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Abstract

In this study, we examine the influence of benthic coverage on fish diversity in coral reef ecosystems. Benthic and reef
fish community surveys were conducted at 14 sites using underwater photographic transect and underwater visual census
methods, respectively. Coral cover (26.1%) was found to be lower than turf algae cover (42.1%). A total of 56 fish species,
comprised of 14 carnivores, 21 corallivores, and 21 herbivores, were recorded. The most widely distributed carnivore and
herbivore species were Lethrinus harak and Ctenochaetus striatus, respectively. Two species of butterflyfish, Chaetodon
citrinellus and Chaetodon trifasciatus, were the most widely distributed species among corallivores. The number of her-
bivorous fish species was correlated with coral cover, but not turf algae cover. In contrast, no correlation was observed
between the diversity of corallivorous and carnivorous fish and the coverage values of the two benthic groups (coral and
turf algae). Despite this, a pattern was observed in which areas with higher coral cover had more corallivorous and car-
nivorous fish species, while sites with higher turf algae cover had fewer of these fish species. Reef fish distribution de-
pends on live coral, which are the primary habitat-forming organisms on coral reefs. Coral and reef fish are essential in
maintaining ecological functions and shaping reef ecosystems.
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Introduction shift from coral-dominated reefs to reefs dominated by
other benthic groups, such as algae, will impact the eco-
Indonesia serves as a habitat for 76% of global coral spe- system structure and function of coral reefs.
cies and 37% of the world’s reef fish species [1]. Despite
this remarkable biodiversity, Indonesian coral reefs face High turf algae coverage in some locations may indicate
significant threats due to climate change and human ac- environmental pressures, such as increasing nutrient in-
tivities such as destructive fishing and unsustainable put and low water quality [6, 7]. These algae compete
tourism [2]. Moreover, phenomena such as El Nifio are with corals for space and prevent coral recruitment, but
predicted to trigger mass coral-bleaching events, greatly can also serve as a food source for reef biota. This rela-
impacting reef community structures and the survival of tionship highlights the dual role of turf algae in support-
the species that depend on them [3]. Coral bleaching, ing or hindering coral reef ecosystem sustainability, par-
caused by environmental stress, creates substrates for al- ticularly in terms of supporting the associated biota that
gae turf growth on recently dead corals, which have a live in the reefs, such as fish [8-10]. Reef fish rely on
crucial effect on reef ecosystem structures. Turf algae are corals for habitat and food because the reef structures cre-
an opportunist benthic group that can use the available ated by corals offer essential resources and shelters [11,
substrate space because of coral mortality [4]. Turf algae 12]. Coral and reef fish play a crucial role in ecological
are characterized by their short, densely branched struc- function and shaping reef ecosystems. The variations in
ture, forming low-lying layers (up to around 1 cm tall), coral community structures reflect the complex interac-
and they are part of a larger community (a heterogenous tions between reef fish and environmental conditions
consortium of algae and cyanobacteria) [5]. Thus, the [13]. Reef fish serve as indicators of healthy or degraded
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coral reef ecosystems, as the presence or absence of spe-
cific groups reflects particular environmental and reef
conditions. A healthy coral reef with high coral cover is
suggested to have a more diverse range of reef fish spe-
cies than a degraded reef with low coral cover. Reef fish
in coral reefs can be classified as herbivores, corallivores,
or carnivores [14, 15]. Herbivorous fish can maintain
ecosystem balance by controlling algae growth [16, 17];
corallivorous or coral-eating fish may act as indicators of
live coral health [18, 19]; and carnivores, or predatory
fish, may control the lower trophic level of the reef biota
community in coral reef ecosystems [8, 20].

