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Protocol
The Vice-Chancellor,
Deputy Vice-Chancellor (Academic),
Deputy Vice-Chancellor (Development),
The Registrar,
Other Principal Officers of the University,
Deans, Directors and Heads of Departments,
My Lords Spiritual and Temporal,
Distinguished Guests and Friends of the University,
Ladies and Gentlemen of the Press, 
Distinguished Ladies and Gentlemen,
Great FUTARIANS.

1.0. PREAMBLE 
Mr. Vice-chancellor Sir, as many other stories that have been told 
during Inaugural Lectures, it was my ambition to study Medicine, But 
God who knows everything, called me to give people fish instead of 
drugs because fish is better than drugs. This is because a healthy 
person can take fish, and a sick person can still take fish, but a healthy 
person cannot take drugs, otherwise it becomes drug abuse, but there 
is no fish abuse. No wonder, Jesus fed his followers with fish, (Mark 
8: 30-44; Luke 9: 10-17; John 6: 1-14 and Matthew 14: 13-21).  
Mr. Vice-chancellor Sir, I give God all the honour and glory for 

th making it possible for me to present the 127 Inaugural lecture of the 
Federal University of Technology Akure. Firstly, I want to appreciate 
the efforts of my colleagues in the Department. In 1987, Prof. T.A. 

rdAfolayan (late) presented the 3  Inaugural lecture titled: Man's 
Inhumanity to Nature: The over exploitation of wildlife resources) In 

th1998, Prof A.M. Balogun presented the 14  inaugural lecture titled: 
The Sanctity of Fish as Food). In 2002, Prof. O.A. Fagbenro 

ndpresented the 32  inaugural lecture titled: Tilapia: Fish for Thought), 
thProf. E. A Fasakin in 2008, presented the 48  inaugural lecture titled: 

Fish as Food, Yesterday, Today and Forever. In March 2019, Prof O.T 
thAdebayo presented the 105  inaugural lecture titled: Aquaculture: A 

catalyst for sustainable fish production). In February 2021, Prof. A.A. 
stDada presented the 121  inaugural lecture titled: Ethnobotanicals in 

Aquaculture: How Veritable is Fish Security. In April 2021, Prof. 
thO.O. Bello-Olusoji presented the 124  inaugural lecture titled: 
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Balance Equation: The missing Value Shellfish). All these 
presentations concentrated on fish production and consumption with 
little or no emphasis on the environment where the fish is produced. 
Therefore, I want to bridge this gap by presenting on the title, 
Nutritional Concepts and Fisheries Production in Sick Waters.  

1.1.  INTRODUCTION 
1.2. WA T E R  S Y S T E M S  I N  F I S H E R I E S 

PRODUCTION
The Oxford English Dictionary does not have a plural for water. 
Water is water. But in fisheries production, there are three types of 
waters including, the fresh water, brackish water and marine.  The 
difference between the three types of waters is salinity. Salinity is the 
salt concentration in water, mainly expressed in Parts per thousand 
(PPT) or mg/g. Salinity of Fresh water is less than 1, that of Brackish 
water is between 0.5 and 30 PPT while that of the marine is 35ppt. 
These salinity levels also determine the existence and distribution of 
organisms in the different water habitats.

1.3.  FISHERIES PRODUCTION
Fisheries production means production of fish in the wild or 
aquaculture for commercial or recreational values. 

1.4.  SICK WATERS
For the purpose of this Lecture, I want to define Sick Waters as any 
water body that contains contaminants/pollutants (excess salinity, 
heavy metals, crude oil, palm oil, chemicals, other hydrocarbons) or 
excessive feed nutrients that alters the physico-chemical composition 
of the water body drastically above/below the normal values to the 
extent that would compromise growth and physiological functions of 
the fish and consequently lead to death of fish and aquatic organisms.
Mr. VC Sir, this is why there is a lot of agitations in the Niger Delta 
areas of Nigeria where crude oil pollution has sickened the water and 
caused the death of fishes and loss of means of livelihood for the 
people that depend mainly on fishing/aquatic resources for 
livelihood. Therefore, the presentation will examine some nutritional 
concepts and what is the standard/healthy water quality for fisheries 
production vis-vis what is sick waters and proffer possible preventive 
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measures to forestall fisheries production in sick waters.

