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Abstract. Achmad DS, Gani S, Ardiansyah W, Mokoginta MM, Nurdin MS, Jompa J, Indrianti MA, Achmad N. 2022. Population
dynamics of reef fish in the Kwandang Bay, Sulawesi Sea, Indonesia. Biodiversitas 23: 5217-5226. The grouper stocks in Kwandang
Bay, Sulawesi Sea, Indonesia, are dominated by orange-spotted grouper (Epinephelus coioides) and coral trout (Plectropomus
leopardus). However, the Kwandang Bay grouper fishery is currently experiencing serious challenges due to population decline
resulting in a decline in both the average size of fish caught and the production volume. This study was conducted in Kwandang Bay,
Sulawesi Sea, from January to December 2021. The population dynamics parameters estimated were growth, recruitment, mortality,
exploitation rate and yield per recruit. The results showed that the total length (TL) of E. coioides and P. leopardus ranged from 16.50-101 cm
and 17.90-60 cm, respectively, with Von Bertalanffy K-coefficients of 0.38 and 0.69, respectively. Recruitment occurred during most of
the year, with respective recruitment value ranges of 0.99-17.11% and 0.08-19.22%. Natural and fishing mortality was 0.69/year* and
0.87/year* for E. coioides, 1.16/year* and 1.47/year for P. leopardus. Beverton and Holt yield per recruit analysis indicated recruitment
overfishing of both E. coioides and P. leopardus. Fishing regulations are needed to maintain a sustainable grouper fishery, including a 25%

reduction in fishing vessels and gear, to enable the groupers of Kwandang Bay to spawn at least once during their life cycle.
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INTRODUCTION

Groupers are arguably the most intensively exploited
group of coral reef-associated fish, especially in the Live
Reef Fish Food Trade (LRFFT); they are a highly-priced
commodity much in demand in both domestic and export
markets (Jefri et al. 2015; Damora et al. 2021; Dwifajri et
al. 2022). With the rising global demand for reef fish, the
LRFFT in general and the grouper export trade, in
particular, have made significant contributions to the
Indonesian economy, both financially and in terms of
employment, with annual export values reaching 571
billion IDR (MMAF 2020). While with groupers are also
exported frozen and fresh, live groupers comprise over
50% of Indonesian grouper exports and also fetch the
highest price. The main destination for live reef fish from
Indonesia is Hongkong, which is both a major consumer
and a hub for the Asian LRFFT, including markets in
mainland China (Khasanah et al. 2020).

Kwandang Bay, facing the Sulawesi Sea on the north
coast of Gorontalo Province, is situated in the Coral
Triangle, which is also the center of reef fish diversity
(Allen 2008). According to official statistics, there are 21
islands in the Kwandang Bay area. These islands are
surrounded by coral reefs, with many also having seagrass
and/or mangrove ecosystems (Olii et al. 2015; Kasim et al.
2018; Yusuf and Indrawan 2019). Several have been or are
being developed as tourist attractions, including Saronde,
Ponelo, Bogisa, Hulawa and Lampu Island (Yusuf and
Indrawan 2019; Manyoe et al. 2022). The tropical coastal
ecosystems and plankton-rich waters of Kwandang Bay
combined with natural harbor features have made
Kwandang Bay in North Gorontalo District the main center
for both pelagic and reef fisheries in Gorontalo Province
(Sahami et al. 2017; Chodrijah et al 2020; Achmad et al.
2021). The Kwandang Bay grouper fishery is dominated by
small-scale fishers and community fisheries operated at the
household scale, using simple fishing gear and fishing
methods (Achmad et al. 2020; Achmad et al. 2021). It is
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estimated that around 3700 people depend on the
Kwandang Bay grouper fisheries for their livelihoods, and
the area is the site of a pilot project for implementing the
Ecosystems Approach to Fisheries Management (EAFM)
(Achmad et al. 2020).

The high price of groupers in the international
marketplace has increased the demand for this commodity
(Ogongo et al. 2015). In Kwandang Bay, fishermen can be
paid around IDR 300,000/kg for live coral trout
(Plectropomus leopardus) and IDR 65,000/kg for live
orange-spotted grouper (Epinephelus coioides). The market
demand for fresh and frozen grouper commodities has also
increased (Sadovy et al. 2013). The high price and market
demand have driven fishers to catch groupers in large
quantities in an uncontrolled manner (Khasanah et al.
2020). These efforts have included the use of destructive
gears, including explosives, poisons, and trawls, further
exacerbating the risk of overfishing (Bulanin et al. 2017;
Sadovy et al. 2020).

According to Giménez-Hurtado et al. (2005) signs of
high levels of exploitation include changes in the size
composition of fish populations with a higher proportion of
small-sized fish, which in turn has a significant negative
impact on reproductive capacity. This phenomenon has
been reported in Kwandang Bay. Achmad et al. (2019)
found that the grouper catch was dominated by small-sized
groupers. Furthermore, a positive (increasing) trend in the
fishing effort has been accompanied by a negative trend in
grouper production volume (Achmad et al. 2017; Achmad
et al. 2018). The uncontrolled increase in fishing efforts
can be considered a threat to the grouper stocks (Cheung et
al. 2013; Kandula et al. 2015) in Kwandang Bay.

Rational and appropriate fisheries management
approaches are required to maintain the grouper stocks of
Kwandang Bay. Formulating such measures requires up-to-
date and valid data on the population dynamics of the target
stocks (Suradi et al. 2017; Sabrah et al. 2018; AbouelFadl
and Farrag 2021). Key population dynamics parameters
include growth, mortality, exploitation rate, and
recruitment (Kirubasankar et al. 2013; Mehanna et al.
2013; Sabrah et al. 2015; Ramachandran and Ramalingam
2020). Data on grouper population dynamics in Indonesia
are still limited, although studies have been carried out in
Taka Bonerate National Park Waters (Fatma et al. 2021),
Spermonde Archipelago in South Sulawesi (Ernaningsih et
al. 2014; Ernaningsih et al. 2019), Cendrawasih Bay
National Park Waters in Papua (Bawole et al. 2017;
Mudjirahayu et al. 2017; Bawole et al. 2018), Saleh Bay in
West Nusa Tenggara and East Nusa Tenggara (Halim et al.
2020; Efendi et al. 2022), Wangi-wangi Island in Southeast
Sulawesi (Patanda et al. 2017), and in Bangka Regency
(Adibrata et al. 2018).

