creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

Thesis for the Degree of Master of Fisheries Science

Review on Global Crab Production and Its

Potential to Aquaculture 1n Africa

by

Obodoefuna Somadina Mmaduakonam

Division of Fisheries Science
The Graduate School of World Fisheries University,

Pukyong National University

August, 2021



Review on Global Crab Production and Its
Potential to Aquaculture in Africa

A AA A FAH ozl gt Al G
AE gisk HE

Advisor: Prof. Christopher L Brown

by

Obodoefuna Somadina Mmaduakonam

A thesis submitted in partial fulfillment of the requirements

For the degree of
Master of Fisheries Science

Division of Fisheries Science, The Graduate School of World Fisheries University

Pukyong National University

August, 2021



Review on Global Crab Production and Its

Potential to Aquaculture in Africa

A thesis
by

Obodoefuna Somadina Mmaduakonam

Approved by :

(Chairperson) Prof. Sungchul C. Bai

(Member) Prof. Chang Ik Zhang (Member) Prof. Christopher L. Brown

August 27, 2021



Review on global Crab Culture and Its Potential to Aquaculture in Africa.

Obodoefuna Somadina Mmaduakonam

Division of Fisheries Science, The Graduate School of World Fisheries University,

Pukyong National University

Abstract
More than 5000 species exist but about 4500 species are true crabs while the others are called hermit
crabs that uses other animal shell for protection. The culture is the processes involved in acquiring
crablets from the hatchery and rearing in grow out ponds till it gets to table size. This is mostly done
in south east Asia countries because of the inability to meet the demand only from the wild.
Fattening of captured wild juvenile crabs is also a good culture method, mostly done because of low
hatchery success in crab culture. Overexploitation of natural crab stock without considering the age,
size and status (gravid) has led to declining wild populations. The interest of many hatchery
scientists and private fish farmers on crabs and provision of crablets has been influenced by growing
market demands of crab meat all over the world. Crab culture technology lags behind because of
species-dependent challenges in the rearing and reliable production of healthy seedstock. In this
paper, the status of crab (Eriocheir sinensis, Callinectes sapidus, Scylla serrata, Portunus
trituberculatus and Portunus pelagicus) aquaculture globally is examined together with
technological development and problems hindering the industry. The potential for development of

the crab aquaculture industry in Africa is discussed.
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. INTRODUCTION

This thesis examines the status of crab aquaculture worldwide, considering
its technological development and constraints to aquaculture industry growth.
Special attention is focused on the suitability of crab culture and its potential for
commercial establishment in Africa.  Possibilities for the establishment of
commercial crab culture in Africa are evaluated in terms of the availability and
prospects for transfer and development of suitable technology, and the potential
economic and nutritional contributions of cultured crabs to the development of

African communities.

Crabs, according to FAO (2006) contribute about 20% of all crustaceans
caught, farmed, and consumed worldwide both from marine and freshwater sources,
which amounts to about 1.5 million tonnes annually. The species Portunus
trituberculatus contributes one-fifth of that total. Cancer pagurus, the Dungeness
crab (Metacarcinus magister), and the mud crab Scylla serrata each contribute
yields of more than 20,000 tonnes every year. Worldwide production of both wild-
captured and cultured crabs has increased. Crab culture technology lags the
culture of other crustaceans because of species-dependent challenges in the rearing
and reliable production of healthy seedstock. Until recently, crab farming was
reliant on the collection of wild megalopae and juveniles, but habitat degradation

and patterns of overharvesting have reduced the available wild seedstock supplies
1



among many species of crustaceans. Crab fattening — the captive maturation of
wild juveniles — and the production of soft-shell crabs have emerged as hatchery-
independent crab production operations, but the absence of abundant hatchery-
reared juveniles has delayed the arrival of large-scale farming of most crab species.
When available, hatchery-reared juveniles have also supported stock enhancement,

replenishment, and sea ranching efforts.

Numerous and complicated larval phases and a propensity for cannibalism
have been problematic to larviculturists. ~ Larval rearing involves transitions
through multiple zoeal stages followed by metamorphosis into megalopae, and
megalopae and juvenile crabs show species-dependent degrees of aggressiveness
and cannibalistic tendencies. Crabs are especially vulnerable to cannibalism after
each molt. Survival of late larval and early juvenile phases rank at the top of

obstacles to establishing reliable crab hatchery technology.

The U.N. Food and Agriculture Organization (FAO) compiles annual
records of crab harvests, and the latest available data reveal several trends.
Between 2008 and 2018, the harvest of wild crabs increased to total production of
about 1.7 million metric tonnes in 2015 - the highest landing in the last ten years.
Aquaculture produced crab has also been on the increase over the last ten years
with a series of efforts made to overcome the problem of unavailability of crablets

for aquaculture. Total production in 2018 of about 1.1 million metric tonnes was



the highest amount between 2008 and 2018. Three specific harvests account for
about 86.6% of this increase, they include: mitten crab (Ereocheir sinensis)
production in China and the capture harvest of Gazami crab (Portunus
trituberculatus); both more than doubled during this 10-year period. These two
species collectively account for 67% of the FAO-reported crab harvest. The
mitten crab is extensively farmed in China with hatchery-reared juveniles, and the
harvest of wild Gazami crabs in Japan and elsewhere has been supported by
hatchery production for stock enhancement or sea-ranching purposes; that practice
began in 1963 (Hamasaki et al., 2011). The increase in mitten crab production in
China between 2004 and 2018 far exceeds the 5.8% per annum growth rate of the
aquaculture industry (FAO, 2016). Another sharply increased harvest reported
over this eleven-year period was for the mud crab, Scylla serrata, largely resulting
from the availability of hatchery technology. S. serrata is preferred by farmers
because it is larger and less aggressive than the other 3 mud crab species (Quinitio
et al., 2009) and S. serrata, together with S. tranquebarica, S. paramamosain and
S. olivacea can be commercially produced from the wild and as well produced

through aquaculture throughout their distribution (Shelley & Lovatelli, 2011).

In addition to the long-established hatchery program for P. trituberculatus
stock enhancement, the most recently reported FAO totals for eight harvested crabs
indicate the sharpest increases in production for two other crab species (E. sinensis

and S. serrata), both supported with hatchery technology. An additional five
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species of commercial importance are at present only captured and have negligible
rates of aquaculture. The lack of hatchery technology is widely recognized as the
primary constraint to crab aquaculture industry development (Williams and
Primavera, 2001). Larval rearing methods were first developed in the 1960’s for
Portunus pelagicus and Portunus trituberculatus (Hamasaki et al., 2011), methods
development was initiated in the 1970’s for E. sinensis (Cheng et al., 2008), and
has been actively under development more recently for Scylla spp. (Quinitio, 2003;
Shelley and Lovatelli, 2011). Mud crab (Scylla spp.) aquaculture production is
currently expanding which is attributed to the high market demand/price, high flesh
content, and rapid growth rates in captivity. In addition, they have the ability to
tolerate nitrate (Romano & Zeng, 2007B) and ammonia, which is beneficial
because Ammonia-N is the main bottleneck on closed aquaculture systems
(Romano & Zeng, 2007A). Hatchery technology for the production of juvenile
Scylla spp. crabs is being refined and applied in the Philippines, Bangladesh, India,
Vietnam, and elsewhere. There have been successful development programs
intended to make crablets readily and easily accessible for aquaculture, especially
for commercial purposes. One example is the initiative by World Fish and
Bangladesh Fisheries Research Institute (BFRI) for producing crablets in
laboratory conditions, which according to Molla et al., (2009) was successful as a
first attempt in Bangladesh. This initiative provides hope that Bangladesh and

countries depending on them for crablets are on their way to gaining the needed



expertise for development of a viable crab hatchery. A large-scale expansion of
commercial Scylla sp. production in Vietnam has been announced recently (Shrimp
News, 2018), with ambitious production and economic targets. These new mud
crab hatchery initiatives could provide a useful model for the launch of crab

farming in Africa.

