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Abstract. Sofyan JF, Ambariyanto A, Suwartimah K, Toha AHA. 2020. Relationship between the biomass of reef shark and fish in South
Morotai Waters, North Maluku, Indonesia. Biodiversitas 21: 5605-5613. This study aims to determine the biomass of reef shark and fish
in South Morotai Waters in North Maluku, Indonesia. The Audible Stationary Count and Underwater Visual Census method were used to
collect the data of reef sharks and fish. Seven and one site locations of coral reef and shark ecosystems were surveyed and, the data were
analyzed using regression analysis to obtain a correlation between the variables. The three reef sharks found were Carcharhinus
melanopterus, Triaenodon obesus, and Carcharhinus amblyrhynchos. Biomass estimation of reef sharks and fish ranged from 0.59 to 19.97
kg/ha and 30.95 kg/ha to 49.92 kg/ha, consisting of 8 families. In the area of aggregations, both species were found in 7 sites, and the
population of reef shark amounted to 86.96 kg/ha and fish was around 55.705 kg/ha, consisting of 9 families. There was a positive
relationship between the biomass of reef shark and fish in South Morotai waters, and the index of determination was 0.8043, showing that
the biomass of reef shark was influenced by that of fish. These results indicated the importance of biomass in determining the functional

composition and diversity of reef shark and fish.
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INTRODUCTION

Sharks are important organisms found in the ocean
ecosystem, especially in structure of reef food webs
(Ferretti et al. 2010). Roff et al. (2016) identified some
potential ecological functions of sharks on coral reefs, such
as nutrient cycling (Schmitz et al. 2010), scavenging
(Wilson and Wolkovich 2011), habitat disturbance (Begg et
al. 2003), and the removal of invasive species (Wallach et
al. 2015). Marine organisms carry out a diverse range of
trophic roles in coral reef ecosystems (Roff et al. 2016), as
apex predators (Heupel et al. 2014; Roff et al. 2016) or
high-level mesopredators (Frisch et al. 2016; Roff et al.
2016), and also labelled generically as ‘apex’, ‘top
predators’, or ‘generalist top predators’ (Ceccarelli and
Ayling 2010; Hasan and Widodo 2020). The sharks in food
webs exert a powerful influence over other species in the
lower levels (Bornatowski et al. 2014), and are distributed
over a broad range of habitats in every ocean. Those from
Carcharhinidae Family are found in reefs' community to a
certain extent, with a few occurring in freshwater
environments (Igbal et al. 2019; Hasan and Widodo 2020).
Some of the species inhabit the coral reef ecosystems,
namely whitetip (Triaenodon obesus), grey (Carcharhinus
amblyrhynchos), and blacktip reef shark (Carcharhinus
melanopterus) (Carrier et al. 2010), and they move over
relatively large areas, often the entire community (Heupel
et al. 2014).

Reef fish represent the most diverse assemblages of
vertebrates on the planet, and their diversity was found at
every local scales, therefore, hundreds of species co-occur
within relatively small areas. They also have the broadest
geographical distributions (Choat and Russell 2008), and
their community plays critical functional roles, such as the
main component in aquatic ecosystems (Nabil et al. 2018)
and as protein source (Duffy et al. 2016). These vertebrates
are indicators for coral condition (Nabil et al. 2018), also,
they are important predators or grazers in their community.
They are the largest number of organisms and a constituent
of the community structure in coral reef ecosystems. One
cause of the high diversity in this community is habitat
variation (Agrra 2020).

