with an area of 366,000 ha [3].

Rapid Ecology Assessment (REA) and Rapid Assessment Program (RAP) were carried out in 2001
and 2002 in Raja Ampat waters, including in Misool waters. This assessment found that Misool waters
have the highest diversity in terms of fish and coral reefs[4]. There is a close relationship between coral
reef ecosystems and reef fish; reef fish are more diverse in the coral reef ecosystem when compared with
other ecosystems in the ocean [5]. Reef fish can be grouped into three groups: major fish group, indicator
fish group, and target fish group. Target fish are categorized as economicallyfgflportant fish and are
usually captured for consumption [6]. The target fish include the family of Serranidae. Lutjanidae.
Lethrinidae, Nemipteridae, Caesionidae, Siganidae, Haemulidae, Scaridae and Acanthuridae.

The MPA in Misool is protected and managed through a zoning system to warrant a sustainable
resource and environmental management. Among the zoning system, there are traditional use zones
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(TUZ) and marine conservation area (MCA) [3]. Traditional fishing and other economic activities are
allowed inside the TUZ, while inside the MCA. only marine tourism activities (e.g. skin diving and
SCUBA diving) are allowed [7]. One of the MCA is known as Batbitim MCA. Batbitim has been
designated as an MCA since 2005 [8]. Since then, fishing activities in the area are no longer permitted.
The traditional fishing activities are allowed only inside TUZ, including in Wayaban waters. It is
expected that fishing activities outside protected coral reef areas would benefit from the coral reef
protection[9][10] since fish within the protected area might have the opportufEEj to reproduce or to grow
before caught by fishers. While it 1s necessary to evaluate the performance of the MCA in terms of its
impact on diversity and abundance of fish, until today there are very limited studies that assess ecological
status target fish inside and outside the MCA, particularly in Misool. The present study is an effort to
overcome the gap.

2. Materials and methods

2.1. Site and data collection

Data for the present study taken from 5 stations (sites) inside the Misool MPA, where 3 siles (site 3, site 4
and site 5) are located at Batbitim MCA and 2 sites (site | and site 2) are located at Wayaban waters (See
Fig 1). Data collections were conducted in January of 2019,

Collecting reef target fish data used underwater fish visual census (UVC] especially the belt
transect method [11][12]. The UVC was done by 3 surveyors. Three replicates of 50 m x 5 m belt transect
were placed at each site. The target fish at a belt of 2.5 meters to the left and right of the line transect was
identified and counted. In addition to target fish data, we also collected life form data of coral reef by
using point intercept transects (PIT) [13]. The line transects were placed at the same sites as of belt
transect at depth of 10 m. The observations of target fish were carried out first and then followed by coral
observations.
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Figure 1. Research stations (sites) at Misool marine protected area.
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2.2. Data analysis
Collected data of target fish were then analyzed to assess several ecological parameters, such as diversity
index, dominance index, absolute density and relative density for the target fishes.

Analysis of the diversity (Diversity Index/H) of species of fish is calculated by the Shanon-Wiener
equation by using the following formula [14][15]:

H = —Yi_;pilnpi (1)
Where
H'= Shannon-Wiener diversity index
Pi= ni/N
Ni = number of individuals of species-i
N = total number of individuals
S = number of species / species
Criteria:

a) H <1 = low diversity
b) I <H <3 = moderate diversity
¢) H> 3 = high diversity

Dominance index (C) of target fish is calculated using the Simpson diversity index with formulas
follows [14][15]:

€ = 3_,pi? ®
Where

C = dominance index
pi = proportion of the number of individuals in reef fish species ( Pi = ni/N)
Dominance index values range from 0 to 1. If C approaches 1 then there is a tendency for one or maore
species to dominate the other species. whereas if C approaches 0 then there is no tendency for species to
dominate the other.

An absolute abundance of reef fish is the number of individuals from certain species that are in a
certain area. The abundance of reef fish can be calculated by using the formula :

p=X (3)

A
Where
D = Abundance of individual fish (Ind/Ha)
Ni = Number of individual fish species i (Ind)
A Area (Ha)

3. Result and discussion

3.1. Community structure of target fish

Many fish target species found in the study sites were 38 species belonging to 13 families (Tabel 1).
Except for Scarus sp, not all species have appeared in all sites; Most of the species were found only at
most three sites. The number of individuals of each species varied among sites, with the most individual
appeared on site 1 belonging to families of Scaridae and Carangidae, on-site 2 belonging to families of
Scaridae, Achanthuridae and Caesionidae, on-site 3 belonging to family Caesionidae, on-site 4 belonging
to familics of Caesionidac and Balistidae, and on-site 5 belonging to family of Caesionidac. In total, the
number of individuals for all species was higher at sites 3, 4, and 5 which is located inside Batbitim
MCA.
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3.2. Shannon index of diversity

The ecological index of the diversity of target fish at sites outside the Batbitim MCA was relatively
higher than that of at sites inside the MCA (Fig 2). Even though the Shannon index of diversity increases
as some species increases but it also depends on the distribution of abundance among each species [15].
Therefore, the index figures in Fig 2 do not necessarily explain that inside the MCA were more species of
target fish than that outside the MCA. It might explain that the community structure of target fish outside
the MCA was distributed relatively more equal among the species within each site than that inside the
MCA.

Table 1. Composition of target fish species found in the observation sites and their relative abundance at

each site.

