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ABSTRACT
This article examines the state of Catfish production in Nigeria and the roles technology has played over the past decades. Heightened
demand as a result of increased population puts considerable pressure on production. In response to this pressure aquaculturists
ramped up production activities, this demand-driven increase exposes the major gaps as the industry struggles to cope with the
absence of fundamental structures like inadequate structured funding, markets, processing and preservation facilities among others.
Such gaps exist in all aspects of aquaculture and technology is a viable plug for many of them. The aquaculture of developing nations
has certain peculiarities which predispose it to slow development. Many fishermen and aquaculturists in low-income regions are
trapped in economic systems that result in relative poverty. Many reasons have been put forward to explain the dynamics behind
these consequences with technology playing a major role from the consensus. Rapid advances in hatchery, water quality and molecular
technology have been identified as some of the active drivers of Catfish production in Nigeria. The article focuses on the history,
progress and prospects of aquaculture technology in Nigeria. It does so by reviewing the technologies already established in Catfish
farming and the impact of their roles in balancing fish demand and supply.
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The increase in population which naturally comes with the
increase in demand for cheap protein has necessitated the
need for diversified means of rearing fish and other aquatic
organisms as against relying wholly on the natural supply
from water bodies (Dauda et al., 2018). In a bid to save and
supplement the high demand on Nigerian waters as a result
of fish supply (Grema et al., 2011), aquaculture as seen in
other developed or developing countries of the world found
its way into the country. It is the maintenance of aquatic
organisms under a controlled environment and has the
potential of bridging the widened gap of fish supply in Nigeria
against its demand (Dauda et al., 2013). According to
Adewunmi et al., (2011), Nigeria is the largest consumer of
fish in Africa and a key consumer in the world at large with
an annual demand of 2.1 million metric tons per year. Due
to the complexity of the aquatic habitat, the enviable potential
of aquaculture (broadly aquatic flora and fauna) has become
uncertain. Adewunmi et al., (2011), reported that fish farming
in Nigeria alternately referred to as Catfish production,
serves as the major fish species cultured in the country and
is characterized by high resistance to diseases, high
acceptance and affordable. African catfish which is a
common name of the family Clariidae with Clarias gariepinus
as the most reared, is an important fish species cultured in
various regions of the world (Dauda et al., 2018). Nigeria
tops the list of producing countries followed by the
Netherlands, Brazil and others (FAO, 2016). However, the
successful development of artificial propagation protocols
in the 1980’s in Nigeria can be linked to the success of
African Catfish farming with substantial contribution to
aquaculture development in the rnid-1990s (FAO, 2016).
According to Ozigbo et al., (2014), factors mitigating catfish
production in Nigeria include impecunious management

skills, insufficient stock of good quality seed, shortage of
investment, high prices of feed, unreliable data collection,
as well as non-existent concern for environmental impact
and marketing of products.

Nwachukwu and Onuegbu (2007), firmly expressed their
belief that introducing technologies amongst others is the
way forward in developing aquaculture in Nigeria. The
various aspects of aquaculture can be advanced with the
introduction of the right technologies and ultimately make
them available for use by every fish farmer and
aquaculturists (Joshua and Omidiji, 2002). Many fishermen
and aquaculturists in low-income regions are trapped in
economic systems that result in relative poverty (Watanabe,
et al., 2001). Many reasons have been put forward to explain
the dynamics behind these consequences with technology
playing a major role from the consensus (Pollnac, 1985).
Though the technologies used have changed with locally
available resources and socioeconomic realities, there is
always room for upgrade. Advances from other industries
have been successfully copied and used to enhance
artisanal fishing and aquaculture (Walsh et al., 2002) which
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is especially true in developing nations with improvisation
being rather common. While recognizing that there are
myriads of problems faced by the small-scale fisherman and
aquaculturists in the third world countries like Nigeria, this
article will focus on the use of technology. There are no
universal answers in fisheries and aquaculture technologies,
as each community or unit should be studied individually to
determine the technologies that are applicable to its specific
conditions (Ben-Yami, 1984; Ben-Yami and Anderson, 1985).
For example, in some parts of Nigeria, fisheries and
aquaculture are predominantly run by men with the tools
and systems fashioned by men for men and this has
continued for many decades. This factor will be reflected in
type of technology used with regards to a bias due to gender
imbalance. Also, this study is important because 50% of
the 15 million artisanal fishermen fishing full time live and
work in the developing regions of the world and other 15
million fish processors who reside in the same region
(Compte, et al., 1984; National Research Council, 1988).
For the families of these millions and the many others whom
they serve, fish caught and reared by traditional methods
are their primary protein source (Poggie, 1980). Traditional
fisheries may be commercial or subsistence, but they each
have in common a small cash income (Yagi et al., 2008).
Fishing productivity in the artisanal sector is consequently
variable and low; many fishermen catch only one or two
tons of fish per year (Ward et al., 2002; McArthur and Sachs,
2002). Therefore, this study was carried out to review
technologies already established in advancing catfish
farming and the impact of their roles in balancing fish
demand and supply, as well as point out other technologies
that would propel active development in the catfish industry.