Biomass, which is the total weight of fish per unit area,
is related to evenness and the environment (Maureaud et al.
2019). Fish biomass at the community and ecosystem
scales is an important indicator for trophic structure, the
overall reproductive output of fish, stock status, fishing
pressure, habitat conditions, and recruitment success of reef
(Agrra 2020). This indicator is a key proxy for coral reefs
(McClanahan et al. 2016). The biomass of shark and fish, is
a primary driver of coral reef ecosystem services
(McClanahan et al. 2016), their diversity plays a role in
maintaining reef structure and processes (McClanahan et
al. 2011; Chong-Seng et al. 2014). The estimates of fish
biomass, their spatial distribution, and recovery potential
are important for evaluating reef status, and setting
management targets (McClanahan et al. 2016).


mailto:h.toha@unipa.ac.id

5606 BIODIVERSITAS 21 (12): 5605-5613, December 2020

One of the Interactions between species in a community
is the meal-consuming activity, and this process eventually
forms a food web in the ecosystem. In tropical waters, there
are five components of food web (Ruppert et al. 2016) as
follows, the primary producers, namely phytoplankton are
eaten by zooplankton. Then small fish that eat plankton and
macroalgae (herbivores and planktivores) or both eaters
(omnivores) occupy the 3rd trophic level. The bigger fish
acting as a carnivorous animal (carnivore) occupy the 4th
and 5th trophic levels. The top predators are found at the
peak of the food web (Link et al. 2012), and reef fish
abundance is closely related to this level. Theoretically,
large sharks as top predators help in restoring the health of
coral reefs indirectly by preying on predatory fish of lower
trophic levels. Carnivorous fish has a great opportunity as
the main prey of sharks, because its existence is the most
found on coral reef ecosystems (Mukharror et al. 2017).
However, a critical evaluation of the available empirical
studies (Roff et al. 2016) showed that shark—herbivore
interactions occur relatively infrequently on most present-
day reefs (Rizzari et al. 2015).

South Morotai in North Moluccas has rich marine
ecosystems with corals, reef fish, and sharks (Ministry of
Marine Affairs and Fisheries, Republic of Indonesia, and
USAID Sustainable Ecosystems Advanced Project 2018).
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This area has been identified as a priority for sustainable
fisheries management (Retnoningtyas et al. 2017). Many
studies have investigated the reef fish (Nabil et al. 2018)
and sharks (Pridina 2015; Ichsan et al. 2016; Mukharror et
al. 2019; Mukharror et al. 2020), and also their relative
abundance (Mukharror et al. 2018). However, no study has
yet measured the relationship between the biomass of reef
fish and shark. Therefore, this research is essential for
improving basic management action to conserve or
enhance ecosystem resilience. An important step in this
study is to understand reef shark and fish biomass, as well
as to examine their relationship at the trophic level
(Graham et al. 2015; Mouillot et al. 2016; McClanahan and
Jadot 2017). For this reason, this study aims to determine
the biomass of both species in South Morotai Waters in
North Moluccas.

MATERIALS AND METHODS

Study area

Observations of reef sharks and fish were performed at
8 locations with several considerations, such as the
existence of coral reefs, their depths, and the information
on sharks appearance (Table 1, Figure 1).
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Figure 1. Location of reef shark and fish observation in South Morotai Waters, North Maluku Province, Indonesia. The seven locations
observed were: 1. Dodola Utara; 2. Dodola Selatan; 3. Kolorai Utara; 4. Kolorai Selatan; 5. Kokoya Utara; 6. Kokoya Selatan; 7. Matita
Selatan, and was carried out at a particular site that was suspected as shark aggregation areas in South Morotai at Matita Utara (A)
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Table 1. Research locations in South Morotai Waters, North
Maluku Province, Indonesia

Site location Latitude (N) Longitude (E)
Dodola Utara 2°05°33.66” 128°10°52.18>
Dodola Selatan 2°04°36.09” 128°11°10.40”
Kolorai Utara 2°03°23.71” 128°12°23.09”
Kolorai Selatan 2°02°52.98” 128°12°28.40”
Kokoya Utara 2°01°21.01” 128°13°24.78>
Kokoya Selatan 2°00°48.32” 128°13°14.57>
Matita Utara 1958°04.87” 128°14°06.15”
Matita Selatan 1057°47.53> 128°13°39.03”

Data collection

Audible stationary count (ASC) method was used
during observations of reef sharks (Frisch 2013). The
working principle was to use an empty plastic bottle which
was repeatedly squeezed to generate a low-frequency
sound for attracting sharks to the point of diver's station.
The distance of shark response in the ASC method was 80
m. The observation area (AoA) was calculated using the
formula by Frisch (2013), and the reef sharks were
identified to the species level.

