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to a decline in grouper productivity and their wild population.
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INTRODUCTION

Groupers are one of the most
species-rich percoid clades, comprising
167 species traditionally divided into 15
genera (Félix-Hackradt et al., 2022). These
genera include Aethaloperca, Alphestes,
Anyperodon, Cephalopholis, Cromileptes,
Dermatolepis, Epinephelus, Gonioplectrus,
Gracila, Mycteroperca, Paranthias,
Plectropomus, Saloptia, Triso, and Variola
(Heemstra and Randall, 1993; Ma and Craig,
2018). Groupers are a type of marine fish
that belong to the family Serranidae and
are widely distributed in tropical and
subtropical waters (Jefri et al., 2015). The
aquaculture of groupers is an important
sector in the aquaculture production
portfolios of many countries, especially in
Asia (Rimmer and Glamuzina, 2017). The
cultivation of groupers has gained immense
popularity in recent years due to their high
market demand and export potential (Bahri
and Jata, 2021).

Farming groupers involve breeding,
hatching, and rearing these fish in controlled
environments such as ponds, tanks, or
cages (Dennis et al., 2020). The aquaculture
of groupers has become an important
source of income for many farmers and
has contributed significantly to the
economic growth of several countries
(Tran et al., 2017). The success of grouper
aquaculture is attributed to developing
advanced technologies and techniques for
breeding, feeding, and disease management
(Liao et al, 2001; Bunlipatanon and
U-taynapun, 2017; Kobayashi, 2022).
However, there are also challenges
associated with grouper aquacultures, such
as disease outbreaks, environmental
impacts, and market fluctuations (Md Noor
and Harun, 2022). Therefore, continuing
research and development in this field is
crucial to ensure sustainable and profitable
grouper aquaculture. According to data
provided to the Food and Agriculture
Organization (FAO) in 2017, the production
of grouper in 2015 amounted to nearly
155,000 tonnes, not including unreported or
illegal catches (Rimmer and Glamuzina, 2017).
This production had a total value of USD
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630 million (Novriadi, 2019). China is the
largest producer of grouper, accounting
for 65% of the total production (Afero et
al., 2010; Rimmer and Glamuzina, 2017).
Taiwan and Indonesia are the second
and third largest producers, respectively,
contributing 17% and 11% to the total
production (Megarajan et al, 2022a).
Collectively, these three countries account
for 93% of the reported production.
According to Rimmer and Glamuzina
(2017), Malaysia, Philippines, Thailand,
Vietnam, Australia, Cambodia, United States
of America, and Brazil account for only
7% of grouper production (Figure 1).

The grouper fish is widely recognized
as an icon of luxury consumption in
Southeast Asian nations and across the
globe, owing to its expensive market value
(Khasanah et al.,, 2020). Due to its exquisite
flavor and taste, it is one of the most
popular seafood choices, especially at
high-end Chinese restaurants (Alcantara and
Yambot, 2016). The high market demand
for groupers has led to developing and
enhancing farming strategies (Dennis et
al., 2020). This trend gained momentum in
Asian countries following the outbreak of
diseases in marine shrimps during the late
1980s and early 1990s (Lafferty et al., 2015).
In recent years, significant progress has
been made in grouper aquaculture. These
advancements include implementing
larval-rearing  techniques aimed at
enhancing the growth and survival rates
of groupers during the hatchery phase
(Ranjan et al, 2022a). Additionally, there
has been a focus on developing grouper
diets with minimal environmental impact
(Lupatsch and Kissil, 2005; Shapawi et al,
2019) and grouper hybrids (Shapawi et al,,
2019; Xu and Li, 2021). These efforts are
aimed at minimizing the ecological impact
of grouper farming and improving the
industry’s overall sustainability.

There have been few review studies
on grouper aquaculture in Asia that have
focused on the development and challenges
of this undertaking, and there is no current
assessment of its status. Among the notable
research reviews are Rimmer and Glamuzina

DAVAD I
RESEARCH
Davao Res J 2023 Vol. 14 | 6-29

7




Challenges and Progress of Grouper Aquaculture

Ybanez and Gonzales

(2017), Pomeroy et al. (2002), and Tookwinas
(1989). Given the importance of this species
in Asia, it is critical to study the current
state of grouper aquaculture in this region.
As a result, the purpose of this review paper
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is to give an up-to-date assessment of the
Asian grouper aquaculture industry, with
an emphasis on the progress and issues
associated with grouper farming in this
region.
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Figure 1. The top three grouper aquaculture producers across the world as of 2015.
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Figure 2. The number of publications generated on grouper studies in Asia from 1989 to 2023.
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Grouper Studies in Asia

The current paper focuses on the
existing state of grouper fisheries in the
Asian region. The present investigation
sourced its data from scholarly databases,
including Google Scholar, Elsevier, and
Springer, from January 2023 to April 2023.
This paper did not incorporate data from
unpublished technical papers or theses
at the master’s or doctoral level. The
exhaustive review search yielded 153
published grouper studies from 1989 to
2023. In recent years, there has been a rise
in the number of grouper publications
in Asia (Figure 2). This trend applies to
other fish groups as well (Reverter et al., 2021).
The steady increase in published research
may be attributed to the emergence of
novel sampling techniques and advanced
technologies that facilitate the exploration
of these fish’s genetics, physiology, anatomy,
and molecular biology (Dunham, 2023).

Diversity and conservation status

This review paper reveals that
out of the 167 known grouper species
distributed globally, 48 species, accounting
for 28% of the total grouper population,
are utilized in aquaculture (Table 1).
These grouper species belong to seven
genera, namely Epinephelus (36 species),

Plectropomus (4 species), Cephalopholis
(4 species), Aethaloperca (1 species),
Cromileptes (1 species), Hyporthodus (1

species), and Mycteroperca (1 species).
Moreover, 16 grouper hybrids have been
produced, and several of these hybrids have
already been wused in aquaculture
operations (Table 1). The growing number
of cultured species and hybrids may be
attributed to their high market demand
(Dennis et al, 2020). Grouper is widely
regarded as a highly sought-after culinary
delicacy, particularly in China, known as
the largest consumer of this fish species
(Khasanah et al, 2020). The high cost of
groupers encourages people to engage in
grouper farming.