1.5. RELEVANCE OF FISH IN HUMAN DEVELOPMENT
1. Fish contributes to average capital animal protein intake for 3 

billion people in the world
2. It is especially critical for rural population which often have 

less diets and lower food security (Thomson and Amoroso, 
2014). 

3. Fish and fish products are excellent sources of highly quality 
protein in nutrition

4. Bioavailability of protein from fish is approximately 5-15% 
higher than from plant sources

5. Fish contains several amino-acids essential for human health, 
including lysine and methionine

6. Many fish (especially fatty ones) are a source of long-chain 
omega – 3 fatty acids, that contribute to visual and cognitive 
human development, especially during the first 1000 days of 
child's life (Ross, 2016)

7.  Fish provides essential minerals such as Ca, P, Z, Fe, Se and 
iodine, as well as vitamins A, D and B, thus helping to reduce 
the risk of both malnutrition and non-communicable diseases 
which may occur when high energy intake is combined with a 
lack of balanced nutrition ((Allison, Delaporte and 
Hellebrandts de Silva, 2013)

8. Also, nutritional content is especially high in small fish 
species consumed whole and in fish parts that are not usually 
consumed (such as heads, bones and skin) (HLPE, 2014) 
which paradoxically have lower economic value.  

The Items in number 1-8, clearly show that everything one needs to 
grow, mature and reproduce is contained in fish. No wonder my 
senior colleagues Balogun (1998) discussed about the sanctity of fish 
as food, while Fasakin (2008) recommended eating fish forever.

1.6.  CONTRIBUTION OF FISHERIES TO WORLD 
EMPLOYMENT

Fisheries contributes greatly to employment creation, rural 
development, food security and improvement in the health of people. 
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According to FAO (2018) fisheries employ a total of 59.6 million 
people in 2016, (Table 1) with capture fisheries employing 40.3 
million people while aquaculture employed 19.3 million people. 
Interpretation of table 1, reveals that within the same period under 
review, Africa employed 5.7 million people, Asia 50.5 million 
people, Europe < 500 thousand people while North America 
employed 218, 000 people. The figures simply mean that Asia and the 
developing countries depend more on the fisheries sources for their 
employment. This may be an index of unemployment situations in the 
countries; indicating that Asia and Africa have more employment 
problems than the Western world.

Table 1. World emplo yment provision for Fishers and Fish farmers by Regions 
(thousands)

 

Region

   

1995

 

2000

 

2005

 

2010

 

2015

 

2016

 

Africa

 

2392

 

4175

 

4430

 

5027

 

5992

 

5671

 

Asia

 

31296

 

39646

 

43926

 

49345

 

50606

 

50468

 

Europe

 

530

 

779

 

705

 

662

 

455

 

445

 

Latin America/Carribean

 

1503

 

1774

 

1907

 

2185

 

2482

 

2466

 

North America

 

382

 

346

 

329

 

324

 

220

 

218

 

Oceania

   

121

 

126

 

122

 

124

 

343

 

342

 

Total

   

3622

 

46845

 

51418

 

57667

 

60098

 

59609

 

Fisheries

               

Africa

 

2327

 

4084

 

4290

 

4796

 

5687

 

5367

 

Asia

 

23534

 

27435

 

29296

 

31430

 

32078

 

31990

 

Europe

 

474

 

676

 

614

 

560

 

367

 

354

 

Latin America/Carribean

 

1348

 

1560

 

1668

 

1937

 

2104

 

2085

 

North America

 

376

 

340

 

319

 

315

 

211

 

209

 

Oceania

   

117

 

121

 

117

 

119

 

334

 

334

 

Total Fishers

   

28176

 

34216

 

36309

 

39157

 

40781

 

40339

 

Aquaculture

               

Africa

 

65

 

91

 

140

 

231

 

305

 

304

 

Asia

 

7762

 

12211

 

14630

 

17915

 

18528

 

18478

 

Europe

 

56

 

103

 

91

 

102

 

88

 

91

 

Latin America/Carribean

 

155

 

214

 

239

 

248

 

378

 