Reef fish data collections were carried out using
underwater visual census (UVC) (English et al. 1997) with
an imaginary line along 5 m for small (total length 10-35
cm) and 20 m for large fish (total length > 35cm), and
stretched along the belt transect of 50 m at depth 10-12 m
in each site. Observations were performed by counting
each individual and identifying them in their family level,
and also estimating the total length of each fish, which
produce more precise results for assessing their abundance
and biomass (Juhel et al. 2017).

Data analysis

The output from the data processing included the value
of density and biomass at each site location. The density
value (per ha) was calculated using the formula by Wilson
and Green (2009). Both reef fish and shark biomass were
estimated using the length-weight equation, W = alL® as
described by Kulbicki et al (2005), where W= fish weight
in grams (g), L= Total length of fish in centimeter (cm), a
and b= constant of species. The biomass in hectares was
evaluated for each site using the formula by Wilson and
Green (2009). The correlation analysis was performed
using the regression procedure, which aimed to determine
the relationship between the biomass of reef shark and fish.

RESULTS AND DISCUSSION

Biomass of reef shark

A total of 15 sharks were observed on the ASC, across
7 different locations, namely Dodola Utara (n = 3), Dodola
Selatan (n = 3), Kolorai Utara (n = 4), Kolorai Selatan (n =
1), Kokoya Utara (n = 1), Kokoya Selatan (n = 2), and
Matita Selatan (n = 1) (Table 2). Three species of reef
sharks were found including the Carcharinidae family,
namely Carcharhinus melanopterus, Triaenodon obesus,
and Carcharhinus amblyrhynchos. They were the most
known reef-generalist species, and include the larger and
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more mobile living year-round on corals (Heupel et al.
2019). The diversity of reef sharks was also dominated by
the same three species in the Solomon Islands (Goetze et
al. 2018) and in Palmyra Atoll (Stevenson et al. 2006).
According to Carrier et al. (2010), sharks of the
Carcharhinidae family settled on coral reefs, namely T.
obesus, C. amblyrhynchos, and C. melanopterus. These
results were different from those observed by Juhel et al.
(2017) in New Caledonia (South-Western Pacific) (9
species), Mourier et al. (2016) in Fakarava Atoll (French
Polynesia) (5 species), and Mukharror et al. (2017) in
South Morotai, observed that there were two species of reef
shark and none of the C. amblyrhynchos.

The largest reef shark observed was C. amblyrhynchos
(130 cm) in Matita Selatan and the smallest was C. melanopterus
(50 cm) in Kokoya Utara and Selatan. The total length
across all species for C. amblyrhynchos was 130 cm, C.
melanopterus was 75.7 cm and T. obesus was 85 cm. Body
size was an important determinant of ecological role, fitness in
fishes (Barley et al. 2017), and influences predator-prey
interactions (Dobashi et al. 2018). C. amblyrhynchos was
found only in Matita Selatan 1.3 m in size and 15.5 kg/ha
in biomass. This length was categorized as sexual maturity
size. According to Froese and Pauly (2019), C. amblyrhynchos
with adult sizes ranged from 92 to 142 cm. Moreover, this
species was less than 1.9 m long (Compagno 1984), while
Bester (2009) reported that its maximum length and weight
were 2.6 m and 33.7 kg. C. melanopterus total length varies
from 50 cm in Kokoya (Utara and Selatan) to 110 cm in
Dodola Selatan, and its biomass ranged from 0.59 to 9.4
kg/ha. C. melanopterus typically attained a length of 1.5
(Chin et al. 2013) or 1.6 m (Corrigan and Naylor 2018), while
its maximum reported weight was 13.550 kg (IGFA 2001).
Its length at maturity ranged from 91-120 cm (Froese and
Pauly 2019). Their adult females ranged in size from 101 to
160 cm TL (mean = 147.0 cm TL) (Rhodes et al. 2019).
Then 50 cm TL was similar to its size at birth ranging from
33-52 ¢cm (Compagno 1984). Meanwhile, T. obesus in
Morotai has 85 cm TL and 2.5 kg/ha in biomass, relatively
small species, and few were longer than 1.6 m. Its
maximum length was often given as 2.1 m, though this was
originally based on visual observations and sometimes
dubious (Randall 1977). The maximum reported weight
was 18.3 kg (IGFA 2001). The positive association with fish
biomass was independent of body size (Maire et al. 2018).