Overfishing is another reason why
fish farming or aquaculture has become

DOI: https://doi.org/10.59120/drj.v14i2.109

more popular (Longo et al, 2019). The
industrialization of the fishing industry
and the increasing global demand for
seafood have people taking more fish
from oceans, lakes, and rivers than is
sustainable (Arlinghaus et al, 2019).
Aquaculture is a way to produce fish
without putting additional pressure on
wild fish populations. Grouper hybridization
and full-cycle aquaculture help reduce the
overexploitation of grouper in the wild
(Mustafa, 2015). Aquaculture of groupers
is carried out in tropical and subtropical
areas throughout the world, but most
production is from Asia, with three countries
responsible for an estimated 93% of global
production: China (65% of total production),
Taiwan Province of China (17%) and
Indonesia (11%). In recent years, there have
been an increasing number of grouper
farms in Asia, primarily because of the
rising market demand for this species on a
global scale (Loh et al., 2020).

Hybridization in aquaculture has
been observed to yield favorable offspring
exhibiting desirable phenotypic traits
(Liang et al., 2023). This technique has
gained popularity in the context of grouper
farming as it has the potential to enhance
production efficiency (Shapawi et al,
2019). Farmers favor hybrids due to their
emergence of advantageous characteristics
from the male giant grouper (E. lanceolatus),
including rapid growth, superior meat
quality, and other desirable traits (Nankervis
et al., 2022). The current trend in grouper
aquaculture is leaning towards cultivating
hybrid varieties, owing to their enhanced
growth rate and heightened resistance to
diseases and parasites (Chuda et al., 2018).
The hybridization of E. fuscoguttatus and
E. polyphekadion has led to the formation
of the hybrid grouper, which has exhibited
superior growth performance compared
to its parental species (Xie et al., 2021a). E.
fuscoguttatus and E. lanceolatus were
successfully hybridized in Indonesia and
are now utilized there in aquaculture
(Dennis et al, 2020). According to Huang
et al. (2016), it has been recently observed
that a certain percentage of hybrid groupers
(E. coioides x E. lanceolatus) exhibit
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triploidy, with a prevalence ranging from
7% to 15%. The growth rate of triploid
fish was 1.6 times faster than that of diploid
hybrids up to 6 months and 1.4 times faster
up to 18 months of age.

In this review the conservation
status of grouper was noted, 2% of the
cultured grouper species is in critically
endangered condition, 2% as endangered,
10% as vulnerable, 2% as near threatened,
17% as data deficient, and 67% as least
concern (Table 1 & Figure 3). Nassau grouper
(E. striatus) was listed as critically
endangered, and Hong Kong grouper
(E. akaara) was listed as endangered.
According to the International Union for
Conservation of Nature (IUCN), the species
E. striatus and E. akaara are classified
as endangered due to their significant
population decline of approximately 60%
over the course of the past three decades
(de Mitcheson et al., 2020).

It has been observed that one of the
species, namely E. aeneus, is listed as near
threatened (2%), while five other species,
namely E. bruneus, E. fuscoguttatus, E.
marginatus, E. polyphekadion, and P.
areolatus, are listed as wvulnerable (10%).

Least concern /

67%

The declining number of the wild grouper
population, especially in Southeast Asia,
has an adverse effect on the species
conservation status. This trend indicates
the serious threats that groupers face on a
global scale. The categorizations of “Data
deficient” and “Least concern” in the context
of species conservation do not necessarily
indicate a complete absence of risk (Luiz
et al, 2016). While these classifications
may suggest a lower level of concern than
other categories, such as “Endangered”
or “Critically endangered,” it is important
to note that they do not necessarily
guarantee the safety of a given species.
It is critical to remember that most of the
species in this study lack a substantial
amount of high-quality data. Moreso, to
have a clear perspective on the state of
specific fisheries, rigorous study and data
collection must be done.

Numerous conservation strategies
have been implemented to aid in preserv-
ing the grouper species. One such approach
involves the establishment of closed seasons
during which fishing activities are prohibited
(Piah et al., 2018). Closed seasons should
coincide with the spawning season of
grouper (Ohta and Ebisawa, 2015). The

Critically endangered
2%

/_/
Vulnerable

— 10%

Near threatened
/ 2%

Endangered
2%

Data deficient
17%

Figure 3. The conservation status of cultured grouper in Asia.
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Seedstock

Common name

Wild capture Hatchery

Conservation Status

Reference

Epinephelus spp.
aeneus

akaara
amblycephalus
areolatus
awoara
bleekeri
bontoides
bruneus
chlorostigma
coeruleopunctatus

coioides

corallicola

E. costae

E. cyanopodus

E. fasciatomaculosus
E. fasciatus

E. flavocaeruleus

E. fuscoguttatus

E. howlandi

E. lanceolatus

E. longispinis

E. maculatus

E. malabaricus
E. marginatus

E. merra

E. multinotatus
E. ongus

E. polyphekadion
E. quoyanus

E. sexfasciatus
E. spilotoceps

E. striatus

E. tauvina

E. trimaculatus

E. tukula

E. undulosus
Plectropomus spp.
P. areolatus

P. laevis

P. leopardus

P. maculatus
Cephalopholis spp.
C. argus

C. boenak

C. formosa

C. miniata

Other groupers
Aethaloperca rogaa
Cromileptes altivelis
Hyporthodus
septemfasciatus