Aquaculture was first introduced in Africa in the early 20th century mainly
to satisfy the earlier recreational fishing needs (Hecht et al. 2006). African
aquaculture is growing and will continue to grow if the species cultured are
diversified to include not only finfish but also crustaceans and mollusks. African
aquaculture centers on finfish especially north African catfish and Nile tilapia have
been successfully cultured in ponds in Kenya, starting in the 1920s (FAO, 2005).
Finfish culture has not met the demand for food fish in the growing African
population, so diversification to include other species like crabs could add to food

security, increasing employment opportunities and income to the farmers.

Impediments to African crab farming are the lack of seedstock for the
growing industry, lack of technical know-how on hatchery technology and the
grow-out farming operations, expertise on the prevention of diseases in both
hatchery (bacterial and fungal infections, and protozoan infestation) and grow-out,
reduction of cannibalism from nursery to grow-out phase and reduction in the

dependence on low-value fish for feeding.



Addressing the above-mentioned problems will help improve both the crab
farming sector and aquaculture in general in Africa, thereby helping to obtain the

potential nutritional and economic benefits of crab farming in Africa.



Il. STATUS OF GLOBAL CRAB AQUACULTURE

1. Mitten Crabs

Mitten crabs (Eriocheir sinensis and related species) are native to coastal
waters extending from Russia to China, spending a majority of their life in
freshwater rivers but returning to the ocean to breed. Their life cycle includes
spawning in the ocean, a free-swimming larval phase, an anadromous migration,
adult life and maturation in fresh water rivers or lakes, and a later catadromous
reproductive migration.  Consequently, brackish water or seawater culture
systems are required to rear larvae to the megalopa stage, and for hatchery
production of juvenile mitten crabs. Mitten crabs are omnivorous and euryhaline,
and adults exhibit tolerance of a broad range of temperatures and other water
quality conditions. After reproducing, mitten crabs have depleted energy reserves
and begin to experience mortality. Their dietary preferences shift throughout
development, with an early reliance on algae and detritus but becoming voracious
and considerably more carnivorous eaters as they grow (Veilleux and de Lafontaine,
2007; CABI, 2018). Dense patches of dark setae on their claws distinguish mitten
crabs from other species. Adult mitten crabs are tolerant of exposure to pollutants
such as heavy metals (e.g. mercury and cadmium) and can endure extended periods

of time out of the water and without food (see Veilleux and de Lafontaine, 2007;



Zeng et al., 2012). The robustness of mitten crabs contributes both to their
suitability as aquaculture farm subjects and to their tenacity as invasive species.
Fecundity can be very high - around a million eggs per spawn (Sui et al, 2011),
leading to rapid recovery after overexploitation and to explosive population growth
during invasions of areas lacking natural predators (CABI, 2018). Mitten crabs
are a costly and environmentally damaging invader that can out-compete, out breed,
and quickly displace endemic crab species, and control measures that have been
implemented in Europe and North America are frustratingly ineffective. These
trends reflect the species high degree of competitiveness, high fecundity and
reproduction rate coupled with their tolerance of a wide range of environmental
changes. In United States of America for instance, the law forbids the importation,
transportation and possession of live Chinese mitten crabs (Elizabeth et al., 2006)
in a bid to curb the invasiveness of the crab. According to Stephen (2006) some
efforts/measures such as "catch as many as you can", migration barriers, trapping,
creation of awareness, the use of electrical screens and pulses used earlier proved

to be ineffective.

Acceptable larval water quality parameters are much more moderate than
those of adults: temperature 15-25°C and acceptable salinities range from brackish
to full strength seawater (15 — 32 PSU; Veilleux and de LaFontaine, 2007), which
makes the megalopae form within 24 days. The optimal temperature and salinity

for the proper development of megalopae is temperature between 18-25 °C and
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20-25 /oo salinity (Steven et al., 2012). Moreover, suboptimal temperature and
salinity range affects the survival rate of megalopae. Environmental tolerance
limits of larvae are thought to define the range for establishment of Erocheir
sinensis as a non-endemic nuisance, as exemplified in Northern California, USA
(Blumenshine et al., 2012) and in western Europe (Herborg et al., 2007). Zoeael
survival has been found experimentally to be contingent on water with at least 16
PPT (or °/00, ~ 16 PSU) salinity and a minimum temperature of 11.7°C (Tsukimura,
2008). Unlike adults, larval mitten crabs are vulnerable to predation (CABI,
2018). Water parameters for captive mitten crabs are kept in check by combinations

of ecosystem services and by aquaculture efforts.

Mitten crabs are considered a delicacy in China, with a 1000-year tradition
of human consumption (Sui, 2008). Persistent efforts in recent decades to
improve culture technology have established E. sinensis as the most abundantly
cultured of crab species; the total harvest of mitten crabs exceeds that of all other
cultured crabs combined (Cheng et al., 2008). The history and incentives for
farming Mitten crab follow a classic paradigm: overfishing and habitat destruction
caused a collapse of wild populations in China in the early 1980’s, and unmet
demand was followed by the accelerated development of hatchery methods
beginning in the 1970’s. As with other crabs, the availability of adequate and
reliable hatchery technology has been rate-limiting in the emergence of mitten crab

farming. The need for dependable, on-demand production of healthy seed-stock
9



is a major obstacle throughout crustacean culture, and progress with mitten crabs
in China has required persistent scientific attention. Initial hatchery work focused
on the generation of healthy juveniles for rebuilding, replacing or enhancing wild
populations, followed by their use in semi-intensive stocking for rearing in cages
and pens, and eventually for commercial farming. Most recently the record of
progress in hatchery technology reached a prestigious benchmark with the October,
2017 approval of Zhejiang Aoling Aquatic Seeding Technology mitten crab farm
in Huzhou, China for Global Aquaculture Alliance (GAA) Best Aquaculture
Practice Certification (GAA, 2018). Erocheir sinensis shares the dual distinctions
of being a revered cultural favorite that is also listed among the world’s 100 Worst

Invasive Species (Global Invasive Species Database, 2018).

The steady advancement of mitten crab propagation technology has been
recommended as a model for the development of hatchery technology for other
species of crabs (Cheng et al., 2008). Ofall cultured crabs, mitten crab larvae are
considered to be technically easiest to rear (Qi et al., 2013). An overview of the
sequence of steps in hatchery technology development for E. sinensis crablet
production may provide useful insight into appropriate refinements to emerging
crustacean hatchery technology. A forecast of technical obstacles likely to be
faced and acceptable approaches to them may help to provide a sense of what can
be anticipated in the development of technology for other decapod aquaculture

candidates.
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Chinese mitten crab populations were severely impacted in the 1960s by
overfishing and environmental disruptions/degradation maybe as a result of
pollution (e.g influx of chemicals, plastics, oil spillage, etc.) and the construction
of dams (Zeng et al., 2012). Hatchery research was launched in the 1970s
following the decline of wild stocks, which collapsed in 1982. Diminished
supplies of wild megalopae conventionally collected for captive grow-out
operations raised interest in improving larviculture, and various live, frozen, and
formulated larval feeds were tested. Several events coincided to accelerate the
pace of the advancement of mitten crab farming technology. Unprecedented
larval rearing success was reported by Zhao (1980), using synthetic seawater for
larviculture with a diet of Artemia sp. nauplii. Larval nutrition is not especially
challenging in this species; E. sinensis can be reared on nothing more than algae,
chicken egg yolk and beer yeast, although these were often supplemented with
rotifers and Artemia sp. (Qi et al., 2013).  During the early 1980’s, China adopted
new official policies favoring openness to international scientific exchange (Gao,
2015). This was a pivotal time for building momentum in the aquaculture
industry, as produciton by capture fisheries was beginning to level off (FAO, 2016).
Marine hatchery technology in particular reached a notable turning point,
becoming more widely accepted as a legitimate scientific pursuit (see FAO manuals
by Tacon,1988; Baluyut, 1989). Innumerable larval diets were under

development with live or natural planktonic organisms, cultured, frozen, HUFA-
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enriched, and synthetic formulated feeds, all being evaluated in various sequences
and combinations to meet the nutritional needs of developing marine larvae (Tacon,
1988), and many of the more difficult species were offered Branchionus plicatus
or Artemia sp. embellished with nutrient enrichments tailored to meet their specific

requirements (Leger et al., 1986).