The Kwandang Bay grouper fishery is a multispecies
fishery involving at least 26 species from eight genera. The
goal of this research was to estimate key population
dynamics parameters for the stocks of two grouper species
(Epinephelus coioides and Plectropomus leopardus), which
comprise the largest proportion of the groupers fished in
Kwandang Bay, Sulawesi Sea (Achmad et al. 2019). The
results will inform the formulation of fisheries management
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measures to improve the management of grouper stocks in
the Bay.

MATERIALS AND METHODS

Study area

This study was conducted in Kwandang Bay, North
Kwandang District, Gorontalo Province, Indonesia (Figure
1), from January to December 2021. The Bay faces the
Sulawesi Sea and is within the Coral Triangle at
approximate coordinates 00°52'12" N and 122°5723" E.
There are several grouper fishing grounds in Kwandang
Bay, mainly grouped around islands such as Mohinggito,
Malambe, and Saronde, with Lampu Island being the
furthest offshore. The fishing boats are mostly small with
5.5-15 HP engines and typically operate in waters around
20-50 m in depth. Fishing gears used include woven fish
traps (locally called bubu, around 30 cm diameter),
spearguns (50-60 cm spears), and handlines typically
around 30 m long and baited with live mackerel scad
(Decapterus sp.). One-day fishing is the norm, with fishing
trips generally lasting around 12 hours (Achmad et al. 2019).

Procedures

The grouper specimens sampled in this study represent
the two dominant fishery species in Kwandang Bay, i.e.,
the orange-spotted grouper (E. coioides) and the coral trout
(P. leopardus) (Achmad et al. 2019). Primary data were
collected by measuring the total length (TL) of groupers
caught in the Bay by local fishermen using a fish ruler with
a precision of 0.1 cm. Grouper sampling data were
collected once a month over a 12-month period. When a
few target groupers were caught, all the groupers of the two
target species were included in the sample for the month.
When the catch volume was high, specimens were selected
through simple random sampling. Seawater temperature
data using satellite data and obtained the average seawater
temperature was 30°C.

Data analysis

Total length (TL) data were tabulated and presented as
range and mean + standard deviation (SD). The growth
coefficient of each grouper species was estimated based on
length-frequency data using the von Bertalanffy equation
(Sparre and Venema 1998) shown below:

Lt= Lo {1 - exp_K(t"m)}

Where: Lt is the length of the fish at time t (cm); Lo is
the asymptotic length (TL, in cm); K is the growth
coefficient; t0 is the theoretical age of the fish at zero
length. The theoretical age of the fish at zero length (t0) was
estimated using the following formula from Pauly (1980):

Log (—t0) = —0.3922 — 0.2752 log Loo — 1.038log K

Where: Loo is the asymptotic length (cm) and K is the
growth coefficient.
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Figure 1. Grouper fishing grounds in Kwandang Bay, North Gorontalo District, Gorontalo Province, Indonesia

Recruitment was estimated using the recruitment
patterns sub-program in FISAT Il (Azmi et al. 2022). The
yield per recruit was presented as a percentage (%) and
estimated in FISAT Il based on the length-frequency data
and the values obtained for Lo, K and t0. After entering
the input parameters, such as Loo, K, and t0, a peak
recruitment graphic was produced in FISAT II.

Total mortality (Z) was estimated from the length
converted catch curve in FISAT Il (Sparre and Venema
1998) as:

(LoL)
L-L'

=K

Where: Z is total mortality (per year); K is the growth
coefficient; Loo is the asymptotic length (cm); L is the
mean length at capture (cm); L’ is the smallest length at
capture (cm).

Natural mortality (M) was estimated using the empirical
equation in Pauly (1980) as follows:

logyoM = —0.0066 — 0.279l0g;oLoo + 0.6543log;oK + 0.4634log,,T

Where: Lo is the asymptotic length (cm); K is the
intrinsic growth coefficient; and T is the mean annual water
temperature (°c).

Fishing mortality (F) was estimated using the following
equation from Sparre and Venema (1998):

F=2Z-M

Where: F is fishing mortality; Z is total mortality; and
M is natural mortality.

Exploitation rate (E) was estimated using the following
equation (Pauly 1980):

E_F
- Z

Where: E is exploitation rate; F is fishing mortality; and
Z is total mortality.

The relative yield per recruit (Y/R) was estimated using
the following analytic equation from Beverton and Holt
(1964):
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Where: ¢: 0.33 for Epinephelus coioides and c: 0.37 for
Plectropomus leopardus.

RESULTS AND DISCUSSION

Size structure

The total length ranges of Epinephelus coioides (n: 379)
and Plectropomus leopardus (n: 289) samples from
fishermen’s catches in Kwandang Bay during the study
period were, respectively, 16.50-101 cm (mean + SD =
44.70 + 18.27 cm) and 17.90-60 cm (mean = SD = 37.23 +
11.92 cm). The size classes comprising the most
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with 49
sampled
with 66
sampled

individuals were 31-35 cm for E. coioides
specimens representing 13% of the total
population, and 21-25 cm for P. leopardus,
specimens representing 23% of the total
population (Figure 2).

Growth rate

The von Bertalanffy growth patterns modelled in
FISAT Il based on the length-frequency data gave growth
parameter values Loo: 105.10 cm and K: 0.38 for E.
coioides (Figure 3A); Loo: 65.90 cm and K: 0.69 for P.
leopardus (Figure 3B). The length-frequency data indicate
that both E. coioides and P. leopardus populations in
Kwandang Bay grow at a relatively fast rate from 0.01-4
years old, after which growth rate declines, slowly
approaching the asymptotic value (Lo).