381

 

North America

 

6

 

6

 

10

 

9

 

9

 

9

 

Oceania

   
4

 
5

 
5

 
5

 
9

 
8

 

Total Fish Farmers
   

8049
 

12632
 

15115
 

18512
 

19316
 

19271
 

Source: FAO 2018 
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1.7.  NIGERIA'S FISHERIES PRODUCTION POTENTIAL
Nigeria has vast land and water resources that can produce enough 
fish for the citizenry and even for exportation (Table 2). Based on 
these available resources, Omitogun and Orisasona (2017) reported 
estimated aquaculture potential of over 4 million MT annually. Still 
with all these natural resources complemented with abundance 
human resources, her fisheries production is very low when 
juxtaposed against the demand by the citizens. According to the 
Central Bank of Nigeria (CBN), (2018), the domestic fish demand 
in Nigeria was about 2.7 million metric tonnes (MT), while the 
domestic supply was 0.8 MT, leaving a deficit of 1.99MT.  Hence, 
Nigeria imported about 900,000 MT of fish (Oladimeji, 2017) 
valued at US$ 1.13 billion (FDFA, 2018) to augment the domestic 
supply. Okunola (2019) reported that Nigeria's per capita fish 
consumption is 11kg, which is significantly lower than the global 
average of 21kg and just less than the estimate of 13.5kg for Cote 
d'Ivoire. Definitely, something is wrong somewhere with the 
Nigerian situation. 

 

Table 2.

  

General Geographic and Economic Data of Nigeria

 

    

Source

 

Continental Shelf

 

216325km2

 

Sea around us: 
http://www.seaaroundus.org/

 

Length of continental shelf

 

853 km

 

World by Map: 
http://world.bymap.org/Coastlines.html 

 

Fisheries GDP (2015) 

 

0.5% GDP

 

UNSD/FAO

 

Country area

 

923 770km2

 

FAOSTAT. Official data, 2013

 

Land area

 

910 770km2

 

FAOSTAT, 2013

 

Inland water area

 

13 000km2

 

Computed. Calculated, 2013

 

Population -

 

Est. & Proj

 

193.976millions

 

FAOSTAT. Offic ial data, 2018

 

Exclusive Economic Zone (EEZ) 

 
  

Area

 
179 839km2

 
VLIZ

 

GDP (current US$)
 

397 270millions
 

World
 

Bank.
 

2018
 

World Bank. 2018 2 028  World  Bank.  2018  

Source: FAO 2018 
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1.8  STATUS OF WORLD FISHERIES PRODUCTION
In the years 2011 to 2016, (Table 3) the total world capture fisheries 
production was 547.1 million Metric tons (MT) with inland fisheries 
contributing 67.4 MMT while the marine fisheries contributed 479.7 
MMT (FAO 2018). Within the same period, total aquaculture 
production was 423.3 MMT with inland aquaculture contributing 
272.3 MMT while marine contributed 155.8 MMT. Also, in the period 
under review, human population was 7.0 to 7.4 billion while the per 
capita apparent consumption (kg) roamed around 18.5 and 20.3, still 
showing increase. 

Table 3. World Fisheries and Aquaculture Production and Utitilization (Million 
tonnes)a

 

Category

   

2011

 

2012

 

2013

 

2014

 

2015

 

2016

 

PRODUCTION

 

CAPTURE

               

Inland

 

10.7

 

11.2

 

11.2

 

11.3

 

11.4

 

11.6

 

Marine

 

81.5

 

78.4

 

79.4

 

79.9

 

81.2

 

79.3

 

Total capture

   

92.2

 

89.5

 

90.6

 

91.2

 

92.7

 

90.9

 

Aquaculture

               

Inland

 

38.6

 

42

 

44.8

 

46.9

 

48.6

 

51.4

 

Marine

 

23.2

 

24.4

 

25.4

 

26.6

 

27.5

 

28.7

 

Total Aquacult ure

   

61.8

 

66.4

 

70.2

 

73.7

 

76.1

 

80

 

Total World 
Fisheries/Utilizationb

 

Human consumption

 

130

 

136.4

 

140.1

 

144.8

 

148.4

 

151.2

 

Non-food users

 

24

 

19.6

 

20.6

 

20

 

20.3

 

19.7

 

Population (billions)c

 

7

 

7.1

 

7.2

 

7.3

 

7.3

 

7.4

 

Per capita apparent 

 

consumption (kg)

   

18.5

 

19.2

 

19.5

 

19.9

 

20.2

 

20.3

 

a Excludes aquatic mammals, crocodiles, alligators/caimana, seeweeds/aquatic plants. 