Biak Numfor Regency is located in the northern part of
Papua Island, covering a total area of 2.602 km?, with a
coordinate location between 0° 55—1°27 South Latitude
and 134° 47-136° East Longitude [21]. The regency
consists of two large islands, Biak and Numfor, along
with 42 small islands. To the west, Biak Numfor Regency
is bordered by Manokwari Regency. To the east, it is bor-
dered by the Pacific Ocean. To the south, it is bordered
by the Yapen Strait. To the north, it is bordered by the
Pacific Ocean and Supiori Regency. Most of the local
community in Biak depends on fisheries for their liveli-
hood. For example, people rely on reef fish for their food
as a protein source [21]. Understanding the dynamics of
the reef fish community is critical due to their central role
in maintaining coral reef ecosystem balance as well as
their economic value. Reef fish may control algal popu-
lations that could harm or compete with corals, and can
indirectly contribute to coral recruitment processes in
coral reef ecosystems [10, 12]. However, research ad-
dressing how coral and turf algae cover affects reef fish’s
presence and distribution in Biak waters remains limited.

In this study, we examine the influence of the benthic
dominancy of coral and turf algae on reef fish diversity
and assemblages in the coral reef ecosystem. This re-
search is expected to provide insights into coral reef eco-
system management, particularly in the context of con-
servation and restoration.

Materials and Methods

Study areas. The study was conducted on the coral reef
ecosystems surrounding Biak Island, which is located in
Biak Numfor Regency, Papua, Indonesia. Biak Island lies
in the northern part of Papua, directly facing the Pacific
Ocean, and it is characterized by fringing and patch reefs
with varying exposure and substrate conditions. Fourteen
observation stations were established around the island to
capture the spatial variation in coral reef conditions
(Figure 1). The reef sites are close to the mainland areas,
and the reefs typically support a combination of corals
and algae. The site selection was based on the monitoring
sites established by the local government. Biak Island is
one of the regions in the Eastern part of Indonesia chosen
as a site for Coral Reef Rehabilitation and Management
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Program-Coral Triangle Initiative (Coremap-CTI) acti-
vities, which are funded by the World Bank [2, 14, 22].
The Coremap-CTI program is intended to promote
community-based management, focusing on sub-compo-
nents such as community empowerment and the sustaina-
ble management of coral reefs [2].

Field data collection. A benthic and reef fish community
survey was conducted via SCUBA diving at depths
around 3-5 m. The sampling took place in September
2016. Benthic community structure data were collected
using underwater photographic transect (UPT) [14, 15].
Data collection was arranged at each site by fixing a 50-
m plastic tape along the transect. Each transect was fur-
ther partitioned into three sub-transects to observe the
variation in benthic groups at each site. Photo quadrats of
58 cm x 44 cm (total area 2,552 cm?) [14] were taken
every 1 m along the transect with a Canon PowerShot
G16 digital camera with an underwater housing. Further-
more, reef fish richness was counted using an underwater
visual census (UVC) methodology along 70-m transects
at the same site at which the benthic community survey
was performed [23]. Individuals observed within 5 m on
either side of the transect line were identified at the spe-
cies level. For this survey, three groups of reef fish based
on feeding type (herbivore, carnivore, and corallivore)
were selected for the study. These three reef fish groups
are regularly surveyed across Indonesian waters, follow-
ing the Coremap-CTI monitoring guidelines [2].