The harvest of wild mitten crab megalopae declined abruptly almost to zero,
in early 1982, and has not recovered (Cheng et al., 2008). This occurred just
before a series of viral outbreaks in the late 1980’s and 1990°s that devastated
Penaeid shrimp farms, in many cases resulting in their closure (Sui et al., 2011).
Chinese shrimp hatcheries and farms were frequently reconfigured for conversion
into mitten crab production facilities, resulting in an unprecedented expansion of

mitten crab larviculture and farming in the 1990s (Sui et al., 2011).

Annual megalopae hatchery production increased at a brisk and steady rate
(Cheng et al., 2008; Zeng et al., 2012), and the resultant availability of large
quantities of juvenile crabs in the 1990’s contributed to rapid, sustained growth of

mitten crab production on farms, as depicted in Figure 1., below.
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Figure 1: Growth in total harvests in the mitten crab aquaculture industry, redrawn
from FAO data.

This increase in mitten crab aquaculture production also led to the increase in value
of harvests in USD and has contributed meaningfully to the world economy,
especially that of China where it is massively produced. According to FAO (2010)
the total value of mitten crab aquaculture was about 4.9 million USD and in 2018
it was about 9.6 million USD showing the corresponding increase in value with
increase in total tonnes of yearly productions. So prominent success in the hatchery
technology or procurement of larvae and juveniles will further increase the harvest
and at the same time increase the value of total production. This increase in value

over the years is shown in the figure below.
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Figure 2: Increase in total harvests value in USD of the mitten crab aquaculture
industry, redrawn from FAO data

E. sinensis larvae are reared in brackish or salt water, progressing through
a series of five stages of zoea, followed by a metamorphosis into megalopae.
Megalopae are final-stage, morphologically crablike larvae that are suitable for
distribution and stocking elsewhere for nursery care and growout. Hatchery
managers emphasize the critical importance of brood-stock quality and nutrition,
conditioning pre-spawning brood-stock with natural foods like razor clams
(Sinonovacula constricta), and more recently with highly effective formulated diets
(Wu et al., 2009), trash fish (Chaeturichthys stigmatias) and sandworms (Nereis
Jjaponicus, a sea cucumber) can be used as natural foods also. Female brood-stock

crabs should be about 125-150 grams and males should be larger than or 150 grams

14



(Bob, 2018). Reproductive output and larval performance were statistically
indistinguishable in comparisons of those two conditioning diets, although larvae
from females fed the formulated diet had larger carapaces with shorter inter-molt
durations (Wu et al., 2009). Synchronized molts among larvae within a cohort
have remained a target of hatchery operators, since they can result in reduced rates
of cannibalism associated with molting. Fecundity is very high in mitten crabs;
females produce up to a million eggs per spawn, and females are capable of a
second spawn after carrying eggs after a single mating. With their pleopods, the
female carries their eggs beneath the abdomen during the embryo development
which takes about 2 to 4 months (Bob, 2018). Secondary spawns are seldom used
in hatcheries, since egg and larval quality and quantity are reduced (Ji et al., 2006).
Both intensive indoor and extensive or semi-intensive outdoor larviculture
approaches are used to rear mitten crab larvae (Zeng et al., 2012). Recent protocols
are reliable and elaborate, with a series of water exchange protocols throughout the
zoeal stages and feeding of zoea using stage-dependent diets with changing
proportions of microalgae, rotifers, copepods, Artemia sp. nauplii and egg yolk,
supplemented from the zoea 3 stage onward with soybean milk and Spirulina sp.
powder (Zeng et al., 2012). The entire larviculture process takes about three weeks

before megalopae can be transferred to nursery facilities.

Mastery of crab culture methodology requires a long attention-span.

Hatchery methods for mitten crabs have consistently been refined in China since
15



the late 1970s, and a persistent long-term commitment to technology development
has produced exemplary results. Yangtze River Delta in southern China is the
center of hatchery processes followed by the Liao River area in northern China.
Most megalopae used in China are produced in these areas and distributed to other
parts of China for the continuous grow-out phases. Among the principles that have
guided this body of work, some recurring themes have contributed more than others
to the emergence of practical methods for the mitten crab fishery in China. Both
brood-stock and larval feeding and nutrition have remained the subject of sustained
research efforts. ~ Adult mitten crabs have been described as voracious
detritovores that can eat and survive on almost anything, but attention has been
focused on optimizing the nutritional quality of broodstock conditioning diets.
Larval diets are also continually being tested and refined in a continuous push from
acceptable toward optimal, since improving and synchronizing molts during the
development of zoea contributes substantially to their health and to the collective

survival of a cohort.

Strategic thinking about intensive megalope production has evolved, from
earlier green-water culture methods to the replacement of chemical treatments with
careful and deliberate microbial management (e.g. the establishment of mature
microbial ecosystems to discourage opportunistic pathogens; Sui et al., 2011; Wang
et al., 2016). Antibiotic use was formerly routine, but reliance on antibiotics has

been sharply reduced and, in some cases, eliminated. Formal standards for
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antibiotic use in the GAA certification approved for Zhejiang Aoling, mentioned
above, discourage the use of antibiotics except in strictly regulated, supervised, and
reported applications (GAA, 2017).

1.1. Erocheir Sinensis Status and Prospects

Dining on mitten crabs has been fashionable in China for a thousand years
(Sui, 2008; Naser et al., 2012). Their cultural significance and the rich aquatic
farming tradition in China have combined to elevate the status and advance the
technical caliber of mitten crab hatchery and farm production. Mitten crab culture
is by far the largest of worldwide crab production component among aquaculture

industries.

An urgent need for genetic management has been identified (FAO, 2006-
2018). High market values have driven rapid growth, and earlier poorly planned
transfers of formerly isolated genetic stocks have resulting in crossbreeding,
enhanced rates of gene flow and reductions in genetic diversity (Sui et al., 2011).
Overexploitation of wild stocks and an earlier lack of genetic conservation have
undermined seed quality, which is recognized as a continuing and as yet unresolved
problem in mitten crab culture (FAO, 2006-2018). Reduced performance in
genetically compromised strains may include reduced growth rates and a high
incidence of precocious sexual maturation of crabs during the nursery phase
(Chang et al., 2017). The causes for this syndrome are poorly understood; early

maturation followed by reduced growth is accompanied by and could be mediated
17



by altered gene expression in the endocrine eyestalk, (Xu et al., 2015); it can result
in the loss of up to 30% of a farmed crop of mitten crabs (Zeng et al., 2012; Chang
etal., 2017).

E. sinensis has become a government-endorsed companion crop to rice in
China, replacing traditional carp/rice culture to a large extent, adding a new and
environmentally friendly market for mitten crab seed, and new incentives for
conservation (Li et al., 2007). Selective breeding programs have produced five
certified strains of genetically improved mitten crabs, with growth rates increased
by up to 26.0% (Liu et al., 2018). With sufficient maintenance of genomic
diversity, the continued development of genetically improved or domesticated
mitten crabs could produce strains that are highly adapted to farm production, and
to production in rice fields. Marked progress in the development of salt tolerant
rice strains (Pang et al., 2017; Gregorio and Senadhira, 1993) may open new
opportunities for co-culture with mitten crabs in brackish coastal environments.