Methodology
This study was conceptualized and research carried out at
the Food and Agriculture Unit of the Pan African Research
Group (FAT-PARG) in April-July 2021. Relevant literature
was sourced online and offline from research repositories
like Google scholar, African Journals Online (AJOL),
Agricultural Research Communication Centre (ARCC) and
Federal University Gashua and FAT-PARG libraries
respectively. 209 online sources (research articles and
webpages) and 35 offline sources were accessed and further
narrowed to 115 of the most recent and relevant materials
which were examined in the preparation of this review.

History of technology use in Nigerian aquaculture
From the inception of agriculture centuries ago, man has
always been interested in fish farming as a source of food,
income and increasing productivity level over the years as
technology advanced (Wuyep and Rampedi, 2018). Nigerian
aquaculture used to be operated on a small scale but with
timely intervention in the advent of technology, aquaculture
has advanced to a commercialized system as seen today
in intensive fish farming (Akinola et al., 2006). In the recent
past decades, Nigerian aquaculture has made use of old-
fashioned means revolving around wetlands and coastal

plains of inland waters. In recent times however, with the
introduction of the cage culture system development in
aquaculture has focused more on the coastal region. In
Africa, aquaculture has numerous opportunities for large-
scale production with Nigeria being one of the top producers
and small-scale farmers who are involved in freshwater and
brackish cultivation are responsible for 80% of production.
This excludes mariculture and macro algae which have not
been fully explored because of the technical and financial
limitations that come with it. Cultures for fish were facilitated
by creating earthen ponds and tanks with dissolved salt less
than 0.5 parts per thousand salinity level. Tank cultivation
techniques which is capital intensive, are typically produced
from fibre glass, PVC plastic, concrete or treated wood
(Emmanuel et al., 2014).

Aside cultivation and management, aqua-tech has
scaled up fish sustainability in terms of preservation and
extending its shelf life for instance, fresh fish can now be
processed as desired without any significant loss of quality,
unlike in the past (Davies et al., 2008).  Smoking   used to
be the method employed in drying and preserving fish but
the primitive nature of traditional   processing which is devoid
of regulation, occasionally leads to under or over drying and
can increase their vulnerability to contaminants from the
wind, dust, dirt and flies in the environment (Bolaji, 2005).
Although this method is still predominant in Nigeria   because
of limited access to electricity, the burgeoning interest in
fish cultivation has harnessed and adopted the use of solar
power, freezing and salting for these purposes (Olokor,
1997). Nigerians are now informed on novel technological
practices in aquaculture and their benefits. Microbial
activities in fish are inhibited and the shelf life of it prolonged
through the emitting heat of the smoking or drying method
which reduces the moisture content present (Clucas and
Ward, 1996; Oyeleye, 2003; Amoo et al., 2007). After
smoking, sun-drying and even salting, several fish species
possess astounding preservation ‘qualities (Madu et al.,
1984). Eves and Brow (1993) further established that two
advantages of drying and smoking of fish are improved
protein digestibility and better nutritive value.