 

b Utilization data for 2014-2016 (estimates)

 

c Source of production figure: UN, 2015e

 

Source: FAO 2018 
 

8



1.9  AQUACULTURE FOOD FISH PRODUCTION BY 
REGIONS

The trend of aquaculture food fish production by regions is presented 
in table 4 and Figs.1 and 2. The table and figures show that Asia is the 
leading producer of aquaculture food fish, with China having the 
highest production per countries. But I want take Nigeria and Egypt as 
a case study.
In the 80's and early 90's, aquaculture production in Nigeria and Egypt 
was almost at the same level. But between 1995 and 2016, aquaculture 
production in Egypt tripled that of Nigeria despite the abundant land 
and water resources in Nigeria. Observations on the aquaculture 
facilities and fish species cultured in Egypt and Nigeria provided a 
kind of insight into where and how Egypt is getting it better than 
Nigeria. According to Soliman and Yacout (2016) commercial 
aquaculture in Egypt takes place in ponds, cages, concrete tanks, 
recirculatory systems and plastic ponds, whereas in Nigeria main 
commercial aquaculture takes place in earthen ponds (Table 5). 
Similarly, in Egypt, there are eight fish species cultivated under the 
commercial aquaculture systems namely, Tilapia, Common carp, 
Mullet, European Sea bass, Sea bream, Shrimps, Meager and African 
catfish. Comparatively, in Nigeria, the major aquaculture species is 
the African catfish (Table 6). Tables 5 and 6 show clearly that Egypt is 
better prepared and equipped for aquaculture production than Nigeria. 
This is also a wake-up call for Nigeria.

Table 4. Aquaculture Food Fish Production by Region and Selected Major

 

Producers

 

  

(thousand tonnes)

         

Region/Selected Countries

 

1995

 

2000

 

2005

 

2010

 

2015

 

2016

 

Africa

 

110

 

400

 

646

 

1286

 

1772

 

1982

 

Egypt

 

72

 

340

 

540

 

920

 

1175

 

1371

 

North Africa

 

4

 

5

 

7

 

10

 

21

 

23

 

Nigeria

 

17

 

26

 

56

 

201

 

317

 

307

 

Americas

 

920

 

1423

 

2177

 

2514

 

3274

 

3348

 

Chile

 

157

 

392

 

724

 

701

 

1046

 

1035

 

North America

 

479

 

585

 

669

 

659

 

613

 

645

 

Asia

 

21678

 

28423

 

39188

 

52452

 

67881

 

71546

 

China

 

15856

 

21522

 

28121

 

36734

 

47053

 

49244

 

India

 

1659

 

1943

 

2967

 

3786

 

5260

 

5700

 

Indonesia

 
641

 
789

 
1197

 
2305

 
4343

 
4950

 

Viet Nam
 

381
 

499
 

1437
 

2683
 

3438
 
3625

 

Bangladesh 317 657 882  1309  2060  2204  
Europe 1581 2051 2135  2523  2941  2945  
Norway

 
278

 
491

 
662

 
1020

 
1381

 
1326

 Oceania

   
94

 
122

 
152

 
187

 
186

 
210

 Source: FAO 2018
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Fig. 1. Aquaculture Food Fish Production by 
Regions (thousand tonnes) (FAO, 2018)
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FIG. 2. AQUACULTURE PRODUCTION BY 
NIGERIA AND EGYPT FROM 1995 - 2016

 

(THOUSAND TONNES, FAO 2018)
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Table 5 . A quaculture production facilities in  Egypt and N igeria 

Egypt N igeria 

Earthen ponds Earthen ponds 

C ages 
 C oncrete tanks 
 R ecirculatory system s 
 P lastic ponds 
     

 