Mpycteroperca tigris

White grouper

Hong Kong grouper
Banded grouper
Areolate grouper
Yellow grouper
Duskytail grouper
Palemargin grouper
Longtooth grouper
Brownspotted grouper
Whitespotted grouper
Orange-spotted grouper
Duskyfin grouper
Golden grouper
Speckled blue grouper
Rock grouper

Blacktip grouper
Blue-and-yellow grouper
Brown-marbled grouper
Blacksaddle grouper
Giant grouper
Longspine grouper
Highfin grouper
Malabar grouper

Dusky grouper
Honeycomb grouper
White-blotched grouper
White-streaked grouper
Camouflage grouper
Longfin grouper

Sixbar grouper

Foursaddle grouper

Nassau grouper
Greasy grouper
Threespot grouper
Potato grouper
Wavy-lined grouper

Squaretail coral grouper
Black-saddled coral
grouper

Leopard coral grouper

Spotted Coral Grouper

Celestial grouper
Chocolate hind
Bluelined hind
Coral grouper

Redmouth grouper

Humpback grouper

Seven-band grouper

Tiger grouper

Yes No

Yes Yes

Yes Yes

Yes Limited
Yes Yes

Yes No reports
Yes Yes-limited

Yes Yes

Yes Yes-routine
- Yes

No No

Yes -

Yes Yes-limited
Yes Yes-routine
- Yes

Yes Yes

- Yes

Yes Yes

No Yes

Yes -

Yes -

- Yes-limited
Yes Yes

Yes -

Yes -

- Yes-limited

Unclear No

Yes Yes
No Yes
- Yes
Yes Yes
Yes Yes
Yes -
Yes -
Yes -
Yes -
Yes Yes
- Yes

Near threatened
Endangered
Least concern
Least concern
Data deficient
Data deficient
Least concern
Vulnerable
Least concern
Least concern
Least concern
Least concern
Data deficient
Least concern
Least concern
Least concern
Least concern
Vulnerable
Least concern
Data deficient
Least concern
Least concern
Least concern
Vulnerable
Least concern
Least concern
Least concern
Vulnerable
Least concern
Least concern
Least concern
Critically
endangered
Data deficient
Least concern
Least concern

Least concern

Vulnerable

Least concern
Least concern

Least concern

Least concern
Least concern
Least concern

Least concern

Least concern
Data deficient

Data deficient
Data deficient

Evliyaoglu et al., 2019

Wang et al., 2016

Tucker et al., 2016

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Dennis et al., 2020

Rimmer and Glamuzina, 2017
Kim et al., 2019

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Chen et al., 2018

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Frable et al., 2019

Pham et al., 2022

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Nankervis et al., 2022

Sen et al., 2019

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Aride et al., 2021

Amagai et al., 2020

Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Rimmer and Glamuzina, 2017
Basith et al., 2021

Fadli et al., 2023

Rimmer and Glamuzina, 2017

de Mitcheson et al., 2020
Rimmer and Glamuzina, 2017
Tucker et al., 2016

Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017

Alcantara & Yambot, 2016
Rimmer and Glamuzina, 2017
Efendi et al., 2020

Rimmer and Glamuzina, 2017
Yan et al., 2020
Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017

Rimmer and Glamuzina, 2017
Shen et al., 2021
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Table 1 (continued)

..... continued on the next page

Seedstock
Hybrids Wild capture Hatchery Conservation Status Reference
Research -
Cephalopholis fulva x Paranthais furcifer No only Ng et al., 2022
Cromileptes altivelis x E. fuscoguttatus No Yes - Rimmer and Glamuzina, 2017
Research -
Mycteroperca tigris x E. lanceolatus No only Shen et al., 2021
Research -
E. amblycephalus x E. akaara No only Rimmer and Glamuzina, 2017
E. coioides x E. fuscoguttatus No Yes - Rimmer and Glamuzina, 2017
E. coioides x E. lanceolatus No Yes - Sun et al., 2016
Research -
E. costae x E. marginatus No only Rimmer and Glamuzina, 2017
E. fuscoguttatus x E. coeruleopunctatus No Yes - Rimmer and Glamuzina, 2017
E. fuscoguttatus x E. lanceolatus No Yes - Rimmer and Glamuzina, 2017
E. fuscoguttatus x E. polyphekadion No Yes - Rimmer and Glamuzina, 2017
E. lanceolatus x E. polyphekadion No Yes - Rimmer and Glamuzina, 2017
E. lanceolatus x C. altivelis No Yes - Rimmer and Glamuzina, 2017
Research -
E. marginatus x E. aenues No only Rimmer and Glamuzina, 2017
Research -
E. morio x Centropristis striata No only Rimmer and Glamuzina, 2017
E. tukula x E. lanceolatus No Yes - Rimmer and Glamuzina, 2017
Research -
E. bruneus x E. lanceolatus No only Park et al., 2018

closed fishing seasons have been observed
to positively impact the recovery of fish
populations (Macusi et al., 2022). This has
been documented in various studies and
research papers. The closure of fishing
seasons is a management strategy that aims
to regulate fishing activities and prevent
overfishing (Dunn et al, 2011). By
prohibiting fishing during certain periods
of the year, fish populations can reproduce
and replenish their numbers (Hixon et al,
2014). This, in turn, leads to an increase in
the overall grouper population and a
healthier ecosystem. Therefore, closed
fishing seasons may be an effective tool
in promoting sustainable fishing practices
and ensuring the long-term viability of
grouper populations. Limited research
has been conducted regarding the
implementation of closed fishing seasons
specifically  targeting  reef  fisheries,
compared to studies focusing on pelagic
fish resources. A study was conducted in
Belize, a country that has emerged as a
pioneer in conserving the Nassau grouper.
The conservation efforts primarily revolve
around implementing closed fishing
seasons at sites where the species form

DAVAO
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spawning aggregations. The impact of
seasonal closures becomes apparent when
examining the size distributions of sites
subject to exploitation versus those not
(Tewfik et al, 2017). According to the
National = Oceanic and  Atmospheric
Administration (NOAA) Fisheries, it has
been determined that in the South Atlantic
region, the commercial and recreational
fishing seasons are officially closed from
January to April. This temporary closure
has been implemented to safeguard the
red grouper species during their crucial
peak spawning period. By imposing this
measure, it is anticipated that the red
grouper population will be afforded the
necessary protection and support for
successful  reproduction and  overall
sustainability. The same applies to all
shallow-water  grouper  during their
spawning season (https://www.fisheries.noaa.
gov/).