RS
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@ Epinephelus coioides

O Plectropomus leopardus

Figure 2. Size structure of Epinephelus coioides and Plectropomus leopardus in Kwandang Bay, North Gorontalo District, Indonesia
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Figure 3. Length-frequency based growth curves for (A) Epinephelus coioides; (B) Plectropomus leopardus generated in FISAT Il
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Recruitment patterns

The recruitment patterns based on length-frequency
data for Epinephelus coioides and Plectropomus leopardus
populations in Kwandang Bay indicate recruitment
occurring almost throughout the year with monthly
recruitment ranges of 0.99-17.11% for E. coioides and
0.08-19.22% for P. leopardus. Epinephelus coioides had
the main peak in June with a secondary peak in August,
while the main P. leopardus recruitment peak was in July,
with an earlier secondary peak in April (Figure 4).

Mortality and yield per recruit

The total mortality (Z), natural mortality (M), fishing
mortality (F), and exploitation rate (E) for E. coioides and
P. leopardus populations in Kwandang Bay were estimated
based on the length-converted catch curves produced by the
routines in FISAT Il using the estimated values of Loo and
K as inputs. For E. coioides the estimated mortality values
were Z: 1.56/year?, M: 0.69/year?, and F: 0.87/year? (Figure
5), while for P. leopardus the values were Z: 2.63/year?, M:
1.16/year? and F: 1.47/year? (Figure 6). These results show
that fishing mortality was higher than natural mortality for
both E. coioides and P. leopardus. The Beverton and Holt
yield per recruit analysis indicated over-exploitation of
both grouper species, with current exploitation rates of E:
0.56/year™, very close to the maximum exploitation rates,

which were, respectively, Emax: 0.57 and 0.58. The
exploitation rate, which would reduce the virgin stock
biomass by 50% (Eso) was estimated as Eso: 0.31 for E.
coioides and Esg: 0.32 for P. leopardus.

20
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Figure 4. Recruitment patterns of Epinephelus coioides (above)
and Plectropomus leopardus (below) in Kwandang Bay, North
Gorontalo District, Indonesia (January-December 2021)
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Figure 5. Length-converted catch curve (A) and yield per recruit versus exploitation rate (B) for Epinephelus coioides in Kwandang

Bay, North Gorontalo District, Indonesia
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Figure 6. Length-converted catch curve (A) and yield per recruit versus exploitation rate (B) for Plectropomus leopardus in Kwandang

Bay, North Gorontalo District, Indonesia
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Discussion

Groupers are top predators in coral reef ecosystems,
playing key roles in the formation of coral reef biotic
communities (Anderson et al. 2014; Ranjeet et al. 2015).
Groupers are a major target of the reef fisheries operating
in almost all Indonesian coral reef areas due to their high
market value and rising market demand (Khasanah et al.
2019). In recent years there has been a shift in market
demand patterns from frozen fish to fresh and live fish
products (Khasanah et al. 2020), prompting an increase in
the use of destructive fishing methods, in particular the use
of poisons, to satisfy the demand for live reef fish
(Setiawan et al. 2019; Dwifajri et al. 2022).

The fish sampled during this study fell into 18 size
classes for Epinephelus coioides but only nine size classes
for Plectropomus leopardus. The total length of E. coioides
caught in Kwandang Bay, Sulawesi Sea, was mostly larger
than the range reported from a study in Aceh, western
Indonesia (Fadli et al. 2021), where all 30 fish sampled
were immature females of 19.4-23.8 cm. The mean size at
first maturity for the Kwandang Bay population has been
estimated as 40 cm (Achmad et al. 2020), meaning that
around half of the E. coioides landed in Kwandang Bay
during this study were likely mature, mostly as females
with some (in the largest size classes) likely to mature
males. In heavily exploited stock in Oman (Mcllwain et al.
2016), the mean size at first maturity for females was 58
cm, substantially larger than for Kwandang Bay, although
the overall size range was familiar. Unlike the Aceh study
(Fadli et al. 2021), in which relatively limited data
indicates a juvenile fishery, in Kwandang Bay the fishery
appears to target all size classes of E. coioides. While a
non-negligible proportion of individuals should have
reached sexual maturity and spawned as females prior to
being caught, it is possible that, as in Oman (Mcllwain et
al. 2016), few individuals in Kwandang Bay may be
reaching maturity as males.

In this study, the minimum size was smaller (17.9 cm)
and the mean and maximum size of P. leopardus (37.23
and 60 cm) were larger than for the same species in
Cendrawasih Bay National Park, eastern Indonesia, where
the range was 24.5-48 cm with a mean size of 32.34 cm
(Bawole et al. 2018). One reason for the greater range in
our study could be the larger sample size (289 compared to
123), especially as very few individuals over 50 cm TL.
Importantly, the size distribution in both this study and in
Cendrawasih National Park (Bawole et al. 2018) indicated
that a majority of groupers harvested at both sites had
likely not reached sexual maturity (Kasanah et al. 2019).

In general, groupers take a long time to reach their
maximum length (Condini et al. 2013; Ranjeet et al. 2015).
Table 1 shows that the growth coefficient values for E.
coioides and P. leopardus populations in Kwandang Bay
are within the range of growth coefficients reported for
grouper populations worldwide. Furthermore, in general,
the growth of fish belonging to the genus Epinephelus
tends to be slower than that of those in the genus
Plectropomus.

Based on fish productivity criteria (Musick 1999), fish
with a growth coefficient higher than 0.3 tend to have a
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relatively high reproduction rate. Based on this criterion, E.
coioides and P. leopardus in Kwandang Bay could be
categorized as having a fast rate of reproduction. Fast
reproduction rates are thought to be one-factor enabling
grouper populations to survive despite levels of fishing that
are high enough to reduce production volume (Cheung et
al. 2013; Baso et al. 2016).