Data analysis. The photos of the benthic groups (50
photos per station) were processed with the assistance of
Coral Point Count with Excel extensions (CPCe) soft-
ware [24]. The underwater photographic transect pictures
were analyzed to calculate each benthic group’s coverage.
The program was set to generate 30 random points on
each photo, and the benthic organisms below these points
per photo were identified. Thirty random points were
selected as a statistically appropriate number with which
to accurately represent benthic composition while keeping
analysis time manageable. For each point, we identified
the benthic groups belonging to hard coral, soft coral,
crustose coralline algae (CCA), turf algae (dead coral al-
gae), sponge, macroalgae, dead coral, other invertebrates,
rubble, and sand. The CPCe files were then prepared for
analysis by combining them into one dataset. All analyses
were performed in R software Version 4.0.2 [25]. The data
were transformed into percentages of cover per benthic
group for each transect. None of the data was normally
distributed. A stacked bar graph was created to display
the average percentage of coverage per benthic group for
each station. In addition, boxplots of the percentage of
coverage for coral and turf algae from the 14 stations
were made. This provided a visual assessment of the ben-
thic community composition across stations. A Pearson
correlation (r) test was conducted to examine the rela-
tionship between coral cover and turf algae cover.
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Fish species occurrence was calculated based on the pres-
ence of species at all the stations. Furthermore, a species
accumulation curve with 999 permutations was created
to evaluate whether most reef fish species had been col-
lected. Pearson correlation (r) tests were performed to ex-
amine the relationship between the cover percentage of
the benthic groups (coral and turf algae) and both the
number of fish species according to feeding type (carni-
vore, herbivore, or corallivore) and the total number of
fish species. Lastly, the composition of the benthic group
and reef fish communities among stations was visualized
using non-metric multidimensional scaling (NMDS)
[26]. The metaMDS function in the vegan package [27]
was implemented with the Jaccard dissimilarity [28] and
Bray—Curtis dissimilarity [29] matrix as input based on
the presence or absence of fish species and the total num-
ber of fish of each feeding type, respectively. Further-
more, an enfvit analysis was performed to analyze the in-
fluence of the explanatory variables (benthic group com-
position) on fish community assemblage across stations.

Results and Discussion

Benthic reef assemblages. The benthic community in
the Biak Island reefs was dominated by turf algae, fol-
lowed by hard coral, rubble, and other groups. Mean turf
algae cover reached 42.1%, while hard coral cover aver-
aged 26.1% across the 14 stations (Figure 2). The highest
turf algae cover was observed at Station 7, at 58.4%, and
the lowest was at Station 12, at 23.9%. The highest coral
cover was observed at Station 1 (53.7%), and the lowest
was observed at Station 6 (5.4%). Overall, the percentage
of cover for hard coral was lower than that for turf algae.
On the other hand, the mean coverage for soft coral was
2.5%, and it was found at only eight stations. The mean
crustose coralline algae (CCA) cover was 2.1%, and it
was observed in only nine stations. Similarly, sponge
coverage was observed at only 11 stations, with a mean
coverage percentage of 1.5%. Macroalgae coverage was
found at eight stations, with a mean coverage of 1.18%.
Additionally, the mean coverage values for other inver-
tebrates and recently dead coral were 4.0% and 2.3%, re-
spectively. Lastly, for abiotic benthic groups, such as
rubble and sand, coverage values were 7.6% and 10.6%,
respectively.

The coverage for coral (Figure 3A) and turf algae (Figure
3B) varied between the stations. There were seven sta-
tions with coral coverage below 25%: Station 3 (14%),
Station 4 (19%), Station 6 (5%), Station 7 (7%), Station
8 (11%), Station 9 (24%), and Station 11 (24%). These
stations also had higher turf algae coverage compared to
the other stations. As can be seen from Figure 3D, there
was a negative correlation between coral and turf algae
coverage. The lower the coral cover, the higher the turf
algae coverage (7 =-0.8, p = 0.0006). Coral reef monitor-
ing has been conducted in Biak Numfor by the Research
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Center for Oceanography at the Indonesian Institute of
Science, but this was done in different years and at dif-
ferent locations as compared to our study. The hard coral
coverage was 12% in 2015 [14], 13% in 2017 [22], and
35% in 2019 [15]. Overall, the coral cover in Biak waters
can be classified as poor (< 25%) to fair (25-50%) [2].
As a comparison, according to the coral reef monitoring
program conducted under Coremap-CTI in 2019, most
surveyed areas had fair coral coverage (37%), and just
around 6% of reef sites had excellent coral coverage (>
75%) [2]. Spatially, coral cover tended to be higher on
western and northern sites, which are more exposed to
oceanic currents and have lower sediment input, whereas
southern and eastern sites, with their greater exposure to
anthropogenic effects, showed elevated turf algae cover
[2]. Coral cover is declining due to increasing sea surface
temperatures, eutrophication, and overfishing [2, 30].
Subsequently, healthy coral reefs with high coral cover
may shift from coral-dominated reefs to algae-dominated
reefs [4, 31]. Numerous studies on reef benthic commu-
nity structure have highlighted algae as an opportunistic
group that thrives under elevated nutrient input, repre-
senting an intense source of competition for hard corals
[4]. A decline in coral cover may lead to the proliferation
of turf algae, which can become the dominant benthic
group in reef ecosystems. This shift may reduce coral di-
versity in coral reef ecosystems, which are critical habi-
tats for diverse marine organisms, including invertebrates
(e.g., molluscs, crustaceans, holothurians, and poly-
chaetes) and fish. Consequently, reducing habitat com-
plexity may decrease biodiversity and disrupt ecological
interactions within the reef ecosystem [30, 31]. Thus,
changes in the benthic conditions of the coral reef eco-
system are likely to influence the diversity and composi-
tion of reef biota.