The non-consumptive utilization
of groupers, particularly through eco-
tourism (Shideler and Pierce, 2016), has
been identified as a potential strategy to
positively impact the population of this
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species in the wild. This approach is based
on the premise that groupers are highly
valued Dby recreational divers and
snorkelers, who are willing to pay for the
opportunity to observe these fish in their
natural habitat. By providing an alternative
source of income for local communities
that is not dependent on the extraction of
groupers for food or trade, eco-tourism
may help to reduce fishing pressure on wild
populations (Fabinyi, 2020). Furthermore,
the increased awareness and appreciation
of groupers that can result from eco-tourism
activities may also lead to greater
conservation  efforts and  improved
management of these species. Overall, the
non-consumptive utilization of groupers
through eco-tourism represents a promising
avenue for promoting the sustainable
use and conservation of these important
marine resources.

Limited information is available on
the current state of global trade dynamics
of grouper fish despite its considerable
demand in local and global markets. Based
on the comprehensive global capture
fisheries dataset provided by the Food and
Agriculture Organization (FAO), the top ten
countries that have emerged as prominent
producers of grouper include Indonesia,

China, Philippines, Mexico, Malaysia,
Brazil, Pakistan, Nigeria, United Arab
Emirates, and United States. The TFAO’s

dataset serves as a valuable resource for
understanding the global landscape of
grouper production, shedding light on the
relative contributions of these nations to
the overall output of these economically
important fish species. These countries
account for over 83% of the total landings
from 2010 to 2015 (Amorim et al., 2019).
Over 20 countries, including grouper,
facilitate the live reef food fish trade (LRFFT)
to Hong Kong. Hong Kong serves as the
central international trade hub for this
industry. The LRFFT is indirectly
distributed to Mainland China through
Hong Kong (Khasanah et al., 2020). The
demand for grouper fish is substantial
across multiple fishing industry sectors,
encompassing commercial, recreational,
and subsistence fishers (Frisch et al,

DOI: https://doi.org/10.59120/drj.v14i2.109

2016). According to a study conducted by
Khasanah et al. (2020), it has been observed
that grouper fish tend to command the
highest prices among the available
seafood options in local markets. The
LRFFT is primarily motivated by the desire
to meet the demand for food consumption
(Fabinyi, 2016) and the aquarium trade
(Madeira and Calado, 2019). The grouper,
a highly sought-after fishery commodity in
Southeast Asia, is prominent in the region’s
fishing industry (Rimmer and Glamuzina,
2017). However, it has attracted considerable
attention due to its involvement in the
LRFFT, which has subjected it to extensive
exploitation (Burgess et al, 2020). The
steep prices offered by exporters to local
fishermen have resulted in a situation
where the targeted species are at risk of being
excessively depleted due to overfishing.

The NOAA Fisheries have expressed
a strong dedication towards safeguarding
and rehabilitating the populations of E.
striatus, the most threatened species of
grouper (Asch and Erisman, 2018). The
conservation and management of
endangered species is of utmost importance.
To this end, improving the accuracy of the
fisheries landing data on grouper and
establishing additional marine protected
areas, such as No-take marine reserves, is
deemed necessary. The implementation of
a no-take marine reserve marine protected
area (MPA) has been proposed as a potential
solution to address the overfishing of
grouper (Andrello et al., 2013; Friedlander
et al, 2017). This approach involves the
establishment of a designated area within
the marine environment where all forms
of fishing and other extractive activities
are prohibited. By doing so, the MPA’s
marine ecosystem can recover and replenish
its fish stocks, which can then spill over into
adjacent areas outside the MPA. This
strategy has been shown to be effective in
restoring depleted fish populations and
improving the marine environment’s overall
health (Frisch et al, 2016). Establishing
MPAs has been recognized as a potential
mechanism to enhance larval dispersal
between neighboring MPAs, which can have
significant  implications for fisheries
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productivity (Cabral et al, 2020). The
empirical evidence suggests that
implementing a network of MPAs in the
Gulf of California has increased the
abundance of commercially important
species in adjacent fished areas (Ramirez-
Ortiz et al., 2022). Population connectivity
holds great significance in the context
of  regional-scale resilience against
anthropogenic disturbances (Lequeux et al,,
2018). It is widely recognized as a crucial
criterion in the planning and establishing
MPAs. Larval dispersal is a fundamental
mechanism that plays a significant role
in facilitating population connectivity.
MPAs have emerged as a prominent strategy
for safeguarding marine ecosystems and
promoting population connectivity.
Therefore, establishing a no-take marine
reserve MPA represents a promising
approach to address the issue of overfishing.

China

China is the leading global producer
of grouper, accounting for 65% of the
world’s production (Figure 1). Grouper
aquaculture has been practiced for 50
years in China (Xiao et al., 2019). China is
home to eleven prevalent cultured species
of grouper, including but not limited to
E. tauvina, E. lanceolatus, E. malabaricus,
E. areolatus, and E. bleekeri (Rimmer and
Glamuzina, 2017). The prevalent methods
of grouper aquaculture in this area
encompass the utilization of floating
cages and inland ponds (Kang et al., 2018).
Recently, there has been an increase in
the utilization of High-density polyethylene
(HDPE) circular  cages, which can
accommodate a larger number of fish
(Megarajan et al, 2022a). The HDPE
cages are utilized within the regions of
Hainan Province and Hongkong (Pang et
al., 2023). In this region, groupers are
commonly fed with moist pellets and
trash fish as a source of sustenance (Mo
et al., 2018).