Trends and prospects of technology in aquaculture
Technology and its applications have always been a bridge
to a better future. Technologies used in aquaculture are not
an exception. Rapid development has been observed from
previous decades in aquaculture. An observed evolution has
been recorded from simple techniques to high technology
systems. Technology is now employed in aquaculture to
increase growth and production in order to meet consumer’s
demand which in turn has proven to shape the economics
of the sector by promoting good business (Lazard et al.,
2010; FAO, 2010). Genetic tools and many reproductive
techniques are now employed to combat the challenge faced
previously in aquaculture, resistant strains and stress
tolerance can now be infused into fishes which have
prevented many diseases and increased the sustainability
of aquaculture species in productivity, growth, food
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processing and economy (Renault, 2009). Aquaculture
proposes boundless possibilities for technical improvement
(Waite et al., 2014). Over the past 50 years, the aquaculture
sector has experienced growth as a result of technological
developments in breeding methods and production,
reproductive control, selection of strain and species, nutrition
technology and feeds, vaccines, automated aeration, water
exchange as well as non-technological inventions
comprising market certification standards, advanced
supervisory structures amongst others (Kumar and Engle,
2016; Joffre et al., 2017). Current studies point out that
investments in novel inventions, management methods and
new products, give rise to significant benefits both to the
producers as well as the consumers (Kumar and Engle,
2016). Production processes in aquaculture have become
improved (Asche et al., 2005). Advances in technology have
created opportunity for fresh management practices,
therefore snowballing production in aquaculture from the
perspective of labour, output per unit land and water. This
increase has correspondingly reduced production costs and
amplified market competition (Barazi-Yeroulanos, 2010).
Some of the trends and prospects of technology in
aquaculture are discussed in this article.

Aquaculture reproduction
Advances have been made to enhance certain aspects of
the fish life cycle in fish reproduction. Through hatchery
technology, juveniles can be produced in any season and
can be selectively bred to boost growth and disease
resistance. The technology of selective breeding has birthed
salmon breeding companies to aid selection making use of
quantitative trait loci (QTL) and genotyping, leading to
introduction of strains that are highly resistant to infectious
pancreatic necrosis (lPN), a viral disease that previously
ravaged produce (Houston et al., 2010). Biotechnology and
genetics play a large role in increasing the productivity of
the ecosystem and enhancing its sustainability. Identification
and conservation of aquatic biodiversity is now possible with
recent innovated technologies in aquaculture. Transgenic
technology is a major highlight of innovation which has been
useful in reproduction, an example is the transgenic shrimp
which was bred (Mialhe et al.,1995) and has been improved
in recent times. Transgenic technology is useful in
enhancement of growth rates, market size, feed conversion,
disease resistance, improvement of stress tolerance against
extreme environmental conditions and solving sterility
issues. In order to aid identification of genes that are salient
biomarkers for disease vulnerability, growth, as well as sex
determining factors, genetic markers such as short unique
genetic codes have been developed (Kocher et al., 1998).
Through these markers, genetic upgrade and improvements
of Catfish, Salmon, Tilapia and other cultured fish species
are induced. These novel techniques have helped farmers
to overcome the drawbacks of some traditional techniques
which reduced production estimates. Different projects are
being carried out by research institutions to examine and
further understand the genetic sequence of some species.

A typical example is the Genetically Improved Farmed Tilapia
(GIFT) program.

Feed technology
One of the most challenging issues faced in aquaculture is
the cost of aqua-feeds proteins especially fishmeal (Forster,
2008; Naylor et al., 2000). Although fishmeal has a high
protein content, the cost and availability is a challenge
making it necessary to find substitutes and supplement with
plant proteins. This is where technology comes into play as
biotechnology provides the means to develop a suitable
alternative to fish meal, enhancing production and
processing techniques by using plant protein (Mendoza
et al., 2001). However, the use of plant seeds and leaves
as protein supplements poses certain problems for mollusks
and finfish due to the presence of anti-nutritional factors
(Papatryphon and Soares, 2001; Vielma et al., 2000).
Nutrition in aquaculture has been enriched as there are new
formulas for diets. Diets can now be fully formulated which
in turn is expediting the escalation and emergence of notable
industries such as catfish, tilapia, shrimp salmon, sea bream,
sea bass and trout (FAO, 2010). Now, different companies
have their respective feed formulas to match specific needs
of production systems and final markets. A company may
employ the use of one or more type(s) of technology
depending on their target economic scale. For example, a
company can engage procedures such as coated vacuums
and sealed pellets solely to protect as well as increase the
lipid content which supports a much higher and efficient
conversion of fishmeal to aquaculture produce at a lower
production cost (Refstie and Asgard, 2009).