The recruitment pattern for E. coioides and P.
leopardus in Kwandang Bay, with recruitment throughout
most of the year, is also consonant with a high reproduction
rate, and a similar pattern has also been reported from the
Andaman Islands (Kirubasankar et al. 2013). However, the
recruitment patterns in Kwandang Bay showed two
recruitment peaks for each species, while in the Andaman
Islands, there was only one peak. Recruitment is vital to
maintain the quality of the grouper catch in Kwandang
Bay, as well as to ensure the ongoing survival of the stocks.
Epinephelus coioides recruitment peak in June (Figure 4) is
consonant with reports of a spawning peak during this
month (Achmad et al. 2019), as well as the statement by
Sparre and Venema (1998) that recruitment can only
happen if there are individual fish surviving to adulthood
that are able to reach gonad maturity. Spawn, and produce
fertilized eggs that can then hatch and grow to produce new
individuals. The peak in June may be related to the
monsoonal pattern. Several studies indicated that tropical
reef-associated fishes tend to have spawning peaks during
the local calm season, which is generally also accompanied
by higher seawater temperatures which can promote gonad
development (Abesamis and Russ 2010; Nurdin et al.
2021), which in Kwandang Bay corresponds to the east
monsoon from around May to August. Although there is no
information on the spawning period(s) of the P. leopardus
population in Kwandang Bay, the recruitment pattern
(Figure 4) indicates a similar spawning peak during the east
monsoon.

Reported mortality values vary between grouper
populations from different sites within Indonesia and in
other countries (Table 2). Fishing mortality exceeded
natural mortality for both E. coioides and P. leopardus
populations in Kwandang Bay and for several other
grouper populations around the world (Table 2).

The high fishing mortality relative to natural mortality
for groupers in Kwandang Bay is thought to be mostly due
to the high levels of fishing effort by local fishermen.
According to Achmad et al. (2017), the number of fishing
boats operating in the Kwandang Bay area has increased
every year since 2009, with around ten additional grouper
fishing boats per year. They also found that the annual
increases in the fishing effort were not accompanied by an
increase in fisheries production volume (Kandula et al.
2015). A decline in the annual grouper production volume
in Kwandang Bay was accompanied by an increase in the
number of grouper fishing boats in 2009, 2010, 2012, 2015,
2016, and 2017, i.e., in six out of nine or two-thirds of the
years studied by Achmad et al. (2017).

In addition to the increase in fishing boats, the gear type
used has also become more diverse. Initially, the grouper
fishermen only used fish traps, but more recently, they
have also begun to use handlines and spearguns as well as
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traps. These conditions have increased the pressure on
grouper populations in  Kwandang Bay. Without
management interventions by the government, the future of
grouper stocks in the Bay can be considered under threat,
especially as groupers, in general, are considered to have
relatively low resistance and resilience to high levels of
fishing pressure (Brunel and Piet 2013; Osman et al. 2018).

The heavy fishing pressure experienced by the groupers
in Kwandang Bay is reflected in the exploitation rates,
which were very close to Emax for both species, indicating
that Epinephelus coioides and Plectropomus leopardus
stocks are overfished. Exploitation rates above Emax will
result in reduced recruitment to the population (Sabrah et
al. 2015). According to Achmad et al. (2019), the majority
of groupers who landed in the Kwandang Bay fishery are in
the mature gonad or spawning phase. This indicates that
over-exploitation of adult groupers is already leading to
recruitment overfishing due to the loss of potential
spawners, as described by Hartati and Kasim (2016).
Exploitation rates indicative of overfishing are also
reported from other areas (Table 3). The current
exploitation rates are a warning that needs to be taken
seriously by Kwandang Bay grouper fishery stakeholders,
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as management measures are urgently needed to maintain
the grouper stocks in the Bay.

Overexploitation of groupers in the mature gonad and
spawning phases will, eventually, lead to a drop in or lack
of recruitment to the stock and a decline in stock
abundance (Fatma et al. 2022). However, the grouper
fishermen in the Bay belong to an economically weak
class; they go fishing to fulfill their basic everyday needs
(for subsistence). This makes regulations in the form of
fishing bans or limits difficult to implement. Therefore, in
order to maintain grouper stocks and enable sustainable
grouper fisheries in the Bay, there is a need for measures to
manage and conserve grouper stocks by regulating the level
of fishing effort in Kwandang Bay, including the number of
fishing boats and the fishing gears used. Based on the
results of the Beverton and Holt yield per recruit analysis,
in order to retain 50% of the original grouper stocks,
fishing effort needs to be reduced by 25% from the current
exploitation rate (E: 0.56) to around the values of Esy for
the two species studied, (0.31 and 0.32). Other measures
that could be taken include spatio-temporal closures,
specifically closing some fishing grounds during the
spawning season(s), and creating spawning reserve zones
where groupers could spawn without being caught.

Table 1. Growth coefficient of several grouper populations from around the world

Species Growth coefficient Location Source
Plectropomus leopardus 0.69 Kwandang Bay, Indonesia This study
Epinephelus coioides 0.38 Kwandang Bay, Indonesia This study
Plectropomus leopardus 1.20 Cendrawasih Bay National Park Bawole et al. (2018)
Plectropomus maculatus 0.52 Bangka District, Indonesia Adibrata et al. (2018)
Epinephelus coioides 0.13 Northern Oman Mcllwain et al. (2016)
Epinephelus coioides 0.14 Southern Arabian Gulf Grandcourt et al. (2005)
Epinephelus areolatus 0.15 Gulf of Suez Abd-Allah et al. (2015)
Epinephelus diacanthus 0.22 Arabian Sea, Oman Mehanna et al. (2013)
Epinephelus fuscoguttatus 0.46 Takabonerate National Park Fatma et al. (2021)
Plectropomus leopardus 0.12 Saleh Bay, Indonesia Efendi et al. (2020)
Plectropomus maculatus 0.10 Saleh Bay, Indonesia Efendi et al. (2020)
Epinephelus coioides 0.10 Saleh Bay, Indonesia Efendi et al. (2020)
Plectropomus oligacanthus 0.40 Southeast Sulawesi, Indonesia Patanda et al. (2017)
Plectropomus areolatus 0.40 Southeast Sulawesi, Indonesia Patanda et al. (2017)