Steady growth and intensification in mitten crab farming help to meet
unwavering demand in the profitable Chinese market. Expansion and
intensification of crustacean farms has been associated with increased rates in the
emergence of new microbial pathogens (Stentiford et al., 2012), so the need to
maintain a high standard of health and water quality management is urgent. Some
models suggest that the intensity of crustacean culture, genetically-mediated

immune system response, and susceptibility to pathogens may be functionally
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linked (Kao et al., 2012). Economically devastating lessons have been learned
about the role of culture intensity in the emergence of new viruses and lethal Vibrio
spp. bacterial outbreaks in intensive Penaeid shrimp monocultures (Kautsky et al.,
2000). Penaeid shrimps are more vulnerable to viral and bacterial epidemics than
crabs are, but relationships of intensification, immune capacity, and environmental
degradation including chemical and microbial environments must remain prime
concerns in the assessment of risks in mitten crab culture (Sui et al., 2011; FAO,
2006-2018).

The suitability of mitten crab hatchery technology for other crab species
will be limited by differences in the biological characters of the species involved,
especially the relatively mild degree of aggressiveness in small mitten crabs. E.
sinensis 1s less cannibalistic than most crab species, and the captive cultivation of
others such as mud crabs (Scylla spp.) and the blue crab (Callinectes sapidus) are
often seriously disrupted by cannibalism in the hatchery. Refined diets in mitten
crab zoeal stages are designed to contribute to synchronized molting, and reduced
cannibalism; a similar approach and other steps will likely be necessary for other

species.
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2. Atlantic Blue Crab

The common name Blue Crab refers to at least four aquatic crab species:
Callinectes sapidus, the Chesapeake or Atlantic blue crab endemic to coastal areas
in the US and introduced elsewhere, Portunus armatus (formerly P. pelagicus), the
blue swimmer crab of the western Pacific, Portunus trituberculatus, the heavily
fished Japanese blue crab, native to the Northwestern Pacific, and Paralithodes
platypus, the blue king crab of the North Pacific. The same common name is also
used for two terrestrial crabs, Cardisoma guanhumi, and Discoplax celeste.
Aquaculture of C. sapidus has been proposed for both stock enhancement and
farming purposes and some preliminary research and encouraging demonstration
work has been completed, but FAO data show that aquaculture production has

remained at zero for the last 14 years,

Viewed locally in the middle Atlantic coast of the USA as a national treasure
(CBF, 2008), estuarine Chesapeake blue crab populations have been on the brink
of collapse in recent years. Blue crab capture fisheries are located primarily in
three areas — the Chesapeake Bay, the Gulf of Mexico, and the southeastern US
coast. Harvests have been declining since 1993, when 129,570 tonnes were
captured (FAO, 2018). That harvest, valued at about US $100 million, was
estimated to be the capture of about 30% of the population (Chesapeake Progress,
2018). A slight upturn in abundance has raised the possibility that a reversal of

the downward trend may be occurring, although the 2017 crabbing season was
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shortened in Maryland because of unexpectedly poor estimates of C. sapidus
population size (CBS Baltimore, 2017). Declines in the abundance of blue crabs
are attributed to environmental degradation, poor water quality, the loss of suitable
and sheltered nursery areas, and a pattern of overharvests. Long-term declining
harvests have been accompanied by sharp reductions in spawning stocks and in
poor rates of larval abundance and recruitment (Lipcius and Stockhausen, 2002).
Although their analysis indicates that population abundance is down and the
Chesapeake Bay area is considered to be overfished, Monterey Bay Aquarium’s
Seafood Watch advisory service with expertise in sustainability lists wild-caught
Chesapeake Bay blue crab as a “best choice” (Monterey Bay Aquarium Seafood
Watch, 2018).

An environmental restoration plan for the Chesapeake Bay is underway,
with participation from six US states and numerous state and federal agencies (EPA,
2017).  Extensive environmental actions and control measures have been
implemented with the intention of improving the ecological status of the bay, with
targets for reversing eutrophication by establishing limits of nutrient (N and P)
concentrations and sediment loads in the watershed. The loss of seagrass, oyster
reefs, and other shallow water habitat in middle Atlantic coastal areas in the US has
eliminated important sources of refuge for wild juveniles, increasing their exposure
and their vulnerability to predation and cannibalism (Hines and Ruiz, 1995).

Ambitious conservation measures appear to have produced some progress toward
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restoration targets, although ecosystemic recovery is a slow process. It is also a
process that appears to have been hampered by political and other issues (Baltimore
Sun, 2017).

Efforts to culture and farm C. sapidus have been sporadic, and limited for
the most part to demonstration-scale projects. Academic hatcheries in the US at
the University of Maryland and the University of Southern Mississippi have reared
blue crabs as demonstrations, toward eventual privatization. Out-of-season
spawning, problem-free larval rearing, and successful metamorphosis to the
postlarval stage on a diet of rotifers (Branchionus plicatus) and Artemia sp. nauplii
were reported by Sulkin et al. (1976). The culture of large numbers of zoeae is
not especially challenging, but survival among post-metamorphic megalopae is
problematic. Cannibalism accounts for up to 97% of the juvenile diet in this
species, and the degree of cannibalism in a wild cohort is considered to be the
primary determinant of its recruitment success (Hines and Ruiz, 1995). The
extremely high incidence of cannibalism has stifled hatchery production of juvenile
blue crabs.

A multidisciplinary consortium was organized in 2001 to promote the
development of technology to support the C. sapidus fishery, with a focus on
aquaculture. Importantly, this consortium had government backing and industry
(Phillips Foods) and commercial fisheries participation. The Blue Crab Advanced

Research Consortium (BCARC) subscribes to principles outlined by Blankenship
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and Leber (1995) and others for responsible, scientifically informed and
multifaceted environmental management.

The decline of breeding stocks and persistent overexploitation of
Chesapeake and Carolina C. sapidus populations suggest a potentially favorable
prospect for the replenishment of wild stocks from hatchery sources. Stock
enhancement is considered promising for populations that are consistently smaller
than environmental carrying capacity, as is the case with C. sapidus in Chesapeake
Bay (Seitz et al., 2008). = A BCARC-affiliated University of Maryland (UM) study
of the feasibility of blue crab culture for stock enhancement purposes examined a
variety of methods that appear to have some potential to reduce the rate of
cannibalism by megalopae. @ The observation that juvenile crabs reared
individually in isolation exhibited 100% survival was cited as evidence that losses
to cannibalism can possibly be reduced. = Manipulations of diet, stocking density,
grading by size and the provision of shelter substrates were tested at the UM Center
for Marine Biotechnology, or CMB (Zmora et al., 2004). Larval culture yielded
large numbers of zoeae (>40%) that metamorphosed into megalopae, and extensive
cannibalism reduced the proportion of surviving juveniles to about 10%. Tagging
and release in 2002 of >290,000 hatchery-reared juveniles and their recapture as
adults supported the conclusion that stock enhancement of this species is capable
of helping to rebuild declining wild blue crab populations (Davis et al., 2005).

Hatchery reared blue crabs totaling 515,000 were released between 2001 and 2007
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in annually increasing quantities, with favorable rates of recovery and a
demonstrable entry into the pool of actively reproducing adults (Zohar et al., 2008).
Cultured crabs in those studies performed similarly to their wild counterparts.
Additional investigations described as under development experimentally
addressed the effectiveness of release strategies as functions of timing, location,
juvenile age, conditioning, stocking variables, habitat, and hatchery operating costs
(Heinz et al., 2008). Citing the success of these demonstrations and the
effectiveness of a program of stock enhancement of the Japanese blue swimming
crab, Portunus trituberculatus (Arayama et al., 2001), Zohar and colleagues
forecast the release of up to 16 million cultured C. sapidus crabs per year into
Chesapeake Bay waters (Zohar et al., 2008).

Callinectus sapidus impact on biodiversity is disturbing. It mutilates
trapped fish, preys on bivalves such as clams, mussels, and oysters in wild and in
aquaculture operations as well (CABI, 2019). It is the most notable predator of
clams and oysters especially in the United States of America, contributing heavily
to the large-scale mortality of American bivalves. It is recorded that it can prey on
575 clams per day with highly destructive impacts. So CABI (2019) suggests

protection and control measures in any culture with abundant C. sapidus.