Disease management
Fish health has been greatly improved by technology. The
disease conditions and death rates have been lowered when
compared with previous decades (Pulkkinen et al., 20l0).
Vaccines have been developed against viral, fungal and
bacterial diseases. To initiate immune responses majority
of these vaccines were founded on adjuvants of mineral oil
and lifeless/metamorphosed cells. This can be seen in the
FAO (2010) report where it was recorded that the total death
proportion in the Scottish Salmon industry (Scotland) dropped
from 38% in 1997 to 12% in 2000 with a further decline very
recently as a result of sophisticated technological
advancements. The quest to find the perfect vaccine started
a few decades ago and now molecular tools and technology
have progressed in mitigating treatment resistance to some
diseases such as sea lice in Atlantic salmon (Alvarez-Pellitero,
2008; OlE, 2001). Recent investigations have concentrated
on vaccines contrary to virus-related infections by means of
other innovative technology such as peptides, RNA and DNA
(Costello, 2009).

There are records of emerging diseases that have
affected aquaculture because the traditional approaches
towards disease control are no longer effective as a result
of the wide range of novel pathogens. Application of
molecular techniques for pathogen screening, identification
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and isolation is considered as one of the best solutions to
this challenge as these molecular techniques not only
contribute the disease control but also provide significant
information about the developmental process of diseases,
potential control, prevention and treatment of diseases like
DNA vaccines. Various DNA or RNA based probes have
great potential for easy and timely recognition of infections
and detection of their carriers. Cultured and wild species
alike have benefitted from nucleic acid-based probe
advances in the preventive management and control of
disease. These probes have been successful in the selection
of shrimp brood stock and breaking infection cycles, due to
accidental spread of virus-related pathogens of brood stock
to emerging progenies.  Two viable accessible molecular
investigations are IHHNV and type-A baculo virus in shrimp
aquaculture (Durand et al., 1996), but in case of some other
viral pathogens like SEMBV, MBV, TSV, HPV and YHV,
availability of commercial probes is still under development.
Two major advantages of using microbial probes are that;
they are extremely sensitive and highly specific which made
their use more suitable over non-molecular techniques
(Walker and Subasinghe, 2000). Because of their high
sensitivity and specificity, they can easily detect microbial
infections in advance and can provide more accurate and
rapid identification of pathogens respectively.

The wide-spread application of these molecular
techniques has helped to reduce dependency on
prophylactic treatment and active use of antibiotics for the
purpose of disease control. So, their application helped to
achieve better intervention of disease management and
reduced cost or control. For many fish species, in-vitro tissue
culture is available and biotechnological methods are not
only useful in pathogen screening but also have other
applications for estimations of various health parameters,
including phagocytic functions, haematocrits, myeloperoxidase
activity, leucocytes and oxidative radical (FAO and NACA,
2001; OIE, 2000; Groff and La Patra, 2000; Chi et al., 1999).

Overall system improvements
Most early aquaculture practices were reliant on fishponds
or creeks. Recent trends are not limited to floating
enclosures in exposed aquatic bodies (Fredheim and
Langan, 2009). Cage culture is now widely practiced. Some
of the prominent designs utilize high-density polyethylene
pipes also known as HDPE which were initially made for
gas production businesses. In addition to specialized HDPE
mouldings, most of the trending cage nets in aquaculture
make use of nets from knotless nylon. Nonetheless, newer
materials are also being used e.g. (UHMwPE) Ultra-High
Molecular weight Poly-Ethylene.

The production of special service vessels like catamaran
work boats and well boats are due to advancement in
technology, in addition to fish pumps, as well as counting
and sorting arrangements has greatly reduced labour
requirements thereby enabling huge sections to be
proficiently stocked (Forster, 2008). Computerized feed

conveying structures with moving feed storage containers
are changing into full-service programs with provision of
accommodation for employees as well as innovative
communication and monitoring schemes. The likelihood of
aquaculture being conducted close to market and with
minimal environmental discharge is offered by the
recirculatory aquaculture systems (RAS). Technology has
proffered solutions to natural predators of aquaculture
stocks. Improved technological solutions such as the use
of scares and protective barriers are now implemented
compared to the archaic destructive means   like guns to
shoot birds (Muir, 2005; Quick et al., 2004). Overtime, it has
been argued that harmful therapeutic substances are
discharged into the environmental waters (Burridge et al.,
2010). Enhanced research laboratory discovery techniques
have stimulated better evaluation as well as proper check
in this capacity (Peeler et al., 2007).