One of the challenges faced in grouper
aquaculture practice is water pollution,
which may arise from various sources such
as chemical pollutants, plastic waste, heavy
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metals, and toxic substances (Li and Achal,
2020). Maintaining good water quality in
aquaculture operations is often complicated
by various factors, including the
accumulation of trash fish at the bottom of
cages, algal blooms, and poor water flow
(Xie et al., 2021b). These problems may
significantly affect the overall success of
grouper farms. The seasonal variation in
water temperature has a considerable impact
on floating cage operations. During colder
seasons, floating cages are not recommended
due to the potential for high mortality
rates among grouper caused by the cold
water (Sun et al., 2019). One additional issue
pertains to the differential growth of
grouper, which results in instances of
cannibalism (Yang et al.,, 2021). The disease
and high mortality rates during the juvenile
stage are prevalent in grouper farming
(Shen et al, 2017). China has made
significant progress in grouper aquaculture,
particularly in the establishment of
additional hatcheries and nurseries (Zhou
et al,, 2019). The utilization of large circular
cages made from HDPE has proven to
be a viable solution to meet the growing
demand in both domestic and international
markets (Megarajan et al., 2022a). Efficient
moist pellets have been developed and
utilized to promote optimal growth and
production of grouper (Mo et al., 2016).

Taiwan

Taiwan accounts for 17% of global
production and is the second-largest
producer of grouper worldwide (Figure
1). Taiwan has successfully cultivated over
40 marine fish species for mariculture (Lu
et al, 2015). During the 1970s and 1980s,
E. coioides, E. lanceolatus, Trachinotus
blochii, Lutjanus argentimaculatus, L.
stellatus, and Acanthopagrus latus were
seen to undergo full-cycle grouper
aquaculture in large volumes and are still
in use today (Kuo et al., 2016). There are
15 species of grouper that are commonly
cultured, with the most prevalent species
being E. lanceolatus, E. coioides, E.
malabaricus, and E. fuscoguttatus (Lee et
al, 2021). Annually, 20 million fries and
over 7000 t of grouper are produced from
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700 hectares, comprising 2001 hatchery
and grow-out farms (Guy et al., 2014). They
supply fertilized eggs and seed grouper to
export markets (Rimmer and Glamuzina,
2017). The cultivation of fish can be carried
out through two methods, namely indoor
and outdoor techniques, which include
floating cages and ponds (Cherrie et al., 2020).
The predominant feeding practice among
grouper farmers involves the utilization
of moist pellets (Rimmer et al.,, 2017). They
are a significant producer of grouper
that meets marketable size standards
(Megarajan et al, 2022b). They are one of
the leading producers of fingerlings in
Asia (Rimmer and Glamuzina, 2017). In
South Taiwan, family-run outdoor pond
farms were common for raising grouper
(Rimmer and Glamuzina, 2017; Megarajan et
al., 2022a).

The escalating issue in Taiwan
pertains to water quality and its correlation
with diseases (Chen et al, 2022). The
deterioration of water quality is associated
with an increase in mortality and
incidence of diseases. The most prevalent
disease among groupers is viral nervous
necrosis, which researchers have suggested
may be transmitted to the fish by ingesting
infected copepods, a common food source
for juvenile groupers (Huang et al., 2017).
The issue of cannibalism (Kuo et al., 2021)
and bird predation (Wang et al., 2020) also
pose a challenge in grouper farming. Taiwan
has made significant advancements in
grouper aquaculture, focusing on specialized
areas such as brood stock, hatchery, nursery,
and grow-out (Ting et al, 2015). The
successful mass production of fertilized eggs
for grouper has been achieved (Noh et al,,
2019). The development of fry production
systems and the implementation of
specialized subsystems (Fachry et al.,, 2018)
and division of labor have been major
developments for grouper farmers (Lee et
al., 2022). Their efficiency in producing live
feeds, particularly to feed juvenile grouper
with rotifer and copepods, is exceptionally
good (Rayner et al.,, 2015). Formulated feeds
have become prevalent in the aquaculture
industry to promote the optimal growth of
grouper species (Glamuzina and Rimmer,

DOI: https://doi.org/10.59120/drj.v14i2.109

2022). The hatchery for grouper is operated
by individuals with extensive experience in
the field (Rimmer and Glamuzina, 2017).
The government supported extensive
research and development initiatives and
established an extensive infrastructure
to support the cultivation and processing
of grouper (Lin et al, 2023). Significant
government support and well-structured
industry organization for grouper are
critical for the long-term success of
grouper farming. The Economic Cooperation
Agreement (EFCA) signed in 2010 between
China and Taiwan, a trade agreement, has
facilitated favorable market operations for
grouper in Taiwan (Lo, 2022).

Indonesia

Indonesia accounts for 11% of the
worldwide production of grouper, making
it the third-largest producer of this fish
(Figure 1). The expansion of grouper
aquaculture has been observed in various
regions of Indonesia (Henriksson et al,
2017). However, there is a lack of
statistical information on the quantity
of grouper aquaculture operations in this
country. The farming techniques used in
this area include full-cycle aquaculture
and wild-caught grow-out (Fachry et al,
2018). Cromileptes altivelis is an example
of a wild-caught grow-out species of
grouper that is highly valued in the
market due to its high cost (Khasanah et al.,
2020). The Full-cycle culture involves the
significant production of E. fuscoguttatus
species (Fachry et al., 2018). The Asia-Pacific
region relies heavily on Indonesia as the
primary source of fingerlings (Ismi and
Budi, 2020). Grouper farms use floating
cages and ponds for their operations
(Mayerle et al, 2018). Furthermore,
there are tanks utilized for nursery and
hatchery purposes, particularly in East
Java and Southern Sumatra (Rimmer and
Glamuzina, 2017). Grouper are commonly
fed with trash fish and pellets as a
sustenance (Rimmer and Glamuzina,
2019). The broodstock of E. fuscoguttatus
demonstrates consistent spawning activity
throughout the year (Fatma et al., 2022).
Currently, two hybrid species, namely E.
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fuscoguttatus x E. lanceolatus, are being
cultured in Indonesia (Muzaki et al., 2021).
These two hybrid varieties exhibit greater
disease resistance and have a shorter
maturation period of 9 to 12 months,
attributed to their rapid growth rate.
High-value grouper species, such as
Cromileptes and Plectropomus, are frequently
transported by air, whereas less expensive
grouper species are commonly transported
by land and water vehicles (Rimmer and
Glamuzina, 2017).