Juvenile crabs from the CMB study were also used to stock ponds for
culture on at least one freshwater farm in North Carolina (NCSU, 2008), with a

prediction that 20% survival of crabs in freshwater ponds could be anticipated, with
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expected revenues of $36,000 per acre. A flurry of YouTube, eHow, and Pintrest
posts followed, recommending commercial C. sapidus farming. FAO aquaculture
data between that time and the present tell a less optimistic story. C. sapidus
harvests from aquaculture occurred over an eight-year period with a peak harvest

in 2001 and zero after 2004 till the present date, as exemplified in figure 3, below.

Global Aquaculture Production for species (tonnes)
Source: FAO FishStat
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Figure 3: Aquaculture production of Callinectes sapidus between 1950 and 2016

2.1. C. Sapidus Status and Prospects
Harvests of C. sapidus have been on a declining trend (FAO, 2018), as
indicated on the figure above and at least in part because of the reduction by more

than 80% of the spawning stock (Lipcius and Stockhausen, 2002). Highly fecund,
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omnivorous R-selected species like the blue crab have the capacity for resilient
recoveries, but reproductive stock abundance has remained generally depressed
(see Hines et al., 2008) followed by some inconsistent signs of recovery (Maryland

Department of Natural Resources, 2017).

The multidimensional recovery plan implemented for the Chesapeake Bay
and in particular the plan to rebuild the C. sapidus population (EPA, 2017) has
produced some encouraging results; the total number of crabs in the bay has
increased from 2008 to the present, but it is still far below 1990 and 1991 levels
(Maryland Department of Natural Resources, 2017). It is also subject to
unexpected and short-term fluctuations. The abundance of crabs in Chesapeake
Bay declined 18% from 2016 to 2107, and the recruitment of young crabs declined
by 54% during the same period (Maryland Department of Natural Resources, 2017).
Disappointment in those 2017 survey results and the apparent reversal of a short-
term trend of improvement led to conflicts and the disruption of scientifically-based

management processes (Baltimore Sun, 2017).

The Chesapeake Bay appears to be a suitable location for blue crab stock
enhancement activities. The MCB studies cited above and more than a decade of
hatchery research at the Gulf Coast Marine Laboratory, University of Southern
Mississippi (Blue Crab Technical Task Force, 2015) identified the movement of

laboratory demonstrations of hatchery and stock enhancement toward full
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implementation, but that has not happened. Plans call for habitat restoration in
the form of improved Atlantic estuarine water quality, the recovery of oyster reefs
and seagrass beds, and other factors contributing to ecosystemic health. Practical
technology for hatchery production of ample numbers of megalopae has been
demonstrated (Zmora et al., 2005; Zohar et al., 2008), as has their probable
incorporation into reproductive C. sapidus stocks (Hines et al., 2008), but
economic feasibility and the harmonious cooperation of user groups remain

uncertain.
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3. Mud Crab

There are four main species of mud crab, Scylla serrata, S. tranquebarica,
S. paramamosain and S. olivacea. These four species can be produced from both
commercial fisheries and aquaculture production throughout their distribution
(Shelley & Lovatelli, 2011). They are among the most valuable crab species in the
world and are mainly sold live. Among the four, S. serrata is preferred by farmers
because it is larger and less aggressive than the other species (Quinitio et al., 2009).
Interest in the aquaculture of this species has been high due to the high
demand/price for them, high flesh content, and rapid growth rates in captivity. In
addition, they have a high tolerance to both nitrate (Romano & Zeng, 2007B) and
ammonia which is beneficial because Ammonia-N is often the bottleneck to

production in closed aquaculture systems (Romano & Zeng, 2007A).

Mud crab aquaculture is dependent on the above-mentioned traits and crab
seed collection from the wild, mostly from estuaries and coastal mangrove areas.
The low success in hatchery and larval rearing is attributed to high mortalities at
every level of larval development. Cannibalism, poor water quality, bad
environmental conditions, problems of feeding and nutritional deficiencies,
parasitic infections, fungal infections, viral diseases and bacterial diseases all
contribute to early mortality. These high mortalities can be seen in the ending part
of rearing period as well because during rearing, the water quality deteriorates from

the accumulation of feces, dead larvae and uneaten food at the pond bottom,
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promoting the outbreak of pathogenic bacteria and other diseases organisms.
Application of probiotics to the medium is seen by some as a suitable solution
(Lavilla-Pitogo et al., 2002). The use of antibiotics has been recommended, e.g. 20
mg/L streptomycin (Takeuchi et al. 2000) or 2 mg/L Sodium Nifurstyrenate
(Hamasaki et al. 2002b) or as a bath (100 mg/L Oxytetracycline) for Z1 larvae
before being stocked into pilot scale systems (Baylon and Failaman 2001), formalin:
e.g. 25 mg/L of formalin (Kaji et al. 1991) and a 24 hour LC50 for S. serrata Z1
has been estimated at 37 mg/L (Churchill 2003). Other prophylactics that kill
bacteria can be used to mitigate the problem. Note that these references advocating
antibiotic and disinfection approaches are all somewhat dated, and these methods
are viewed less favorably now. Other control measures include proper hygiene,

treatment of water before use and high rates of water exchange.

There has been an increasing trend in mud crab production during the last
two decades (up to 2008). The total production of mud crabs from aquaculture in
Asia and Africa was over 138,000 tonnes valued at nearly USD 377 million in 2008
according to FAO (2008) and China is the largest producer of farmed mud crabs.
The Philippines and Indonesia are also major producers, followed by Myanmar.
With the establishment of hatcheries in some countries, worldwide mud crab
production is expected to continue to increase. FAO in 2016 reported that global
total farmed mud crab (S. serrata) production was 89,390 tonnes which showed a

remarkable increase in production from year 2010 total production of about 36,992

29



tonnes. The figure below, significantly shows the total production of mud crab since
2010 has been on the increase till 2017 when there is a slight decrease in
productions. Cannibalism, disease outbreak, farmers abandoning crab farming
are some of the reasons the total landings have been on the decline. The peak
production was in 2016, where more than 90 thousand metric tonnes of mud crab

were landed.
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Figure 4: Aquaculture production of Scylla serrata between 2010 and 2018.
redrawn from FAO data

This increase in mud crab aquaculture production also led to the increase in
value in USD over the years and has contributed to the world economy, majority
of these coming from China, South Asia and Africa. It was recorded by FAO in
2010 that the total value of mud crab aquaculture was about 2 hundred thousand
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USD and in 2011 it was about 7 hundred thousand USD showing the corresponding
increase in value with increase in total tonnes of yearly productions. The yearly
production of 2015 was higher in tonnes than that of 2014 but the monetary value
of that 2014 is higher than that of 2015, and the same issue was repeated between
2017 and 2018 (highest production in 2018 but the value is low compared to that
2017). There is little room for doubt that prominent success in the hatchery
technology or procurement of larvae and juveniles will further increase the harvest
and at the same time increase the value of total production. This increase in value

over the years is shown in figure 5, below.
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Figure 5: Increase in total harvests value in USD of the mud crab aquaculture
industry, redrawn from FAO data.
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Mud crab culture as stated by Primavera et al. (2010) has a relatively
moderate effect on the environment, since low stocking densities are used to limit
cannibalism by these species. The cannibalistic behaviour in mud crab can be
reduced by sorting and grading by size, as well as by making shelter available for
them (Mirera et al., 2013). The small crabs and crablets use the shelter as refuge
and cannibalism in larger crabs tends to decrease. The culture can contribute to
environmental conservation through integration with mangroves and the reseeding
of natural populations. Construction of ponds and for farming is not encouraged,
partly to avoid further deforestation and destruction of mangroves. The culture of
mud crab in mangroves where they exist mutually is a symbiotic and
environmentally friendly relationship, and a good approach to the sustainable
culture of mud crabs. = The mangroves serve as shelter and refuge to the mud crabs
while the mud crabs burrow the soil for easy penetration of the roots of the

mangroves.