Turf algae dominance indicates a potential phase shift
from a coral-dominated regime to an algal-dominated re-
gime. The prevalence of turf algae suggests reduced sub-
strate competition for corals and the potential suppres-
sion of coral recruitment. The existence and sustainabil-
ity of coral communities and benthic reef assemblages
are largely determined by the recruitment process that
produces new individuals, which appear at an early life
stage [32]. In addition, coral recruitment also shows an
increase in coral reef resilience and encourages recovery
after damage [33, 34]. The early life stage is a vulnerable
period for coral recruits to grow and develop into adult
coral colonies, including competition for space to grow
and survive, especially with the rapid growth of the turf
algae community [35, 36]. The results of the study show
that the direct control of algae growth or natural grazing
by various herbivorous biota, including herbivorous fish,
can increase the growth and survival of coral recruits to
adulthood [37, 38].
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Figure 1. Map of the Sampling Location, Biak Island, Biak Numfor Regency, Papua; (A) Indonesian maps, (B) Papua Re-

gions, (C) 14 Sampling Sites in the Study Area
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Figure 2. Cover Percentage for the Benthic Groups at 14 Stations in Biak, Papua; Note: CCA = Crustose Coralline Algae

Measurements of juvenile coral abundance showed a
negative correlation with turf algae, and juvenile coral
abundance was relatively low in the early stages after the
2016 coral-bleaching event in the waters of the Pieh Is-
land Marine National Park, West Sumatra, Indonesia
[34]. Turf algae communities were also found to be asso-
ciated with sediments, providing space closure and pre-
venting coral larvae from settling on the substrate [35].

Fish community assemblage. Across the 14 studied reef
sites, a total of 56 fish species, comprised of 14 carni-
vores, 21 corallivores, and 21 herbivores, were recorded
(Table 1, Figure 4). The carnivores consisted of four fam-
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ilies (Haemulidae, Lethrinidae, Lutjanidae, and Ser-
ranidae); the corallivores consisted of only one family,
Chaetodontidae (four genera), and the herbivores con-
sisted of three families (Acanthuridae, Scaridae, and Si-
ganidae). The most widely distributed carnivore species
was Lethrinus harak, which was found at five stations,
followed by Monotaxis grandoculis, which was found at
three stations. The Thumbprint Emperor L. harak, a com-
mon species in the Indo-Pacific, utilizes seagrass and
mangrove habitats as nursery grounds, transitioning to
reef habitats as they mature into larger adults [39]. Most
of the reef areas in our present study are adjacent to
seagrass and mangrove habitats, which likely support L.
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harak in its juvenile stages before they migrate to reef
ecosystems.