One prevailing concern in Indonesia
is the reduced survival rate of juvenile
grouper, which can be attributed to
cannibalistic behaviors (Novriadi, 2019).
The challenge associated with expanding
grouper aquaculture pertains to identifying
the most suitable spots for additional
grouper farms that offer good water
quality conditions conducive to growth and
development (Yanuhar et al, 2022). Too
many grouper seeds are available due to
hatcheries leads to the capacity of grow-out
farms being exceeded, which results in a
high mortality rate for grouper seedstock
and the price of grouper seed falls due
to oversupply (Rimmer and Glamuzina,
2017). The challenges faced in Indonesia
concerning grouper aquaculture include
the substantial initial investment cost and
limited availability of funds and credit
for initiating the business (Khasanah et al,,
2020). The lack of technical skills among
small-scale grouper culturists is also
perceived as a problem (Herry et al., 2019).
Several species, including E. coioides, E.
fuscoguttatus, and C. altivelus have been
successfully spawned as broodstock for the
advancement of grouper farming in this
region (Rimmer and Glamuzina, 2017). The
Indonesian Government, in partnership
with the Ministry of Marine Affairs and
Fisheries (MMAF) Institute for Marine
Research and Development in Gondol,
has provided significant support to the
initiative aimed at achieving sustainable
grouper aquaculture (Khasanah et al,
2020). This collaboration involves the
participation of Japanese and Australian
countries.
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Malaysia

Malaysia has 719 cage fish farmers,
with 37% involved in the grouper
industry (Iliyasu et al, 2015; Islam et al,
2016). Seedstocks are obtained from the
wild for grow-out aquaculture (Waludin
et 2018). Both private and government
hatcheries are present with the intent
of growing grouper (Cheng et al, 2015).
Most of the seedstock for grouper,
specifically E. lanceolatus, E. fuscoguttatus,
and C. altivelis species, are sourced from
Taiwan (Ching et al, 2018). The utilization
of net cages in grouper farming is
prevalent in the regions of Sabah and
Sarawak (Arai, 2015). The predominant
species cultured in the eastern and
peninsular regions of Malaysia are E.
coioides, E. tauvina, E. fuscoguttatus, E.
lanceolatus, P. leopardus, and C. altivelis
(Rimmer and Glamuzina, 2017). Grouper
are fed with low-value fish species
commonly referred to as “trash fish” (Islam et
al.,, 2016).

The hatchlings exhibit a low level
of resilience and a high mortality rate
during their initial developmental
stages (Ariff et al, 2019). Fry and
fingerlings exhibit higher mortality rates
and are susceptible to various diseases.
Despite the presence of government and
private hatcheries, the insufficient
number of grouper hatcheries remains
an important challenge to the successful
aquaculture of this species in the region
(Islam et al., 2016). The declining
accessibility of trash fish is attributed to
anthropogenic threats and overfishing
(Jagerroos, 2016). The survival rate of E.
lanceolatus and C. altivelis is adversely
affected by water quality issues (Rimmer
and Glamuzina, 2017). Improved health
in the broodstock is also a necessity in this
region (Hassan et al., 2015). There is an
inadequate number of male grouper
spawners, resulting in inconsistent and
unpredictable spawning patterns. Grouper
has few spawns, poor fertilization and
hatchery rates, weak hatchlings, and a
high death rate in the early stages
(Rimmer and Glamuzina, 2017). It has been
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determined that E. fuscoguttatus exhibits
a favorable survival rate within the
waters of Malaysia (Fui et al., 2016). The
Department of Fisheries (DoF) of Malaysia
(Fathi et al, 2018) and Universiti Putra
Malaysia (UPM) (Alipiah et al, 2016)
conduct research and produces grouper
larvae for aquaculturists, private
hatcheries, and nursing constitutes a
significant development in this region.
Additionally, UPM offers training on the
cultivation of grouper. The government has
designated areas for aquaculture and has
built infrastructure for it (Jumatli and Ismail,
2021).

Philippines

The grouper aquaculture industry
in the Philippines depends on the grow-out
of fry and fingerlings captured from the
wild (Palma et al., 2019). The Philippines
is a major supplier of wild-caught grouper
fry, fingerlings, and sub-adult in Southeast
Asian region (Rimmer & Glamuzina, 2017).
The sources of grouper are found in various

regions of the Philippines, including
Pangasinan, Cavite, Mindoro, Quezon,
Masbate, Bulacan, Cagayan, Dadiangas,

Zamboanga del Sur, and Negros Oriental
(Pomeroy et al., 2007; Alcantara and Yambot,
2016). When the seedstock for grouper
aquaculture is insufficient, the Philippines
imports grouper from Taiwan (Fachry
et al., 2018) and Indonesia (Khasanah et
al,, 2020). Currently, an increasing number
of individuals are engaged in grouper
farming, particularly in Palawan
(Villanueva et al., 2021). The practice of
cultivating groupers involves the utilization
of floating net cages, fixed net cages, or
ponds that have been previously employed
for shrimp aquaculture (Rimmer and
Glamuzina, 2017). There are limited
broodstock  operations and  multiple
privately-owned  hatcheries  (Alcantara
and Yambot, 2016). The popular cultured
species include E. coioides, E. malabaricus,
E. lanceolatus, E. fuscoguttatus, with a
relatively minor production of P. leopardus
and C. altivelis (Alcantara and Yambot,
2016; Villanueva et al., 2021). Groupers
are sold at the local markets, hotels, and
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restaurants in Manila (Peralta-Milan et al.,,
2020).