The global problems of mud crab farming are associated with the unavailability of
crablets for the expanding industry, disease prevention and control in hatchery and
grow-out, cannibalism especially in nursery phase and increasing use of fish meal
in the production and feeding of mud crabs. Cannibalism has been the most
challenging problem of them all, which farmers have little or no knowledge on how

to avoid entirely other than the reduction of stocking density.
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4. Gazami Crab
Portunus trituberculatus, the Gazami crab known as Japanese blue crab or horse
crab is the most widely sought-after crab of Portunus species or the most fished
Portunus crab species in the world. It is mostly seen at the off the coast of east Asia
as in Japan, Korea, China and southeast Asia countries (Hamasaki et al., 2006) and
form important part of fisheries of these countries (Hamasaki et al., 2004, Yu et al.,
2006). It is closely related to Portunus pelagicus and it is one of the dominant
species of swimming crabs, of which the other two are Portunus pelagicus and
Callinectus sapidus. The fisheries of the three dominant species appear to have
grown over the past three decades, but harvests of the two Portunus species have
increased at a more rapid pace than for C. sapidus (FAO 2000 and David et al.,
2002). A decline in natural resources and everyday increase in market demands
have led to interests in development of aquaculture techniques for P. trituberculatus
(Xue et al., 1997). This led to rapid emergence of the hatchery seed production and
pond-culture of P. trituberculatus which spread quickly along the coastal regions
of east China since the 1990s (Xie et al, 2002). The interests in farming of P
trituberculatus have been affected by the outbreak of viral diseases in shrimp farms
especially in China over the years, according to Xue et al.,1997 and Xie et al., 2002,
since Portunid crabs can act as carriers for viruses. P trituberculatus, in east
China has been seen and encouraged as an alternative species to farmers for

saltwater pond aquaculture (Shi et al., 2007) and this consequently increased
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aquaculture production of P, trituberculatus to 83,465 tons in 2006 (Liu et al., 2007).
Interest in the aquaculture of this species just like other species of crabs has been
high due to the high demand/price for them, high flesh content, and rapid growth
rates in captivity especially in Japan and neighbouring countries. Other driving
forces include; high export and import value, low labour cost, ability to withstand
harsh weather conditions, good source of protein especially to the coastal

communities and a viable source of employment for the teeming population.

Gazami been widely distributed has high genetic diversity, this challenges our
knowledge and understanding of its biogeography (Bradley et al., 2020). The
interest in stock enhancement (supplementing natural fish population using
hatchery produced fingerlings/juveniles) and aquaculture of this crab led to the
interest and research on its early life stages (Bradley et al., 2020). Just like other
crab species, high mortalities in the early life stages of the larval development are
the major cause of poor hatchery and production output. This early life stage
mortality is a result of several factors like cannibalism, poor water quality, bad
environmental conditions, problems of feeding and nutritional deficiencies,
parasitic infections, fungal infections, viral diseases and bacterial diseases.
Cannibalism and aggressiveness of this species contributes more to this problem,

which is a major discouragement to hatchers and grow out farmers.

Currently, the brood stocks from the wild are used for seed production of P.
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trituberculatus, which could hinder or stunt development of this crab aquaculture
industry in China sustainably (Xie et al., 2002, Shi et al., 2007), Japan, Korea and
other parts of east Asia. The quality and quantity of those wild caught brood stocks
are inconsistent, and can introduce pathogens into farming system (Coman et al.,
2006, Meng et al., 2009). Furthermore, the natural recruitment process and fisheries
production of crab could be affected by the constant and increasing removal of
mature crabs from the wild to serve as brood stocks for hatcheries (Fu et al., 2006).
Coman et al., 2006, Peixoto et al., 2008 and Gao et al., 2008 opined that the only
remedy to this problem is the utilization of domesticated stocks for hatchery
production which should also facilitate genetic selection for desirable traits, such

as rapid growth and pathogen resistance.

There have been trends of increasing and decreasing Gazami production over the
past ten years. The capture fisheries of Gazami crabs are supplemented by the
crablets from the hatchery and aquaculture. So, stock enhancement has been a very
important part of Gazami capture production, as in Japan where a “put and take”
enhancement method is practiced by releasing hatchery produced juveniles and
fingerlings into water bodies. They are caught by the fishers after 6 to 8 months
of their release prior to spawning and reproduction (Hamasaki et al., 2011). For this
reason, it is impractical to view the production of Gazami crabs by capture fisheries
and aquaculture productions because the two are thoroughly integrated. The

production is mainly in Asia and was over 385,000 tonnes in 2010 (FAO, 2010)
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and south east Asia is the largest producer of Gazami crabs. It was reported by FAO
in 2018 that global total production of Gazami crabs (P. trituberculatus) was
493,134 tonnes which showed remarkable increase in production from year 2010
total production of about 385,346 tonnes, but there was a decline in total production

when compared that of 2018 to 2017 total production.
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Figure 6: Growth in total harvests in the Gazami crab aquaculture industry,
redrawn from FAO data.

Figure 6 shows the total production of Gazami crab from 2010 to 2018. This
illustrates a consistant increase in total production from 2010 till 2014 and from
2015, the production started declining till date. The peak production was in 2014,

where more than 600,000 metric tonnes were produced. A number of factors might
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be responsible for this decline in production. These factors include; lack of hatchery
success, lack of reliable seedstock source, aggressiveness and cannibalistic nature
of the species, broodstock availability, lack of capital to foster the production

processes, lack of technical know-how, disease outbreak, pollution, poaching, etc.
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5. Blue Swimming Crab (Portunus Pelagicus)
Portunus pelagicus, recently has its name changed to Portunus armatus (Craig,
2016) and can also be referred to as Flower Crab, Blue Crab, Blue Swimmer Crab,
Blue Manna Crab and Sand Crab depending on the location found. It is famously
called rajungan in Indonesia. The crab is commonly found in most of the Australia
estuaries and east to New Caledonia (Lai et al., 2010). “Blue Swimming crab lives
in a wide range of inshore and continental shelf areas, including sandy, muddy or
algal and seagrass habitats, from the intertidal zone to at least 50m depth” (FAO,
2014). Studies recently revealed that the crab can adapt to a variety of habitats and
populations may be comprised of different species. According to Lai et al., 2010
the known Portunus pelagicus actually has four different species which are P.
pelagicus, P. segins, P. reticulatus, and P. armatus differentiated by their colors of
the carapace and other morphological features. It can be seen in southeast Asia
(Japan and Philippines), East Asia (Indonesia), Fiji Islands, westward to the Red

Sea and east Africa.

Portunus pelagicus is heavily fished. In Indonesia and India where its an
integral part of the aquaculture and valuable seafood industries, its supply and
harvest are declining because of the yearly increase in demand for the crab from
the growing population, which leads to overexploitation (Mehanna et al., 2013).
This pattern can be seen in yearly catches, both in quantity and in quality. The

livelihood of the people depending on P. pelagicus as source of protein is
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threatened together with concerns about sustainability, which can directly or
indirectly affect the economy of these countries. To combat this rising problem,
rearing and stock enhancement of blue swimming crabs is seen as most desirable
solution (Gadhavi et al., 2013). The rate at which it is been fished is higher than
the natural recruitment rate, which leaves stock enhancement process as the only
way to curb this defect, avoiding the species from extinction (Nicholas et al., 2007).
Soundarapandian et al., (2013) also opined that conservation and good
management practices are the biggest challenges and the promotion of sea ranching
is an effective solution. Muthiga (1986), suggested that releasing of juveniles,
gravid crabs and newly moulted ones to the wild is a means of avoiding

overexploitation and transitioning to sustainable harvesting.