The biomass of the reef shark ranged from 0.59 to
19.97 kg/ha, the highest was 19.97 kg/ha in Dodola Selatan
and the lowest was 0.59 kg/ha in Kokoya Utara (Figure 2).

There were several physicals, structural (Gove et al.
2013), and coral reef conditions (Coral Triangle Center
2017) differences that vary across locations explaining the
variation in reef shark diversity and biomass. And was
found to vary from worse and moderate to good in several
islands of Morotai (Coral Triangle Center 2017; Purba et
al. 2019). Coral-reef health is an essential driver for the
abundance of sharks (Espinoza et al. 2014). In some places,
there was much coral rubble, possibly from those destroyed
by boat anchors or dynamite fishing. On the other side of the
island, around Matita, Kokoya, and Dodola, there were some
spots with good healthy corals (Coral Triangle Center 2017).
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Table 2. Reef Shark found in 7 locations
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Total length (cm/ind.) Biomass (kg/ha/ind.)

75 2.458
75 2.458
75 2.458
60 11.237
110 94.214
110 94.214
55 0.8281
55 0.8281
100 67.439
85 25.481
90 46.601
50 0.5927
50 0.5927
80 30.828

Site Location n Species
Dodola Utara C. melanopterus
3 C. melanopterus
C. melanopterus
Dodola Selatan C. melanopterus
3 C. melanopterus
C. melanopterus
Kolorai Utara C. melanopterus
4 C. melanopterus
C. melanopterus
T. obesus
Kolorai Selatan 1  C. melanopterus
Kokoya Utara 1  C. melanopterus
Kokoya Selatan 5 C. melanopterus
C. melanopterus
o~ 25,00
5_‘4 20,00
-
£ 15,00
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& 1000 7,37 ?
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Site Location

Figure 2. Biomass of reef shark (Carcarhinidae) in 7 site
locations
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Figure 3. Biomass of reef fishes in 7 site locations

Biomass of reef fish

Reef fish biomass varied across locations from 30.95
kg/ha to 49.92 kg/ha. Reef fish biomass was highest at
Dodola Selatan (2) amounting to 49.92 kg/ha and
consisting of 8 families. Two site locations with the lowest
value of fish biomass were Kokoya Selatan (6) with the
value of 30.95 kg/ha and Kokoya Utara (5) amounting to
31.73 kg/ha (Figure 3).

Both locations consisted of 6 families. In other oceans,
reef fish biomass ranged from 7500 kg/ha for the Chagos
Islands (Graham and McClanahan 2013) to <600 kg/ha in
various fisheries (McClanahan and Abunge 2015). Based
on community-wide scan approach, Maire et al. (2018)
showed that a median level of reef fish biomass was higher
(560 kg/ha, range: 439-773 kg/ha) than that observed when
there was absent of crucial species (370 kg/ha, range: 337-
385 kg/ha).

This study showed that reef fish biomass at South
Morotai was more scarce than other locations, and was
positively associated with their habitat structural
complexity (Graham and Nash 2013). Many factors
affected the value of fish biomass abundance, live coral
cover, substrate diversity, and structural complexity
(Kulbicki et al. 2005). The abundances of coral reef fishes
were driven by both top-down and bottom-up processes
and changes in the trophic structure were attributed to one
of these processes, assuming both were quantified
simultaneously (Conversi et al. 2015). According to
Vincent et al. (2011), benthic cover and fishing intensity
influenced the biomass of herbivorous fish communities
more on the reefs, while reef type has little effect on
herbivore fish biomass. Moreover, Vincent et al. (2011)
assumed that a factor other than reef geomorphology was
responsible for the observed differences in herbivorous fish
populations. Robinson et al. (2016) asserted that
temperature and oceanic productivity were both strong and
have positive influences on reef fish biomass.