The Philippines faces a shortage
of fry and fingerlings of suitable size for
the grow-out of grouper, which presents a
significant challenge (Cruz-Lacierda and
Nagasawa, 2017). The poor quality of fry
and fingerlings can be attributed to using
destructive capture methods such as
mangrove nets and lift nets (Marte and
Toledo, 2015). The issues of trash fish
supply, overfishing, and  destructive
fishing practices pose a concern in grouper
resources (Rimmer and Glamuzina, 2017).
The large amount of fry and fingerlings
exported to neighboring Asian countries
now becomes a problem in the Philippines
due to the groupers’ population decline,
which may be attributed to this activity
(Cabasan et al., 2020). Challenges
encountered in  grouper aquaculture
include grow-out disease caused by Vibrio
spp. (Nurliyana et al., 2019), poor water
quality (Palanca-Tan, 2018), and damage
to cages from storms (Monteclaro et al.,
2018). Problems in spawning and post-hatch
low survival due to parasites and diseases
are among the problem in the grouper
industry in this country (Rimmer and
Glamuzina, 2017). Despite significant
research in hatchery techniques, grouper
aquaculture continues to depend on wild
seedstock (Palma et al, 2019). Grouper
aquaculture is costly for small-scale fish
farmers (Rimmer and Glamuzina, 2017).
The Southeast Asian Fisheries Development
Center-Aquaculture  (SEAFDEC), located
in Tigbauan, Ilo-ilo (Mamauag and Ragaza,
2017), is engaged in the provision of
technical expertise and research activities
of grouper species such as E. coioides and
E. malabaricus. SEAFDEC has researched
broodstock development, seed production,
and nursery and grow-out culture.
Hatchery facilities for E. fuscoguttatus
have been developed in Palawan to
allow the production of fry and fingerlings
(Villanueva et al., 2021).

Thailand
Grouper aquaculture is rapidly
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growing in Thailand (Dennis et al,
2020). Floating net cages are utilized in the
provinces of southern and eastern Thailand
(Rimmer et al., 2017). There has been a
transition observed among farmers from
aquaculture of shrimp to grouper farming
(Rimmer and Glamuzina, 2017). Important
farmed grouper are E. lanceolatus and E.
fuscoguttatus. They are also one of
Southeast Asia’s main sources of wild-
caught grouper seedstock (Rimmer and
Glamuzina, 2017). There exist private and
government hatcheries for grouper.

A grouper hatchery is available
for species like E. lanceolatus and E.
fuscoguttatus. Wild-caught juvenile
grouper species like E. coioides, E.
malabaricus, and E. bleekeri are used for
grow-out aquaculture (Fachry et al., 2018).
They either sell grouper on the domestic
market or export it to Hongkong, Singapore,
and Malaysia (Rimmer and Glamuzina,
2017). In Thailand, there are problems with
grouper, such as the high number of viral
diseases and  parasites that affect
this species (Jungi et al., 2022). One of the
primary concerns in this locality involves
the lack of accessibility to both trash
fish and expensive synthetic feed (Rimmer
et al.,, 2017). There have been instances
of theft, which is why grouper cages
have been placed in front of the home of
owners (Rimmer and Glamuzina, 2017).
Raising groupers has emerged as a key
area of focus for the government.
Department of Fisheries, Ministry of
Agriculture and Cooperatives research and
development efforts aimed at enhancing
grouper production (Sutthinon et al., 2014).

Vietnam

Grouper aquaculture is a recently
established enterprise in Vietnam
(Nankervis et al., 2022). There is a growing
trend towards cultivating groupers in
aquaculture (Dennis et al., 2020). Grouper
aquaculture relies on the grow-out of
wild-caught fry and fingerlings (Palma et
al., 2019). Many operations are conducted
on a small scale, such as family-operated
grouper aquaculture (Chi et al, 2017).
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The prevalent cultured species include E.
coioides, E. malabaricus, and E. bleekeri
(Van Truong et al, 2016). The grouper
industry employs various cultivation
methods, including floating net cages,
fixed net cages, and ponds used for shrimp
culture (Rimmer and Glamuzina, 2017).
Locally, fish caught from nearby waters
are used as trash fish to feed the grouper
(Van Truong et al, 2017). Grouper
aquaculture is abundant in the Northern
Province and South-central Provinces of
Vietnam (Rimmer and Glamuzina, 2017).
Hybrids are also employed in aquaculture,
such as the hybrid of E. fuscoguttatus x E.
lanceolatus and E. fuscoguttatus x C. altivelis
(Nankervis et al.,, 2022; Dennis et al., 2020).
In the North Province of Vietnam, there
is a notable production of large-sized
grouper intended for export to China.
On the other hand, the South-central
Province is known for cultivating small-
sized grouper mostly for local consumption
(Rimmer and Glamuzina, 2017).

The primary issues in grouper
aquaculture include the supply of grouper
seed and its poor quality, which can be
attributed to the practices involved in
catching and handling (Rimmer and
Glamuzina, 2017). The cost of trash fish is
relatively high (Dennis et al, 2020).
Currently, the government is undertaking
research on grouper through the Research
Institute for Aquaculture-1 (RIA-1)
(Dennis et al., 2020) and Fisheries
University in Nha Trang (Turon et al,
2020). The focus of these research
institutions is on DNA metabarcoding,
hatchery techniques, and broodstock
maintenance for grouper (Rimmer et al,
2017).