The capture of young, undersized and gravid P. pelagicus should be
discouraged through education, creation of awareness among fishermen and
implementation enforcement of laws. Closure of fishing area, the release of non-
target/undersized crabs immediately, minimizing of fishing effort, seasonal
banning of crab shipment, mesh size regulation, regulation of fishing areas,
restriction and ban of destructive gears and prohibition of unorthodox fishing
methods are good ways to eliminate these problems. In Australia, some areas such
as South Australia, New South Wales, Western Australia and Queensland states
prohibit the catching of crabs with carapace sizes below 11cm, 6cm, 12.7cm and

11.5cm respectively (Wikipedia 2021).
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Wild blue swimming crabs are caught, domesticated and used in hatcheries
to propagate crablets and make them available for culture and the replenishment of
the wild stock. It is a good aquaculture crop because of their fast growth rate, ease
of larviculture, high fecundity, tolerance to ammonia (Nicholas et al., 2007a
Nicholas et al., 2007b), acceptance of artificial feeds and adapt to changing/new
environments. The desirable increase in P. pelagicus production can be achieved
through intensive aquaculture system (Harris et al., 2014). Capture and aquaculture
compliment the other because the hatchery depends on wild broodstock animals
while the wild stock depends on hatchery produced crablets for recovery. The
success of aquaculture of Portunus pelagicus as reported by some researchers is
attributed to low growth performance and survival rate (Fujaya et al., 2016), disease
incidence during culture, molting syndrome, cannibalism, and lack of feeds for
optimal nutrition (Govindasamy and Srinivasan 2012). Nutrient completeness and
adequacy are important to ensure the normal growth and development of the crabs
and the nutritional requirements for proteins, fats, carbohydrates, vitamins, and

minerals differ by crab type, age and size (Efrizal et al., 2019).

The grow out aquaculture production of blue swimming crabs both in the
past and present show a pattern of diminishing landings. This is guessed to be as
result of the use of the majority of crablets from hatcheries for enriching the wild
stock. FAO data (2018) indicate that the production of blue swimming crabs is

carried out primarily aquaculture in Asia, Africa and Oceania. FAO (2018) reported
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that global total cultured Blue swimming crab production was 24 tonnes, which
showed considerable variability in production from year 2009, with the lowest

annual production in recent years of 20 tons.
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Figure 7: Aquaculture production of Portunus pelagicus between 2009 and 2018.
Redrawn from FAO data.

This production compared to aquaculture production of other crab species is very
small and serious attention is needed in this species to optimize produciton. From
figure 8, the total production of Portunus pelagicus since 2009 has been
fluctuating. There have been increases and decreases in yearly production since

2009 but the highest landing of 41 tonnes was recorded in 2014.
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Figure 8 shows the yearly monetary values in USD between 2009 and 2018 as
recorded by FAO in 2018. The total value of blue swimming crab aquaculture was
about 225,000 USD in 2009, 376,000 USD in 2014 which shows there was increase
in value as the production increases. 2014 happened to be the year of highest return

in value as well and 2015 the year of lowest return in value but among the highest

producing years in tonnes.
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I11. POTENTIAL OF CRAB FARMING IN AFRICA

Capture fisheries dominated in Africa before the turn of 20" century when
aquaculture was introduced to enhance stocks for the recreational fishing needs of
the then colonial masters (Hecht et al., 2006). FAO in 2005 reported that static
water was used first to successfully culture Tilapia in Kenya in the 1920s. This is
known to be the first aquaculture activity in Africa before it was more broadly
adopted in order to attain sustainable food production. This act was driven by the
bid to combat poor nutrition and lack of employment especially in rural areas, and
to provide an additional source of income. Aquaculture in Africa concentrates on
finfish, with smaller quantities of shellfish culture. The most common finfish
species cultured are catfish and tilapia and culture is primarily found in Egypt,
Nigeria and Uganda as key players of aquaculture industry in Africa (Babatunde et
al., 2020). Tilapia in Egypt is the most cultured species, which account for 67% of
the total cultured fish in 2014 (Shaalan et al., 2018). Other species cultured in Egypt
include mullet, gilthead seabream, European seabass, Penaeus, catfish and meager
(Shaalan et al., 2018). Catfish, tilapia and carps are commonly cultured species in
Nigeria but the catfish culture dominates, accounting for more than 80% of

aquaculture production followed by tilapia (Anetekhai Agenuma 2010).

Historically, ancient Egypt was among the very early aquaculture
practitioners. Most African aquaculture farmers concentrate on finfish, leaving the

aquaculture of shellfish relatively undeveloped. Africa’s aquaculture contributes
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about 2.7% to the total global production, which is a relatively insignificant portion
considering population size and nutritional requirements (Halwart 2020).
Freshwater aquaculture dominates by contributing about 99% of Africa total
production while marine aquaculture contributes 1% (FAO 2018). Factors like
capacity building and human development, research and development, fund
accessibility, promotion of private sector led aquaculture, etc. has led to remarkable
increase in the aquaculture of these top countries over the years (Satia 2017).
Industry growth in Egypt sees has been the subject of government interventions in
past years, coupled with increasing investments in private sector, yielding positive
aquaculture growth and development (Soliman and Yacout 2016).  These
increases are largely a consequence of investments in catfish and tilapia production,
with relatively little attention to shellfishes (crustaceans and mollusks) such as
shrimps, crabs, oysters, clams, etc. This component of aquaculture is much more
substantial in Asia, Europe and the Americas. FAO in 2016 reported total
production to be 2,115,000 tons, which shows a dramatic increase in total
production to what was produced as far back as 1995 which is 150,000 tons and
this might be as a result of those factors mentioned earlier. More than 6.2 million
people are employed in African aquaculture, majority of them are women who
engage in commercial aquaculture (Satia 2016). This author indicates that African
women are mostly employed in postharvest and marketing components of African

aquaculture business. It is believed that they engage more in fish handling,
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processing, packaging and storage because of the perception that outfield activities
of aquaculture are not easy to run, leading to their concentration in post-harvest

activities and the marketing sector.

The world human population continues to increase steadily and it is
predicted by experts to reach 9.6 billion come 2050, with Africa as a continent
expected to have faster growth rate than others (UNDESA, 2013). UNDESA in
2009 reported as well that about 1.4 billion people are living in poverty (< 1.25 US
dollars/day) of which 28% of are from Africa. Poverty is not just all attributed to
the lack of or low income, but the lack of access to good education, housing and
health care contribute to hunger and malnutrition. The demand for fishery products
by the teeming African population has resulted in capture fishery stocks currently
being in a fully exploited state, often seen as on the verge of collapse (FAO, 2012).
Problem of climate change and overfishing causes the declining trend of African
and other tropical capture fisheries (Worm and Branch 2012). Because of these
complications, aquaculture of finfish alone is not likely to be an adequate solution
to the limited availability of fishery products, and the development of a crab culture
industry in Africa can help substantially to solve these rising problems. Crabs are
among the mostly consumed and farmed shellfish after shrimps and prawns. In
Africa, the mud crab (Scylla serrata) is mostly seen as a candidate for large-scale
production to help compensate for the declining capture fisheries in order to meet

the ever-increasing market demand. Mud crab aquaculture in 2011 contributed
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about 0.2 million tons to the world total aquaculture production and over 8§89% of
this production is from China and south east Asia (Shelley, 2008; FAO, 2012). As
is the case everywhere, Africa faces the challenge of sourcing of seed animals,
coupled with high dependency on and limited availability of wild juveniles. This
has hindered the continuous expansion of crab aquaculture. Moreover, in southeast
Asia and China, mud crab hatcheries are being set up to address this issue within
the most recent decade (Quinitio et al., 2011) but that is not the case of Africa. FAO,
in recent years set up a hatchery in Cameroon but it failed to live up to the
expectation, possibly as a result of lack of trained personnel to manage the activities
in the hatchery. “Availability of juveniles from hatcheries reduces competition with
wild fishery, increase mud crab production per area, facilitates planning for
production by farmers and reduces the size difference of the seed stock as opposed
to when seeds are collected from the wild” (Shelley, 2008). However, the
procurement of seeds from the hatcheries is more expensive compared the
collection of wild seed because of technological requirements and initial
investment costs. Consequently, the dependence of crab farms on wild seeds in
Africa is almost certain to persist unless there is technological advancement,
investment by the governments and cooperative efforts toward hatchery

development.