Table 2. Mortality data for various grouper populations

. . Mortality

Species Location Z M = Source
Epinephelus coioides Kwandang Bay, Indonesia 1.56 0.69 0.87  This study
Plectropomus leopardus Kwandang Bay, Indonesia 2.67 1.16 1.47  This study
Plectropomus leopardus Cendrawasih Bay National Park 1.61 0.75 0.86 Bawole etal. (2017)
Plectropomus leopardus Cendrawasih Bay National Park 4.85 0.99 3.86  Bawole etal. (2018)
Epinephelus malabaricus Andaman Islands, India 2.53 1.05 1.48  Kirubasankar et al. (2013)
Epinephelus diacanthus Arabian Sea, Oman 0.86 0.37 0.49  Mehannaetal. (2013)
Plectropomus maculatus Bangka District, Indonesia 2.58 0.50 2.08  Adibrataetal. (2018)
Plectropomus maculatus Cendrawasih Bay National Park 0.98 0.42 0.56  Mudjirahayu et al. (2017)
Plectropomus oligocanthus Cendrawasih Bay National Park 2.05 0.65 1.39  Mudjirahayu et al. (2017)
Epinephelus coioides Southern Arabian Gulf - 0.19 0.78  Grandcourt et al. (2005)
Anyperodon leucogrammicus Arafura Sea, Indonesia - 0.51 0.55  Pane et al. (2021)
Epinephelus fuscoguttatus Taka Bonerate National Park 2.19 0.77 1.42  Fatmaetal. (2021)
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Table 3. Exploitation rates for groupers in various locations
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Species Location

Epinephelus coioides
Plectropomus leopardus
Plectropomus leopardus
Plectropomus leopardus
Epinephelus malabaricus
Epinephelus diacanthus
Plectropomus maculatus
Plectropomus oligocanthus
Epinephelus coioides
Anyperodon leucogrammicus
Epinephelus fuscoguttatus

Kwandang Bay, Indonesia
Kwandang Bay, Indonesia

Andaman Islands, India
Arabian Sea, Oman
Bangka District, Indonesia

Southern Arabian Gulf
Arafura Sea, Indonesia

Cendrawasih Bay National Park
Cendrawasih Bay National Park

Cendrawasih Bay National Park

Taka Bonerate National Park

Exploitation rate Source
0.56 This study
0.56 This study
0.53 Bawole et al. (2017)
0.79 Bawole et al. (2018)
0.58 Kirubasankar et al. (2013)
0.57 Mehanna et al. (2013)
0.81 Adibrata et al. (2018)
0.58 Mudjirahayu et al. (2017)
0.80 Grandcourt et al. (2005)
0.52 Pane et al. (2021)
0.65 Fatma et al. (2021)

ACKNOWLEDGEMENTS

This research was funded by the Majelis Pendidikan
Tinggi Penelitian dan Pengembangan (Diktilitbang),
Pengurus Pusat Muhammadiyah, Indonesia, through
Penelitian Pengembangan Hibah RisetMU Scheme batch V
year 2021.

REFERENCES

Abd-Allah E, El-Ganainy A, Osman A. 2015. Age and growth of the
areolate grouper Epinephelus areolatus from the Gulf of Suez. AmJ
Life Sci 3 (6-1): 7-12. DOI: 10.11648/j.ajls.s.2015030601.12.

Abesamis RA, Russ GR. 2010. Patterns of recruitment of coral reef fishes
in a monsoonal environment. Coral Reefs 29 (4): 911-921. DOI:
10.1007/s00338-010-0653-y.

AbouelFadl KY, Farrag MM. 2021. Biology and population dynamics of
the freshwater puffer fish, Tetraodon lineatus (Linnaeus, 1758), from
the River Nile, Aswan, Egypt. Egypt J Aquat Res 47 (1): 75-80. DOI:
10.1016/j.ejar.2020.09.005.

Achmad DS, Ali SA, Sudirman S, Indar YN. 2019. The gonad maturity
development and spawning season of orange-spotted grouper
(Epinephelus coioides) at Kwandang Bay, Gorontalo Province,
Indonesia. AACL Bioflux 12 (2): 642-649.

Achmad DS, Ali SA, Sudirman, Indar YN. 2018. Sustainable potential of
grouper in Kwandang Bay North Gorontalo Regency. Proceedings of
the National Symposium on Marine and Fisheries. Hasanuddin
University, Makassar, 5 May 2018. [Indonesian]

Achmad DS, Nurdin MS, Ridwan R, Selle Y, Gobel H. 2017. Analysis of
grouper (Serranidae) traffic volume based on sertification approach in
Gorontalo  Province.  Akademika 6 (2): 84-90. DOI:
10.31314/akademika.v6i2.49. [Indonesian]

Achmad DS, Nurdin MS, Yasin IA, Indrianti MA, Mokoginta MM,
Fahrullah F, Suparwata DO, Gobel YA, Djibran MM, Mokoolang S.
2021. A preliminary study on the size structure and sex ratio of
orange-spotted grouper (Epinephelus coioides Hamilton, 1822)
harvested from Kwandang Bay, Sulawesi Sea, Indonesia. Aceh J
Anim Sci 6 (2): 34-38. DOI: 10.13170/ajas.6.2.19389.

Achmad DS, Sudirman S, Jompa J, Nurdin MS. 2020. Estimating the
catchable size of orange-spotted grouper (Epinephelus coioides) in
Kwandang Bay, Gorontalo Utara District, Indonesia. IOP Conf Ser:
Earth Environ Sci 454: 012133. DOIl: 10.1088/1755-
1315/473/1/012133.