Other Asian countries

Cambodia is a minor contributor to
the global production of grouper, having
produced 200 tonnes of this fish in 2014
(Bueno, 2018). Marine cage farms typically
consist of 20 to 50 cages, with approximately
two-thirds of the cages being utilized for
seabass cultivation and the remaining
one-third being allocated for grouper
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cultivation (Joffre and Chheng, 2016). There
are no public or private hatcheries, so they
must import fingerlings from other Asian
countries or gather them from the wild
(Rimmer and Glamuzina, 2017). Groupers
are fed with trash fish (Sorphea et al.,, 2018).

Cultivating groupers in net cages
commercially is observed in Kyun Su
Township, located in the Taninthayi
Division of Myanmar (Schneider et al,
2015). Myanmar’s grouper production 2014
was recorded at 150 tonnes, indicating a
relatively small contribution to the
global output of this fish species (Rimmer
and Glamuzina, 2017). This region has no
grouper hatchery facilities (Aung, 2021).
They rely on the grow-out of wild-captured
E. coioides and E. tauvina. Since groupers
(Epinephelus spp.) are common and easy
to capture, local populations have not
traditionally been interested in them
(Rimmer and Glamuzina, 2017). Groupers
have recently gained popularity in the
fisheries trade because of high foreign
market demand, inspiring farmers to start
testing their aquaculture.

India is a significant contributor
to the global fish farming industry,
primarily focusing on inland finfish
aquaculture (Rutaisire et al, 2017).
However, the potential for mariculture
production in the country remains largely
unexplored. India invests more in
freshwater and brackish water fish
aquaculture ponds (Ninawe et al, 2017).
The Ministry of Commerce and Industries,
Marine Products Export Development
Authority, and Ministry of Agriculture
Indian Council of Agriculture Research
(ICAR) have provided support for grouper
aquaculture, which is being carried out
in collaboration with the Central Marine
Fisheries  Research Institute (CMFRI)
(Pathak et al, 2022). Despite the
standardization of methods for broodstock
development, sex inversion, and captive
spawning of certain species of grouper,
such as E. tauvina, E. malabaricus, E. merra,
and E. coioides, by CMFRI, the application
of these techniques has been limited to
laboratory settings (Ranjan et al, 2022b).
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This is due to challenges in obtaining
natural males from the wild, issues with
sex reversal, and troubles in larval rearing,
which are attributed to the small mouth size
of the species. As a result, the dissemination
of these methods to farmers has been
hindered. Despite the fish’s high prices on
the international market, these issues
discouraged Indian farmers from pursuing
grouper farming.

Culturing marine finfish in floating
cages has emerged as a still developing
industry in Brunei Darussalam (Azmey et al.,
2020). The most common cultivated species
include E. coioides, E. suillus, E. malabaricus,
and E. bleekeri (Tamat et al., 2019). Fingerlings
were found to be vulnerable to bacterial,
fungal, and parasitic infestation due
to the stress they experienced during
transportation from various Asian countries
(Azmey et al, 2020). A designated area for
aquaculture has been established, with a
limited number of permitted farms, and
obtaining a license is a mandatory
requirement for those engaging in grouper
aquaculture (Bueno, 2018). The groupers
within this region are provided sustenance
through the utilization of trash fish (Eu et
al.,, 2022).

The annual aquaculture production
in Singapore is extremely low (Shen et al.,
2021). Most of the fish produced in Singapore
is sold on the local market. From 1965 to
1980, the primary focus of aquaculture was
on cultivating freshwater fish species. The
main varieties of freshwater species
cultivated are tilapia spp and various strains
of common carp (Lim, 2016). Due to the
limited space available for freshwater
aquaculture, aquaculture has shifted from
freshwater culture to marine culture (Shen
et al.,, 2021). Seabass, cultivated in Singapore
for more than 40 years, is the main species
for marine aquaculture (Liu et 2022).
Epinephelus spp and a hybrid of
Moycteroperca tigris x Epinephelus lanceolatus
have been subjected to aquaculture.
However, their marine aquaculture
production remains low (Shen et al., 2021).
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CONCLUSION

Asia is home to a total of 48 species
and 16 hybrids of grouper that are
currently being farmed. The aquaculture
industry in China and Taiwan has
experienced a notable surge in the
production of grouper. The current review
paper also includes information on the
conservation status of farmed grouper
species, with 67% rated as least concern,
17% as data deficient, 10% as vulnerable,
and 2% each for critically endangered
(E. striatus), endangered (E. akaara), and
near threatened (E. aeneus). The declining
wild grouper population, notably in
Asia, severely impacts the conservation
status of the species. This decline
demonstrates the tremendous global
threats that groupers receive. These
threats include overfishing, water pollution,
and capture-based aquaculture. Various
strategies have been proposed for managing
grouper resources to augment their
population in the wild. These strategies
include refraining from fishing during

spawning aggregation, implementing
a close season, establishing marine
protected areas (MPAs), implementing

a non-consumptive strategy (eco-tourism),
and promoting additional full-cycle grouper
aquaculture.

The current paper highlights four
primary concerns on grouper aquaculture
in Asia. Firstly, the absence of hatcheries
in most Asian countries has led to a heavy
reliance on wild-caught juvenile grouper,
thereby contributing to a decline in the
population of this species in its natural
habitat. Secondly, the poor quality of
seedstock, characterized by low survival
rates during early stages and broodstock
quality, has emerged as a significant
challenge in this field of study. Third,
providing financial and technical support
is crucial in the progress of grouper
aquaculture. Fourth, the expensive nature
of trash fish as a food source for grouper,
coupled with the limited availability of
fish pellets in several Asian nations,
presents a challenge.
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On the other hand, there has been
notable advancement in some Asian
region about  grouper aquaculture.
Specifically, there has been a surge in
research-based initiatives facilitated by
research institutions from both the private
and public sectors and academic institutions.
Additionally, there has been an increase
in government support in terms of financial
and technical assistance. Finally, it has
been observed that the success of grouper
aquaculture is contingent upon establishing
well-organized aquaculture organizations.
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