The most widely distributed species of corallivore were
the butterflyfishes Chaetodon citrinellus and Chaetodon
trifasciatus, which were found in 13 stations. Coralli-
vores are often considered reliable indicators of a healthy
reef [40]. Their species abundance can lead to coral loss
or increase corals’ vulnerability to other stressors, such
as thermal stress or disease outbreaks, as the corals may
already be weakened. The presence or absence of Chae-
todon species suggests that coral reef ecosystems have
experienced habitat degradation and changes in the avail-
ability of food sources, such as coral polyps and other
benthic invertebrates. The melon butterflyfish C. trifas-
ciatus and C. citrinellus belong to the obligate and facul-
tative corallivores, respectively [18]. Chactodon-tidae
can be classified as facultative or obligate corallivores,
which differ significantly in their dependence on coral re-
sources [18, 41]. Facultative coral feeders opportunisti-
cally feed on corals but can survive without including
corals in their diet. In contrast, obligate corallivores rely
heavily on corals for their diet, often feeding exclusively
on specific coral species and displaying strong prefer-
ences for particular types of coral [19, 42].

Lastly, the most widely distributed herbivore species
were Ctenochaetus striatus, found at 14 stations, fol-
lowed by Acanthurus pyroferus, which was observed at
11 stations. The diet of C. striatus includes filamentous
algae, macroalgae, microalgae, and detritus/ sediments
[12]. The presence of Acanthuridae C. striatus is influ-
enced by the characteristics of the reef substrate, with this
species commonly being found on various disturbed
reefs. Their diet might change in response to shifts in sub-
strate conditions due to environmental disturbances [12].
Reef sites in our study area are predominantly covered by
turf algae or dead coral algae, which is likely a feeding
ground for C. striatus. The impacts of fish on reef eco-
systems vary spatially and depend on reef fish diversity
and species identity [10]. Herbivorous fish play a vital
role in shaping the benthic communities on coral reefs
by regulating the abundance of the primary producers
of algae. Without herbivores to keep turf algae closely
cropped and remove the early stages of macroalgae, the
benthic community can shift to one dominated by algae
[17]. This transition is often accompanied by a significant
increase in algal cover when herbivores fail to control al-
gal proliferation, further exacerbating coral loss.

Regarding species richness across stations, the highest
richness was observed at Station 1, with 26 species, fol-
lowed by Station 3, with 21 species. The lowest richness
was observed at Stations 2, 6, and 12, which each had
only ten species. The species accumulation curve did not
reach an asymptote (Figure 5), indicating that the sampling
effort, which involved 14 stations, was insufficient to
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capture most species. As the number of samples influ-
ences species richness [43], increasing the number of
sampling locations on Biak Island would likely reveal
more species. Reef fish surveys conducted in the Biak re-
gion under the Coremap-CTI program have reported that
the reef fish diversity (carnivores, corallivores, and her-
bivores) was 113 species in 2015 [14], 108 species in
2017 [22], and 128 species in 2019 [15]. In comparison,
the present study recorded lower fish diversity (56 spe-
cies) at our sampling stations because our transect was
mainly at shallow depths of up to 5 m. Moreover, our sta-
tions is established along coastal areas and spatially
closer to one another, which likely caused us to misses
other reef fish species from the reefs that are further away
from our sites on Biak Island. Expanding the sampling
locations to include more reefs could increase the likeli-
hood of observing a greater diversity of fish species.

Relationship between reef fish diversity and benthic
group (coral and turf algae) coverage. We found that
there was no correlation between the number of carni-
vore species and coral coverage (»=0.47, p =0.09) and
turf algae coverage (r = -0.41, p = 0.15; Figure 6A).
Similarly, there was no correlation between the number
of corallivore species and the percentages of coral cov-
erage (r=0.42, p=0.14) and turf algae coverage (r =-0.2,
p =0.5) (Figure 6C). Even though we detected no corre-
lation based on the analysis, some patterns were ob-
served: With higher coral cover and lower turf algae
cover, the numbers of carnivore and corallivore species
increased (Figure 6A and 6C). On the other hand, there
was a negative correlation between the number of herbi-
vore species and coral coverage (r = -0.56, p = 0.037),
but no correlation between herbivore species and turf al-
gae coverage (r = 0.28, p = 0.32; Figure 6B). Overall,
there was no correlation between the total number of fish
species and coral cover (» =0.053, p = 0.86) or turf algae
cover (r=-0.069, p = 0.81; Figure 6D).