Adibrata S, Yulianda F, Boer M, Nurjaya IW. 2018. Growth rate,
mortality and exploitation for managing bar-cheeked coral trout
grouper Plectropomus maculatus (Bloch, 1790) in Lepar Island and
Pongok Island waters, South Bangka Regency, Indonesia. AACL
Bioflux 11 (3): 625-634.

Allen GR. 2008. Conservation hotspots of biodiversity and endemism for
Indo-Pacific coral reef fishes. Aquat Conserv: Mar Freshw Ecosyst
18: 541-556. DOI: 10.1002/agc.880.

Anderson AB, Bonaldo RM, Barneche DR, Hackradt CW, Felix-Hackradt
FC, Garcia-Charton JA, Floeter SR. 2014. Recovery of grouper
assemblages indicates effectiveness of a marine protected area in
Southern Brazil. Mar Ecol Prog Ser 514: 207-215. DOI:
10.3354/meps11032.

Azmi F, Mawardi AL, Sinaga S, Nurdin MS, Febri SP, Haser TF. 2022.
Population dynamics of Anadara antiquata of East Coast of Aceh,
Indonesia. Biodiversitas 23 1): 436-442. DOI:
10.13057/biodiv/d230145.

Baso A, Najamuddin, Sajriawati. 2016. Bioeconomic analysis of grouper
fish (Plectropomus leopardus) utilization in Selayar Archipelago
Regency. Intl J Basic appl Sci 16 (5): 23-28.

Bawole R, Mudjirahayu, Rembet UNWJ, Ananta AS, Runtuboi S, Sala R.
2017. Growth and mortality rate of the Napan-Yaur Coral Trout,
Plectropomus leopardus (Pisces: Serranidae), Cenderawasih Bay
National Park, Indonesia. Biodiversitas 18 (2): 758-764. DOI:
10.13057/biodiv/d180245.

Bawole R, Mudjirahayu, Rembet UNWJ, Amir A, Runtuboi F, Sala R.
2018. Exploitation rate of Plectropomus leopardus (Pisces:
Serranidae) taken from Rumberpon Island water, Cenderawasih Bay
National Park, Indonesia. AACL Bioflux 11 (1): 19-28.

Beverton RJH, Holt SJ. 1964. Table of Yield Functions for Fishery
Management. FAO, Rome.

Brunel T, Piet GJ. 2013. Is age structure a relevant criterion for the health
of fish stocks?. ICES J Mar Sci 70 (2): 270-283. DOI:
10.1093/icesjms/fss184.

Bulanin U, Masrizal M, Muchlisin ZA. 2017. Length-weight relationships
and condition factors of the whitespotted grouper Epinephelus
coeruleopunctatus in the coastal waters of Padang City, Indonesia.
Aceh J Anim Sci 2 (1): 23-27. DOI: 10.13170/ajas.2.1.6570.

Cheung WWL, Sadovy MYJ, Braynen MT, Gittens LG. 2013. Are the last
remaining Nassau grouper Epinephelus striatus fisheries sustainable?
Status quo in the Bahamas. Endanger Species Res 20: 27-39.

Chodrijah U, Faizah R, Tirtadanu. 2020. Population dynamic of big eye
scad (Selar crumenophthalmus Bloch, 1793) in Kwandang Waters-
Sulawesi  Sea. E3S Web Conf 153: 01005. DOI:
10.1051/e3sconf/202015301005.

Condini MV, Seyboth E, Vieira JP, Varela AS, Barreiros JP, Favaro LF,
Garcia AM. 2013. First record of the dusky grouper Epinephelus
marginatus (Actinopterygii: Epinephelidae) undergoing sexual
transition in the South Western Atlantic, Brazil. Hidrobiolégica 23
(3): 446-449.

Damora A, Fadli N, Muchlisin ZA, Dewiyanti |, Batubara AS, Nur FM,
Zhelfi Z, Roka NF, Fitriani F, Siti-Azizah MN. 2021. White-edged
lyretail (Variola albimarginata): A preliminary study on some
biological aspects. IOP Conf Ser: Earth Environ Sci 674: 012091.
DOI: 10.1088/1755-1315/674/1/012091.

Dwifajri S, Tapilatu RF, Pranata B, Kusuma AB. 2022. Molecular
phylogeny of grouper of Epinephelus genus in Jayapura, Papua,
Indonesia inferred from Cytochrome Oxidase | (COl) gene.
Biodiversitas 23 (3): 1449-1456. DOI: 10.13057/biodiv/d230332.

Efendi DS, Adrianto L, Yonvitner, Wardiatno Y, Agustina S. 2020. The
performance of stock indicators of grouper (Serranidae) and snapper
(Lutjanidae) fisheries in Saleh Bay, Indonesia. AACL Bioflux 13 (5):
2431-2444.



ACHMAD et al. — Reef fish dynamic in the Kwandang Bay, Indonesia

Ernaningsih, Budimawan, Nessa N, Sudirman. 2014. Biology population
and exploitation rate of coral trout (Plectropomus Leopardus)
Spermonde Island South Sulawesi. Aust J Basic Appl Sci 8 (18): 438-
444,

Ernaningsih, Asbar, Danial, Hasrun A, Jamal M. 2019. Population
dynamics and exploitation rate of coral grouper Plectropomus
leopardus in the Sarappo Islands, Pangkep Regency, South Sulawesi.
IOP Conf Ser: Earth Environ Sci 253: 012028. DOI: 10.1088/1755-
1315/253/1/012028.

Fadli N, Damora A, Muchlisin ZA, Dewiyanti |, Ramadhaniaty M, Zhelfi
Z, Roka NF, Fitriani F, Rusdi M, Nur FM, Batubara AS, Siti-Azizah
MN. 2021. A preliminary study on biological aspects of the orange-
spotted grouper (Epinephelus coioides) harvested in the Northern
Coast of Aceh, Indonesia. IOP Conf Ser: Earth Environ Sci 674:
012085. DOI: 10.1088/1755-1315/674/1/012085.