No  Spesies Family Site 1 Site2 Site3 Sited  Site 5
1 Achanturus sp Achanthuridae 42 19.4 4.0 - 38
2 Nuaso hexsacanthus Achanthuridae - 43 - - -
3 Naso vlaminggi EEhanthuridace - - - 0.8 B
4 Macolor macularis Lutjanidae - 22 0.4 0.4 -
5 Lutjanus decussatus Lutjanidae 42 1.1 - 0.4 23
6 Lutjanus carponotatus Lutjanidae 42 43 - - -
7  Lutjanus gibbus Lutjanidac - 1.1 - - -
8  Lutjanus rivulatus Lutjanidae - - 0.3 - -
9 Lutjanus bigutattus Lutjanidae - - 0.3 - 6.8
10 Plectropomus leopardus Serranidae 1.4 - - - -
11 Variola lauti Serranidac 1.4 - - - B
12 Cephalopholis argus Serranidae - 54 - - -
13 Plectropomus areolatus Serranidae - 232 - - -
14 Cephalopholis miniata Serranidae - - 0.6 1.2 -
15 Aecthaloperca rogga Serranidac - - - 1.6 -
16 Cephalopholis urodeta Serranidae - - - 0.8 B
17 Cephalopholis cyanostigma  Serranidae 1.4 4.3 - 0.8 -
18  Siganus doliatus Siganidae 1.4 22 0.1 - -
19 siganus crysospiles Siganidae - 22 0.0 - -
20 Siganus vulpinus Siganidae - - 0.1 - 1.5
21 Siganus lineatus Siganidae - - 0.3 - -
22 Siganus chrysospilus Siganidae - - - 0.8 -
23 Caesio tille Caesionidae - - 283 - -
24 Caesio cuning Caesionidae 6.9 16.1 538 4.1 -
25  Pterocaesio tille Caesionidae - - 5.0 - -
26 Pterocaesio pisang Caesionidae - - - 40.7 75.2
27 Gnathanodon speciocus Carangidae 208 1.1 - - 1.5
28  Caranx ignobilis Carangidae - - 0.4 - -
29 Caranx melampygus Carangidae - - 0.7 - -
30  Pseudobalistes fuscus Balistidae - 1.1 - - -
31 Odonus niger Balistidae - - - 34.6 2
32 Letrinus olivaceus Lethrinidae - - 0.3 - -
33 Lethrinus ervtropterus Lethrinidae - - 0.1 2.0 -
34 Platax teira Ephippidae - 1.1 - 0.4 -
35  Plectorhinchus lineatus Haemulidae - - 0.1 - 0.8
36 Cheilinus undulatus Labridae 5.6 1.1 - - -
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No Spesies Family Site | Site2 Site3 Site4  Site 5
37  Carcharhinus melanoterus Carcharhinidae - - 0.8 -
38 uruA‘ sp Scaridae 48.6 312 5.1 10.6 8.3
Number of species 11 17 18 15 8
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Figure 2. The diversity index of Shannon for target fish species at five observation sites.

3.3. Dominance index

On average, indices of abundance of target fish were higher at sites inside the MCA (048 — 0.61) than
outside the MCA (0.26 — 0.32). These figures explain that the degree of dominance was higher at sites
inside the MCA: that was one or more species consisting of large number individuals in the sites. For
example, Caesio tille and Caesio cuning contributed more than 80% of individuals of target fish at sites 3
and Prerocaesio pisang contributed about 75% of individuals at site 5.

The dominance of certain species, especially inside the MCA, explains the possibility of disturbance to
the ecosystem or target fish community. As areas inside the MCA are used only for tourism activities
(diving), it should be aware of the increase in many divers and their behavior in a diving spot. Diving
spots are commonly characterized by a high diversity of corals and other marine lives. While there is no
study about the impact of diving activities on fish communities in diving spots around Misool or Raja
Ampat, some research elsewhere has reported that diving activities may affect fish behavior [16] and fish
abundance and community structure [17].
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Figure 3. Dominance index for target fish species at five observation sites.
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3.4. Abundance

Estimation of the abundance of target fish at each site was based on an underwater visual census using
three replication of 50 m belt transect. The results showed that target fish abundance varies among sites.
On average, higher target fish numbers were found at locations within the MCA, with values ranging
from 1770 to 9400 ind.ha' (Fig 4). At sites located outside the MCA. on average target fish abundances
were 960 to 1240 ind.ha"' which were less than those at inside the MCA.
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Figure 4. The abundance of target fish species at five observation sites in Misool.

3.5. Impact of coral reef condition on the ecological status of target fish species

Examination of coral condition, represented by percent cover, showed that sites inside the MCA had
higher percent cover of coral compared with sites outside the MCA. Live coral (hard and soft coral)
covered about 53.5% to 59.3% of site areas outside the MCA. On the contrary, sites inside the MCA were
covered by 71% to 73% of live coral. The differences in the coral conditions might be brought about the
different impacts on the ecological status of target fish.

Fig 5 and Table 2 show a possible relationship between coral percent cover and ecological status of
target fish. The diversity index of Shannon tended to decrease as the coral cover increases, while the
dominance index as well as fish abundance increase in line with the percent cover of coral. The good
condition of coral cover is thought to provide protection and a feeding place for certain fishes so that the
fish become dominant and abundant in the areas. However, high coral cover is not always followed by
high coral species richness. Some species of reef fish, particularly highly economical value species may
be less in number due to fishing [18][19]. When fish species richness is high, it is possible to have a large
number of species present in the areas [20].
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Figure 5. The plot of percent cover of coral against Shannon index,
dominance index and abundance of target fish.

Table 2. Matrix of correlation between coral percent cover and index of diversity (Shannon), index of
dominance and abundance of target fish in Misool Raja Ampat.

Shannon Index Dominance index Abundance

Coral Percent cover -0.87 0.89 0.61

4. Conclusion

Areas inside the MCA of Batbitim tended to have a high abundance of target fish but they were
dominated by some particular species or the fish communities were less diverse in the areas. The
ecological status of target fish inside and outside the MCA is likely to be affected by coral reef condition
in the respective areas.
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