Consistent with [44], our correlation analysis reveals a
positive correlation between coral reef cover and the
abundance of corallivorous fish, suggesting that various
corallivore groups (the Chaetodontidae family) in Biak
waters rely on scleractinian corals for sustenance. This
correlation underscores the fact that the condition of cer-
tain coral reefs in Biak still impacts the composition of
corralivores. This dependence is attributed to coralli-
vores’ inherent reliance on live coral for food, which
makes them vulnerable to significant and widespread re-
ductions in live coral cover [19, 42]. Previous studies
show that corallivores play a crucial role in enhancing
our understanding of behavioral ecology within coral
ecosystems, as their feeding behavior and diet composi-
tion are directly reliant on coral [9, 45], thus making cor-
allivores closely associated with coral reefs and an indi-
cator of coral health [40]. The presence of corallivores
signifies that the coral reef ecosystem has undergone var-
ious modifications, such as habitat degradation, changes
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in the availability of preferred food sources (e.g., coral
polyps, invertebrates, and small crustaceans), and changes
in the marine conditions that support the habitat [40—42].

No correlation was found between herbivores and turf al-
gae; however, the trend line suggests that higher algal

studies indicate that herbivorous fish populations often
increase with greater food availability [16, 46], typically
following coral loss, during which algal abundance in-
creases [10]. Herbivores play a key role in maintaining

coral reef resilience and preventing coral—algal phase
shifts [17].

availability may increase herbivores presence. Previous
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Through grazing, they suppress algal growth, promote
coral survival and growth, and maintain suitable sub-
strates for coral recruitment [16]. A transition from coral
to algal dominance reflects reef degradation caused by
anthropogenic and natural disturbances. Inadequate her-
bivore populations allow excessive algal growth, increas-
ing the risk of long-term phase shifts [47]. A well-func-
tioning herbivorous fish assemblage helps sustain reef
health by reducing algal dominance and regulating com-
petitio between algae and reef-building corals [16], [46],
whereas carnivorous or predatory fish influence the
abundance and composition of other reef fish species [8],

Coral Reef Ecosystems of Biak Island, Papua 595

[20]. A decline in their species richness and abundance
can alter the structure of lower trophic levels and prey
communities, leading to shifts in biotic interactions and
overall reef community structure.

Non-metric multidimensional scaling (NMDS) ordina-
tion plots illustrate the variation in fish assemblage com-
position across sampling areas, reflecting differences in
species presence. Some clustering of stations can be seen
between those with coral coverage below 25% and those
with more than 25% coverage.

Species richness
10 20 30 40 50

0
|

I I I I
8 10 12 14

Station

Figure 5. Species Accumulation Curve for Reef Fish from the 14 Stations Near Biak Island, Papua
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The fish species Scarus dimidiatus (r* = 0.63, p = 0.007),
Acanthurus lineatus (r* = 0.75, p = 0.006), Acanthurus
pyroferus (r* = 0.76, p = 0.005), Ctenochaetus binotatus
(#* = 0.60, p = 0.016), Zebrasoma scopas (r* =0.71, p =
0.005), Chaetodon kleinii (¥* = 0.64, p = 0.005), Chaeto-
don rafflesi (r* = 0.56, p = 0.010), Chaetodon trifascialis
(#* =0.71, p = 0.003), Chaetodon unimaculatus (©* =
0.45, p = 0.037), Hemitaurichthys polylepsis (¥ = 0.54, p
=0.012), Heniochus chrysostomus (r* = 0.70, p = 0.001),
and Heniochus varius (r* = 0.69, p = 0.003) significantly
influenced the composition of fish community assem-
blages across sites. Furthermore, based on Figure 7B, the
NMDS ordination plot shows that carnivores (> = 0.77,
p =0.001), herbivores (> = 0.96, p = 0.001), and coralli-
vores (#* = 0.90, p = 0.001) significantly influenced fish
community assemblages across locations. Additionally,
the envfit analysis indicated that benthic coral (> = 0.72,
p = 0.001), turf algae (+* = 0.77, p = 0.001), dead coral
(* = 0.42, p = 0.048), other invertebrates (+*> = 0.55, p =
0.023), and rubble (2 = 0.47, p = 0.032) significantly in-
fluenced fish species composition across the sampling lo-
cations (Figure 7A), suggesting that these benthic sub-
strate types play a key role in structuring fish assem-
blages.