Fatma, Mallawa A, Najamuddin, Zainuddin M, Fachrie R. 2021. A study
of brown-marbled grouper (Epinephelus fuscoguttatus) population
dynamics in Takabonerate National Park Waters, South Sulawesi,
Indonesia. Biodiversitas 22 (10): 4298-4307. DOI:
10.13057/biodiv/d221022.

Fatma, Mallawa A, Najamuddin, Zainuddin M, Ayyub FR. 2022.
Biological aspects of brown-marbled grouper (Epinephelus
fuscoguttatus) from Taka Bonerate National Park, District of Selayar
Islands, South Sulawesi, Indonesia. Biodiversitas 23 (2): 1140-1153.
DOI: 10.13057/biodiv/d230259.

Giménez-Hurtado E, Coyula-Perez-Puelles R, Lluch-Cota SE, Gonzalez-
Yanez AA, Moreno-Garcia V, Burgos-de-la-Rosa R. 2005. Historical
biomass, fishing mortality, and recruitment trends of the Campeche
Bank red grouper (Epinephelus morio). Fish Res 71: 267-277. DOI:
10.1016/j.fishres.2004.09.001.

Grandcourt EM, Al Abdessalaam TZ, Francis F, Al Shamsi AT. 2005.
Population biology and assessment of the orange-spotted grouper,
Epinephelus coioides (Hamilton, 1822), in the southern Arabian Gulf.
Fish Res 74: 55-68. DOI: 10.1016/j.fishres.2005.04.009.

Halim A, Loneragan NR, Wiryawan B, Hordyk AR, Sondita MFA,
Yulianto 1. 2020. Evaluating data-limited fisheries for grouper
(Serranidae) and snapper (Lutjanidae) in the Coral Triangle, eastern
Indonesia.  Reg Stud Mar Sci 38: 101388. DOI:
10.1016/j.rsma.2020.101388.

Hartati ST, Kasim K. 2016. Cohort distribution and spawning potential
ratio of Banggai cardinal fish (Pterapogon kauderni, Koumans 1933)
using LB-SPR model in Banggai Archipelago Central Sulawesi.
Jurnal Penelitian Perikanan Indonesia 22 (3): 197-206. DOI:
10.15578/jppi.22.3.2016.197-206. [Indonesian]

Jefri E, Zamani EP, Subhan B, Madduppa HH. 2015. Molecular
phylogeny inferred from mitochondrial DNA of the grouper
Epinephelus spp. in Indonesia collected from local fish market.
Biodiversitas 16 (2): 254-263. DOI: 10.13057/biodiv/d160221.

Kandula S, Shrikanya KV, Iswarya DVA. 2015. Species diversity and
some aspects of reproductive biology and life history of groupers
(Pisces: Serranidae: Epinephelinae) off the central eastern coast of
India. Mar Biol Res 11 (1): 18-33. DOI:
10.1080/17451000.2014.949271.

Kasim F, Kadim MK, Nursinar S, Karim Z, Lamalango A. 2018.
Comparison of true mangrove stands in Dudepo and Ponelo Islands,
North Gorontalo District, Indonesia. Biodiversitas 20 (1): 259-266.
DOI: 10.13057/biodiv/d200142.

Khasanah M, Kadir NN, Jompa J. 2019. Reproductive biology of three
important  threatened/near-threatened  groupers  (Plectropomus
leopardus, Epinephelus polyphekadion and Plectropomus areolatus)
in Eastern Indonesia and Implications for Management. Animals 9:
643. DOI: 10.3390/ani9090643.

Khasanah M, Nurdin N, Sadovy MY, Jompa J. 2020. Management of the
grouper export trade in Indonesia. Rev Fish Sci Aquac 28 (1): 1-15.
DOI: 10.1080/23308249.2018.1542420.

Kirubasankar R, Roy SD, George G, Sarma K, Krishnan P, Kumar SR,
Kaliyamoorthy M, Gouthambharathi MP. 2013. Fishery and
exploitation of malabar Grouper, Epinephelus malabaricus (Bloch &
Schneider 1801) from Andaman Islands. Asian Fish Sci 26: 167-175.
DOI: 10.33997/j.afs.2013.26.3.004.

Manyoe IN, Pongoliu Y1, Napu SSS. 2022. Geosite and geomorphosite
assessment for geotourism purpose: Case study of the islands in
Kwandang Bay, North Gorontalo. Tunas Geografi 11 (1): 11-18. DOI:
10.24114/tgeo.v11i1.31005.

Mcllwain JL, Ambu-Ali A, Al-Jardani N, Halford AR, Al-Oufi HS, Feary
DA. 2016. Demographic profile of an overexploited serranid, the

5225

orange-spotted grouper (Epinephelus coioides), from northern Oman.
Fish Bull 114: 490-502. DOI: 10.7755/FB.114.4.10.

Mehanna SF, Al-Marzougi A, El- Siabi B. 2013. Stock characteristics and
population dynamics of the spiny cheek grouper Epinephelus
diacanthus (Valenciennes, 1828) from the Arabian Sea, Oman.
Turkish J Fish Aquat Sci 13: 127-132. DOI: 10.4194/1303-2712-
v13_1_16.

MMAF. 2020. Strategi Pemanfaatan (Interim Harvest Strategy) Kerapu
(Grouper) di Wilayah Pengelolaan Perikanan Negara Republik
Indonesia (WPPNRI) 713. Direktorat Jenderal Perikanan Tangkap,
Kementerian Kelautan dan Perikanan, Indonesia. [Indonesian]

Mudjirahayu, Bawole R, Rembet UNWJ, Ananta AS, Runtuboi F, Sala R.
2017. Growth, mortality and exploitation rate of Plectropomus
maculatus and P. oligocanthus (Groupers, Serranidae) on
Cenderawasih Bay National Park Indonesia. Egypt J Aquat Res 43:
213-218. DOI: 10.1016/j.ejar.2017.09.002.