46



Efforts to develop crab farming in Africa have been slowed by a number of
factors including the lack of knowledge of rearing techniques, poor extension
services, high rate of mortalities, lack of crablets and good quality seeds, lack of
good quality feed, etc. (David et al., 2014). There are no known hatchery facilities
and that are currently fully operational in Africa, but in south east Asia and China
there are a number of improved crab hatcheries meeting the need for seed supply
for crab farming in those areas (Mirera, 2011). The spread of this technology in
south east Asia and China is worthy of emulation, if the crab farming development
in Africa is to be reality. The initiatives developed in the past to help boost the
aquaculture of crab in Africa have failed to achieve sustainability, and the lack of
history of aquaculture, political instability, socioeconomic constraints and
inadequate technology have all contributed to the failure (Troell et al., 2011).
This is in contrast with east and southeast Asia where all these factors are well
managed and are in place, leading to dramatic increase in growth of crab farming
in the last decades (Jiang, 2010). There can be collaboration between developing
countries and countries that have been successful with crab farming to foster the
development in Africa. Countries such as China, Philippines, Vietnam, etc., are
industry leaders and their expertise could facilitate the development of crab farming
in Africa. Success in this discipline could help foster the development of
aquaculture in Africa generally. Inclusive research, training and workshops that

involves experts collaborating with the farmers is a good medium to improve their
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skills and further develop the industry (Lionberger and Gwin, 1991), and China in
particular has a history of this sort of technical relationship with developing

countries.

The development and success of crab farming as part of aquaculture in
Africa is possible just like that of catfish and tilapia. This could boom when the
problems and factors earlier mentioned are addressed because it is a known
profitable venture. Addressing these problems means that there should be proper
and good extension services, development of active hatcheries for the provision of
crablets all year round, inculcating knowledge of rearing techniques (crab
behaviour in captivities at all stage) in potential farmers, support and development
of private sectors by the government and the use of rearing techniques that will
reduce mortalities (David Oersted and Mirera 2014). Studies on crab mortality
revealed that mortality is lower in cultures relying on seeds from hatcheries than
the seed from the wild dependent farms (David Oersted and Mirera 2014). So, crab
farming, if developed and managed well could be a good source of livelihood,
welfare and a source of food (protein) to the rising population of Africa and other
developing countries, especially their poor communities and settlements
(Brummett and Williams, 2000). The ever-increasing pressure on fish and beef as
sources of protein will reduce as a result of availability of crab meat readily in the
market and to some length help solve the problems of malnutrition that has

devastated so many communities in African countries. Because Aquaculture
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promotes economic development through provision of employment and much
needed job opportunities (Bene 2005), developed crab farming as part of
aquaculture will contribute the job and wealth creations in Africa, thereby reducing
the problem of unemployment, poverty and wastage of manpower in the teeming
population. Aquaculture, has excellent foreign exchange potential and this potential
is attained through the export of processed and nutritionally rich crab meat and its
byproducts to international markets. Asia, Europe and the Americas are lovers of
crab meat and the production in large quantity here in Africa and exportation to
these places will promote international trade relationships of countries involved
and as well improve their foreign exchange earnings, thereby improving countries
economy directly (Megan et al., 2018) and indirectly through the purchase of
products such as feeds, tanks, chemicals, etc., used in the production processes.
The success of these allied industries is driven by the success and failure of the

aquaculture industry.
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1. Economic, Nutritional, and Medicinal Benefits of Crabs.
Many scientists and commercial fishers hold crab as an important creature. They
are considered as plastic animal because of its ability to withstand wide range of
environmental variation (Saroj, 2018). The availability of crabs couple with its
plastic nature, made researchers and biologists to always use it as biological model
(Reinecke, et al., 2003). Their ecological role in food web which is provision of
prey for both vertebrates and invertebrates, they feed on so many plant materials
which brew competition between them and herbivorous fishes together with other
small animals that feeds on vegetations. The capture of both small and large crabs,
keeping of the colorful ones in the aquarium shows its recreational and aesthetic
values. Crab been the most diverse crustacean that exists, with few of them known
to be poisonous, many of them are eaten by human in almost every parts of the
world (Saroj, 2018) and they serve as food to many organisms too. They add more
natural oils such as omega 3 fatty acids into diets and helps regulate cholesterol
levels because of the provision of white meats as opposed to red meats from beef
and other meat sources. Crabs are an important protein source which are sought
after and consumed in every parts of the world. The availability, reduces the
deficiency diseases of protein such as kwashiorkor. Saroj (2018), reported that true
brachyuran crabs which is the most important, valuable and edible of the British
and European coasts are being consumed and has being making waves

commercially since world war II. Moreover, in north America, the most consumed
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and commercially important crabs are the blue crab (Callinectes sapidus) and the
Dungeness crab (Cancer magister) (Zannatul et al., 2010). Scylla serrata, S.
tranquebarica, Portunus sanguinolentus, P. pelagicus, Podophthalamus vigil,
Charbdis feriata, C. lucifera, C. natator, C. granulata and C. truncata made up of
crab fishery in India and this sector is developing very fast because of the meat
delicacy and nutritional richness (Samuel et al., 2004). This as well contributes to
the development of the India aquaculture industry in general (Reddy and Reddy,
2006), provision of employment, food, income and improves the country’s
economy through the earning of foreign exchange. Aquaculture of crabs also
reduces the time spent on the sea by the fishermen looking for wild crabs. It gives
them ample free time to go after other economic activities that will give them extra
income. Scylla serrata (mud crab) is an important delicacy in Africa, especially in
east Africa (Kenya) but harvested mainly from the wild, aquaculture of this crab is
still underdeveloped. The aquaculture of crabs will help reduce seafood trade
deficit at a very low production cost because the importation of crab meats
especially from China and other south east Asia will be reduced and the local
production will offer fresher and cheaper seafood due reduced transport cost and

time.

Kashyap, (2017), opined that crab meat is energy giving source and as well a good
remedy for blood diseases. Cancer pagurus can be used to cure cough and cold and

its dried skin boiled with water is a remedy for joint and muscle pains (Bagde and
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Jain, 2016). Typhoid and cold can be cured using crab curry (Padghane et al., 2016).
Pahari ethnic group in Nepal uses crabs (Himalapotamon atkinsonianum) that are
roasted to stop children from bed wetting and another group called danuar eats
cooked crab to aid in healing of wound and cure of asthma as well (Lohani, 2016).
Scylla serrata, can be used to cure whooping cough, pneumonia, asthma, wounds,
boils, womb disorders, tuberculosis, earache, epilepsy and many more (Roy, 2014),
diabetes at old age (Chinlampianga, et al., 2013). So, aside the economic and
nutritional benefit of crabs, they have medicinal values and can be used to cure

several diseases such as the ones earlier mentioned.
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IV. DISCUSSION AND CONCLUSION

The motive behind this research was to review the culture and status of crab
globally and trying to figure out what the development of crab aquaculture will
contribute to aquaculture in Africa. From the research, it was understood that
culture and status of crab farming is affected by so many factors such as lack of
hatchery success, lack of reliable seedstock source, aggressive nature of the animal,
cannibalism, lack of broodstock nutrition, inadequate capitals, high cost of labour,
lack of technical know-how, diseases, pollution and poaching. These factors are
prominent both in fattening and grow-out systems and of which when addressed
can lead to further development of crab aquaculture and aquaculture in general.
Further development of the culture globally, especially in Africa can go a long way
in improving the total production of aquaculture products, provide employment
opportunities, improve food security and serve as an alternative to other protein

sources and finally improving the economy and economic development.
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