The reef fish community assemblage is not solely influ-
enced by coral and turf algae coverage. The reef fish
community is also affected by the presence and richness
of other benthic groups [48, 49]. We found that other in-
vertebrates and rubble also influence the composition of
reef fish assemblage. Benthic invertebrates in coral reef
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ecosystems, such as molluscs, crustaceans, polychaetas,
and echinoderms, are food sources for some carnivorous
fish. A greater diversity of benthic groups can support a
wider variety of organisms living within the reef ecosys-
tem, which, in turn, provides a more abundant and varied
food supply for reef fish [11, 48].

Additionally, a more complex and structurally diverse
reef habitat can support a higher diversity of reef fish by
offering more niches and feeding opportunities [10],
[11]. Thus, high rubble coverage reduces structural com-
plexity and limits the shelter available in which prey can
hide from their predators, resulting in lower reef fish di-
versity.

Environmental disturbances drive changes in benthic
habitats, leading to shifts in the composition of the reef
fish assemblages associated with these habitats [6, 48].
The composition of benthic habitats is crucial in deter-
mining the distribution of coral reef fish species [12].
Most coral reef fish rely on specific benthic habitats for
food, shelter, and nursery areas. Hard corals often serve
one or more of these essential functions. Some species
also depend on other benthic groups, such as turf algae,
benthic cyanobacterial mats, sponges, rubble, or sand
[48]. The composition of the benthic substrata, which
reef fish species depend on, is strongly influenced by the
composition of benthic groups [6, 48]. Another important
factor regarding the distribution of reef fish on coral reefs
is human activity [50, 51]. However, our study did not
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include the impact of human activities, such as overfish-
ing, on reef fish richness. Overfishing, especially that tar-
geting herbivorous coral reef fish, reduces grazing pres-
sure and can shift benthic dominance from coral to algae
[50]. Subsequently, a lack of herbivorous fish may influ-
ence the composition of carnivorous fish species assem-
blage due to the depletion of their diverse food sources,
subsequently influencing the ecosystem structure and
function [8, 52].

Conclusion

The coral cover in Biak Island, Biak Numfor Regency, is
considered fair, with an average coverage of approxi-
mately 26%. However, this area is at risk of shifting
from a coral-dominated reef to an algae-dominated reef,
as some locations exhibit high turf algae or dead coral
algae coverage. Changing the benthic cover and compo-
sition may affect the trophic structure of reef fish as-
semblages [18, 48]. The diversity of herbivorous fish
species correlated with the percentage of coral cover,
but not with turf algae cover. In contrast, no correlation
was observed between the diversity of corallivorous and
carnivorous fish and the benthic groups’ (coral and turf
algae) coverage. Nonetheless, a clear pattern emerged:
Areas with higher coral cover tended to support greater
numbers of corallivorous and carnivorous fish species.
Conversely, higher turf algae cover was associated with
fewer corallivorous and carnivorous fish species in the
ecosystem. Future studies should include data on the
abundance and biomass of reef fish to better understand
their ecological roles within the coral reef ecosystem.
Such data would provide valuable insights into the con-
tributions of reef fish to coral reef health and resilience.
Moreover, the impact of overfishing on reef fish and ben-
thic community structure could be studied. This research
provides critical information for local government au-
thorities attempting to manage their coral reefs effec-
tively, as these ecosystems play a vital role in supporting
the livelihoods of local communities. The sustainable
management of coral reefs is essential for maintaining
both biodiversity and their socioeconomic benefits.
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