This study observed 8 distinct families of reef fishes,
such as Acanthuridae (surgeonfish), Caesionidae (fusilier),
Carangidae (trevally), Haemulidae (sweetlips), Lutjanidae
(snapper), Scaridae (parrotfish), Serranidae (grouper), and
Siganidae (rabbitfish). All the families, except Scaridae,
were significantly and positively related to coral cover
(Maire et al. 2018). Out of these eight families, the
Acanthuridae, Scaridae, Siganidae, Caesionidae, and
Lutjanidae were always found in every location. The
previous study has shown different results with both 14
(Nabil et al. 2018) and 32 families (Mukharror et al.
(2017).
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Three families classified as mesopredator functional
groups were Haemulidae, Serranidae, and Lutjanidae.
Both Lutjanidae and Serranidae (snapper and grouper
respectively) were omnivorous and  opportunistic
carnivores. Family Scaridae was classified as an excavator
and scraper functional group. While the families of
Acanthuridae and Siganidae were classified as detritivore
or algal cropper functional group (Cooper et al. 2019). The
Carangidae were also classified as predatory fishes (Choat
and Russell 2008). The Acanthuridae, Scaridae, and
Siganidae were classified as herbivorous groups.
According to Puk et al. (2016), the coral reefs in the Indo-
Pacific region were dominated by herbivorous fish mainly
from the family of Acanthuridae, Scaridae, and Siganidae.
The three families were predominantly grazers (Vincent et
al. 2011; Cooper et al. 2019) and play an essential role in
maintaining resilience in coral reefs by limiting the growth
of macroalgae (Hughes et al. 2007) and creating sufficient
available substrate for planulae settlement (Bonaldo and
Bellwood 2009).

The family of Lutjanidae (snapper) is an economically
important fish used in the fisheries. In ecology, they are
predators fish grouped under apex predators. This family
always gathered in large numbers in the shallow waters of
the coral reef ecosystem when foraging, and it has become
one cause of biomass in Lutjanidae, greater than other
families (Froese and Pauly 2020). Caesionidae, classified
as planktivorous functional groups (Cooper et al. 2019),
also contributed significantly to the value of biomass in
each site location. Although this family has relatively small
individual sizes with an average < 30 cm, an abundance of
these fish was found in groups (schooling) that positively
contributed to the value of biomass. This family has
dependence on the current which brought zooplankton as a
source of food. Their role in ecology is connected to the
food chain on coral reef ecosystems to open water areas.
However, only four families (Acanthuridae, Labridae,
Lutjanidae, and Serranidae) presented key species,
significantly associated with fish biomass. Besides, only
six functional entities were familiar and significantly
associated with biomass, namely small and medium
herbivores, small planktivores, medium and large fishes
targeting mobile invertebrates, and mesopredators (Maire
et al. 2018).

Reef shark and reef fish biomass in aggregation areas

Reef sharks have been reported to aggregate locally
over shallow reef areas in Matita Utara. This Island has
quite good coral reef conditions as well as an area known
for schooling blacktip reef-shark (Coral Triangle Center
2017). On this island, 13 sharks were found consisting of
only one species, which was C. melanopterus. Weideli et
al. (2015) also observed the foraging events on the
aggregation area by C. melanopterus at the Moorea island.

Each shark has a size of the total length variety from 75
to 120 cm. The biomass of C. melanopterus was recorded
along the island, values ranged from 2.46 kg/ha to 12.78
kg/ha. The total reef shark biomass was 86.96 kg/ha (Table
3).
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Matita island is a small place known for schooling
blacktip reef-shark (Coral Triangle Center 2017). On this
island, aggregation events influenced the movement
patterns and activity of reef sharks. Aggregation behavior
is a special condition in Matita Utara (A) made possible by
different factors. During spawning season, reef shark daily
detections increased, indicating the use of this technique
for foraging by elasmobranchs (Rhodes et al. 2019). The
factors associated with an abundance of reef sharks were
prey or reproductive activities (Mourier and Planes 2013).
And according to Heupel (2010), the functions relating to
the aggregation behavior of sharks were reproduction or
mating and a form of predator avoidance.