Management roles in the aquaculture sector have been
made easy. At the sector and company level, the eminence
and appropriateness of information at the disposal of workers
is very important for effective managerial playout of which
potent apparatuses needed for support are being provided
by Internet of Things (lOT). Geographic Information Systems
(GIS) have been able to establish a format for analyzing
and displaying a varied range of data using spatial features
for planning and regulatory functions as well as for collation
and visualization (Ross et al., 2009). ICT has also been
identified as a key player in recent market chains. Key
supermarkets entail more and more refined market
representations to aid the predictive request aimed at
specific goods that integrate explicit short-range variables
such as campaigns on standby items with probable capacity
for increasing or decreasing consumption of perishable
goods (Taylor and Fearne, 2009). The information is then
transferred in form of frontward orders to the supply chain
which are habitually fewer than 24 hours preceding delivery.
Therefore, in order to respond correctly, astounding
scheduling and logistic information technology is absolutely
necessary for producers. In the case of a large salmon
company, for instance, which involves assessment of which
sites and cages should be harvested to provide the required
product, the selection and mobilization of the appropriate
processing plant and all the   intermediate transport logistics
can only be done effectively via technology. Food and feed
hint tools are also made available by the ICT systems
(Bostock, 2009). McGinnity et al., (2003) revealed that in
some ways genetic introgression may possibly result to
decreased lifetime aptness and contribute to the
deterioration of stocks in Atlantic salmon. Conversely,
tangible effects are expected to be swayed by the quantity
and rate of recurrence of escapes, extensive characteristics
of the setting and indigenous stocks. To keep track of future
modifications as well as probe populations where such
occurrences have been previously identified, genetic marker
analysis plays an important role (Glover et al., 2009). Certain
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situations have instigated proposals that require aquaculture
to make use of triploid stock that are sterile or alternatively
formulate strains incapable of reproducing in the wild (Wong
and Van Eenennaam, 2008). Although the ecological impacts
of such proposals are debatable, the reasoning and
technology behind it is laudable.

Biotechnological tools
Biotechnological studies are the only way that implementation
and understanding of gene regulation and expression can
be possible (Davies, 2005; Agresti et al., 2000; Alcivar-
Warren, 2001). In the same vein, exploring biotechnological
tools for improved cryopreservation of gametes and
embryos, transgenic manipulations have yielded many
benefits.

Bioremediation
An alternative approach which seems promising is
bioremediation. This allows the use of various aquatic
organisms and macro-organisms to degrade harmful waste
to a harmless level that is in most cases beneficial to the
environment (Rao and Sudha, 1996).

Various enhancement technologies related to aquaculture
Another new and enhanced technology relating to aquaculture
is sea-ranching technology (it is a technology where
production of juveniles occurred in the hatcheries, but they
are released to the sea to grow), pen cages and aquapods.

Other emerging and modified production systems like
biofloc and aquaponics have also promoted Catfish farming
in no small way within the last decade. These are technologies
that strive to reduce fish feed use rather conditioning the fish
to feed on algae and recycle fish waste to grow plants rather
than disposing wastewater into the environment causing
pollution respectively (Ogah et al., 2020a). Although many
farmers did not adopt these technologies swiftly dues to
insufficient technical knowledge and finance, they are
becoming widespread lately (Ogah et al., 2020b).

CONCLUSION
This myriad of technologies discussed have improved the
practice of Nigerian fisheries and aquaculture in no small
way. As the world moves towards more sustainable means
of production, more attention would be placed on balancing
production with environmental care. Mass production also
comes with certain health risks, as continuous consumption
of processed food is frowned upon in some medical
quarters. The debate on the use of GMO’s for enhancing
food security especially in developing countries like Nigeria
and areas hit by war, famine or natural disasters is likely
to continue. Nigerians would have to decide how fast the
next wave of technological advances can sweep through
as it is a viable market for more developed nations to
dispose such products. However the pendulum swings,
history will remember Nigeria as a fast adopter and a ready
market for novel technologies.
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