Musick JA. 1999. Criteria to define extinction risk in marine fishes: The
American fisheries society initiative. Fisheries 24 (12): 6-14. DOI:
10.1577/1548-8446(1999)024<0006:CTDERI>2.0.CO;2.

Nurdin MS, Azmi F, Haser TF. 2021. Gonad maturity and gonadal
somatic index of blue swimming crab Portunus pelagicus harvested
from Spermonde Archipelago, South Sulawesi, Indonesia. Aceh J
Anim Sci 6 (1): 23-26. DOI: 10.13170/ajas.6.1.19187.

Ogongo BO, Mwachiro EC, Fulanda BM. 2015. Population structure,
condition and length-weight relationships of ten vulnerable
Epinephelus genus groupers off Kenyan South Coast Indian Ocean
Marine Waters. Ecologia 5 1): 22-30. DOI:
10.3923/ecologia.2015.22.30.

Olii AH, Muhlis, Sayuti. 2015. Mangrove ecosystem in the waters of
Kwandang Gulf, North Gorontalo District. Jurnal Perikanan Kelautan
20 (2): 49-55. DOI: 10.31258/jpk.20.2.49-55.

Osman AG, El-Ganainy A, Abd-Allah E. 2018. Some reproductive
aspects of the areolate grouper, Epinephelus areolotus from the Gulf
of Suez. Egypt J Aquat Res 44 (1): 51-56. DOI:
10.1016/j.ejar.2018.02.002.

Pane ARP, Widyastuti H, Suman A. 2021. The exploitation status of the
slender grouper (Anyperodon leucogrammicus) in Arafura Sea,
Indonesia. 10P Conf Ser: Earth Environ Sci 695: 012002. DOI:
10.1088/1755-1315/695/1/012002.

Patanda M, Wisudo SH, Monintja DR, Wiryawan B. 2017. Sustainability
for reef fish resource based on productivity and susceptibility in
Wangi-Wangi Island, Southeast Sulawesi. AACL Bioflux 10 (4): 861-
874.

Pauly D. 1980. On the interrelationships between natural mortality,
growth parameters, and mean environmental temperature in 175 fish
stocks. ICES J Mar Sci 39 (2): 175-192. DOI:
10.1093/icesjms/39.2.175.

Ramachandran S, Ramalingam L. 2020. Population dynamics of spiny
cheek grouper Epinephelus diacanthus (Valenciennes, 1828) from the
southwest coast of India. Intl J Fish Aquat Stud 8 (5): 299-307. DOI:
10.22271/fish.2020.v8.i5d.2337.

Ranjeet K, Arunjith TS, Sureshkumar S, Harikrishnan M. 2015.
Population structure and length-weight relationship of Epinephelus
diacanthus from Ponnani, South India. Intl J Fish Aquat Stud 2 (5):
151-154.

Sabrah MM, El-Sayed AY, El-Ganiny AA. 2015. Fishery and population
characteristics of the Indian squids Loligo duvauceli Orbigny, 1848
from trawl survey along the north-west Red Sea. Egypt J Aquat Res
41 (3): 279-285. DOI: 10.1016/j.ejar.2015.07.003.

Sabrah MM, Amin AM, Attia AO. 2018. Family Belonidae from the Suez
Canal, Egypt: Age, growth, mortality, exploitation rate and
reproductive biology. Egypt J Aquat Res 44 (1): 29-35. DOI:
10.1016/j.ejar.2017.12.003.

Sadovy MYJ, Craig MT, Bertoncini AA, Carpenter KE, Cheung WW,
Choat JH, Cornish AS, Fennessy ST, Ferreira BP, Heemstra PC, Liu
M. 2013. Fishing groupers towards extinction: A global assessment of
threats and extinction risks in a billion-dollar fishery. Fish Fish 14
(2): 119-136. DOI: 10.1111/j.1467-2979.2011.00455 ..

Sadovy MYJ, Linardich C, Barreiros JP, Ralph GM, Aguilar-Perera A,
Afonso P, Erisman BE, Pollard DA, Fennessy ST, Bertoncini AA,
Nair RJ, Rhodes KL, Francour P, Brule T, Samoilys MA, Ferreira BP,
Craig MT. 2020. Valuable but vulnerable: Overfishing and under-
management continue to threaten groupers so what now?. Mar Policy
116: 103909. DOI: 10.1016/j.marpol.2020.103909.

Sahami FM, Baruadi ASR, Hamzah SN. 2017. Phytoplankton abundance
as a preliminary study on pearl oyster potential culture development



5226

in the North Gorontalo water, Indonesia. AACL Bioflux 10 (6): 1506-
1513.

Setiawan H, Fahrudin A, Kamal MM. 2019. The length-weight
relationship-based growth of two hermaphrodite groupers, leopard
coral grouper (Plectropomus leopardus) and tiger grouper
(Ephinephelus fuscoguttatus). J Biol Trop 19 (2): 124-130. DOL:
10.29303/jbt.v19i2.1162.

Sparre P, Venema SC. 1998. Introduction to Tropical Fish Stock
Assessment - Part 1: Manual. FAO, Rome.

BIODIVERSITAS 23 (10): 5217-5226, October 2022

Suradi WS, Solichin A, Taufani WT, Djuwito, Sabdono A. 2017.
Population dynamics of exploited species west shrimp
Parapenaeopsis coromandelica H. Milne. Edwards 1837 from the
Teluk Penyu coastal waters, Indonesian Ocean. Egypt J Aquat Res 43
(4): 307-312. DOI: 10.1016/j.ejar.2017.12.002.

Yusuf D, Indrawan. 2019. Analysis of seagrass condition using spectral
reflection of Quickbird Imagery on Saronde Island North Gorontalo.
Jambura Geosci Rev 1 (1): 1-6. DOI: 10.34312/jgeosrev.v1i1.2015.