Nine families of demersal fishes largely dominate the
reef of Matita Utara, three herbivorous (Siganidae,
Acanthuridae, and Scaridae), and five carnivorous
(Serranidae, Lutjanidae, Carangidae, Haemulidae, and
Lethrinidae). Caesionidae was closely related to Lutjanidae
and possessed several planktivorous modes of life
(Carpenter 1988). Generally, biomass is mostly dominated
by Acanthuridae, followed by Caesionidae, Siganidae,
Lethrinidae, Carangidae, etc. (Table 4). The average
biomass of reef fish in the shark aggregation area was 55.7
kg/ha. The biggest contributors to biomass in the site
location were Acanthuridae (230 kg/ha) and Siganidae (54
kg/ha) as herbivorous fish. The substrate in the reef of
Matita was characterized by a dominance of live-algae, and
its combination with healthy reef and predators, as well as
both juvenile and adult fish of all types, explained the
dominance of its herbivorous family, followed by the
sharks and both planktivorous and carnivorous.

Both reef sharks and fish biomass have high biomass
(86.9 kg/ha and 55.7 kg/ha, respectively), correlating with
the findings that coral reef ecosystems with top predator
levels supported high levels of herbivores (Mumby et al.
2006; Stevenson et al. 2006). In Matita Utara, reef shark
(86.9 kg/ha) was the dominant fishes in biomass and higher
than that of fish (55.7 kg/ha).

Table 3. Biomass of C. melanopterus in aggregation areas (A.
Matita Utara)

n Total length (cm) Biomass (kg/ha)
1 100 6.7439
1 100 6.7439
1 100 6.7439
1 120 12.7844
1 80 3.0828
1 80 3.0828
1 85 3.8134
1 85 3.8134
1 90 4.660
1 115 11.0113
1 115 11.0113
1 115 11.0113
1 75 2.4582
Total 13 86.9612
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Table 4. Average of reef fish biomass in aggregation areas (A.
Matita Utara)

Family Biomass (kg/ha)
Acanthuridae 230.970
Caesionidae 62.150
Carangidae 35.226
Haemulidae 22.872
Lethrinidae 46.658
Lutjanidae 22.534
Scaridae 7.086
Serranidae 19.666
Siganidae 54.189
Average of biomass 55.705
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Figure 4. Regression model of reef fish and shark biomass

Relation of reef shark biomass and reef fishes biomass

Results from this analysis showed the distribution of the
data forming linear trend with a positive correlation
between the biomass of reef sharks and fish biomass. The
coefficient of determination (R?) was 0.8043 or 80.43%,
indicating that there was a healthy relationship. It shows,
great reef shark biomass also had a high biomass of reef
fish. This result supported the general hypothesis that
ecosystems with many predators (reef sharks) have much
herbivorous fish (reef fish) (Stevenson et al. 2006). The
regression model showed that the increase in reef fishes
biomass increased with shark.

The abundance of these reef fishes was important as an
early indication of shark existence in South Water of
Morotai Island (Mukharror et al. 2017). Frisch et al. (2016)
and McCauley et al. (2012) asserted that reef sharks are
important predator connecting lagoons to habitats and
offshore ecosystems, and exerting predation influence over
a range of taxa. Reef shark assemblages include both reef-
dependent species, such as C. amblyrhynchos, C.
melanopterus, and T. obesus (Frisch et al. 2016).

Reef shark and fish are often associated with coral
ecosystem.They were both consumers which either directly
or indirectly depend on primary producers for food energy.
They also have predator-prey relationships, which was the
interactions between two species where one was the hunted
food source for the other. The organism that feeds was
called the predator and the organism that was fed upon was
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the prey. Some reef sharks were predators for reef fish’s
families, such as Caesinidae, Carangidae, Serranidae
(Froese and Pauly 2020). While reef fish families were also
predator for other nekton, crustaceans, mollusks,
echinoderms, polychaetes, and categorized as a
carnivorous, namely Serranidae (Speed et al. 2019),
Carangidae (Speed et al. 2019; Froese and Pauly 2020),
Lutjanidae (Anderson and Allen 2001), and Lethrinidae
(Speed et al. 2019). In contrast, Siganidae, Acanthuridae,
and Scaridae were grazers or herbivorous fishes (Vincent et
al. 2011), and were predators in the food chain. Roff et al.
(2016) showed that sharks occupy a diverse range of
trophic roles in coral reef ecosystems. The trophic positions
vary substantially among species, size class, habitat use,
behaviour, and ontogeny (Heupel et al. 2014).

The presence of reef sharks affected the formation of
trophic ecology on a coral ecosystem (Ferretti et al. 2010;
Roff et al. 2016), such as apex or meso-predators (Osgood
and Baum 2015; Roff et al. 2016). Furthermore, keeping
the abundance, distribution, and diversity of species, also
provides an important food source for scavenger organisms
and eliminating a sick and weak organism in a population
(Lynam et al. 2017). According to Wallach et al. (2015),
apex predators are usually large-bodied animal that occupy
the highest trophic level. Roff et al. (2016) asserted that
reef sharks did not act as apex predators, instead functioned
as mesopredators along with a diverse group of fish. There
was an interaction strength between reef sharks and their
prey that impacts the ecosystem dynamics. In addition,
Roff et al. (2016) stated that reef fish and shark interaction
was dependent on population abundance, body size, trophic
level, and diet specialisation.

Conservation and management

The presence of reef sharks was inseparable from
threat, because the waters of South Morotai did not have
marine protected areas which provide a potential fishing
site (Dharmadi et al. 2015). According to the International
Union for the Conservation of Nature (IUCN), C.
melanopterus, C. amblyrhynchos, and T. obesus were
considered near threatened, and also vulnerable to negative
impacts of fishing pressure and habitat destruction (Heupel
2009; Smale 2009).

In addition, based on the IUCN Red List, some species
in the distinct families of reef fish in South Morotai were in
threatened categories globally. One specie in the
Acanthuridae family was listed as vulnerable (Myers et al.
2012), also, one Carangidae specie was labelled as near
threatened (Carpenter et al. 2018) and three as vulnerable
(Smith-Vaniz et al. 2015; Smith-Vaniz et al. 2018a; Smith-
Vaniz et al. 2018b). The family of Lutjanidae contained
five threatened species, two were listed as near threatened
(Lindeman et al. 2016a; Lindeman et al. 2016b) and three
as vulnerable (Anderson et al. 2015a; Lindeman et al.
2016c; Lindeman et al. 2016d). Three species in the
Serranidae were listed as endangered, (Robertson et al.
2010; Anderson et al. 2015b; Moran and Puebla 2020), 4 as
vulnerable (Roberts 1996a; Roberts 1996b; Smith-Vaniz et
al. 2010; Smith-Vaniz et al. 2010), 4 as near threatened
(Acero 1996; Cornish 2004; Bearez et al. 2010; Smith-
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Vaniz et al. 2015), 1 as critically endangered (Robertson
and Carpenter 2019), and 1 as vulnerable (Carpenter and
Smith-Vaniz 2016).

Barley et al. (2017) found that sharks (and also reef
fish) were significantly more diverse, abundant, larger in
size, and greater in biomass in the marine reserve, relative
to the fishing area. The most effective method of
maintaining fish species and their ecological roles was to
prevent their biomass from falling below a critical level
(McClanahan and Jadot 2017). Reef fish biomass is an
important driver for the abundance of sharks (Roff et al.
(2016). The results indicated the importance of reef shark
and fish biomass, their functional composition, and
diversity. This suggested a need to manage biomass in
order to retain these attributes in the fish community for
ecosystem-based management. Protecting and managing
fish biomass as opposed to unique locations, is a key
recommendation for both conserving and managing the
diversity of reef fish and shark in the South Morotai waters,
and possibly more broadly. Therefore, Goetze et al. (2018)
found that, location was the most important factor
influencing reef sharks, which was primarily driven by a
significantly greater abundance and biomass in the more
remote sites.
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