Table 6. C om m ercial A quaculture fish species by Egypt and N igeria 

Egypt N igeria 

T ilapia non-com m ercial 

C omm on carp non-com m ercial 

M ullets 
 European Sea bass 
 Sea bream 
 Shrim ps non-com m ercial 

M eager 
 A frican catfish A frican catfish 

 

2.0 CAUSES OF SICK WATERS AND CONSEQUENCES ON 

FISHERIES PRODUCTION
Sick waters are caused by the presence of heavy metals, feed 
additives, pesticides, dyes, phytoplankton toxins, oils, surfactants, 
pesticides and hydrocarbons in the water. The typical effect of sick 
water on fisheries production is shown in (Fig. 3)
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  Fig. 3. Fisheries production in sick water (effect as massive fish kills)  

2.1.  OILS AND PRODUCTS
Oils and oil refined products impact the water and make it sick 
because they coat the surface of the water, not allowing oxygen 
dissolution therefore organisms die of suffocation particularly in the 
areas of high temperature. Enujiugha and Nwanna (2004) described 
the effect of crude oil concentration in the water environment; and 
established measures to avoid aquatic oil pollution. High temperature 
causes rapid decomposition of organic matters using up the 
remaining oxygen in the water, thereby causing dissolved oxygen 
deficit, and stressing the aquatic animals to the point of suffocation 
and death as the gills and respiratory organs of the fish are usually 
affected. These oil products are introduced into the aquatic habitats 
by anthropogenic activities especially in accidents during oil 
handling and transportation and equipment failures. Generally lighter 
oil fractions like kerosene, petrol, benzene, toluene and xylene are 
much more toxic to fish than the heavy paraffins and tars. The clinical 
symptoms include increased respiratory rate, loss of balance, loss of 
response to stimuli, reduced activity, shallow respiratory movements 
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and ultimately death. Effect of oil spillage in water is massive kills of 
fish and other aquatic organisms (Fig. 4).

Fig.4.

 

Oil spillage makes water sick and results in massive fish kills

 

2.2.  PHYTOPLANKTON TOXINS
Phosphorus is needed for good aquatic production, but in excess, it 
causes eutrophication of the water body and algal bloom. This bloom 
makes the water sick by raising the pH to sick and unacceptable level, 
and the collapse of the bloom and consequent decomposition together 
with other decaying organic matters can cause dissolved oxygen 
deficit leading to suffocation and death. Some blue green algae of the 
genera (Microcytis, Aphanizomenon, Anabaena) also produce toxins 
that are poisonous to man. These blue green algae toxins increase 
thiaminase activity and reduce thiamine content in organs and tissues 
leading to a vitamin B1 deficiency. The clinical symptoms include 
damage to central nervous system, increased activity and respiration, 
followed by uncoordinated movements, and finally the fish lie flat on 
the bottom and die (FAO 2005). Example of the effect of harmful algal 
bloom is presented in (Fig.5)
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Fig.5.

  

Harmful algal bloom (effect of fisheries production in sick waters)

 

2.3.  EXCESS FEED ADDITIVES/CONTAMINANTS MAKE 
FISHERIES WATER SICK
Feed additives are materials or nutrients supplemented to the fish feed 
to improve growth, reproduction and immune systems of the fish. 
Some of the additives are also used to create environmentally friendly 
fish production. For instance, the use of excess antibiotics makes the 
water for fisheries production sick, (Biao and Kain 2007) and the 
residual effects make people that consume fish from such water sick 
too. 
Vitamins are often added to artificial feeds, particularly in marine fish 
farming to improve growth and immune systems of the fish. For 
example, vitamins C and E are used in shrimp farming to reduce 
malformations of the carapace or disorders of the gills and to enhance 
disease resistance (Gräslund and Bengtsson 2001). But some vitamins 
such as biotin and vitamin B12 have been shown to stimulate growth 
of some phytoplankton species, like. (Gymnodinium aureoles, 
Heterosigma akashiwo and Chrysochromulina polylepis) that makes 
the water to be sick (Gowen and Bradbury 1987; Wu 1995). 
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 Similarly, the plant feed ingredients used in fish nutrition contain P in 
the form of phytic acid which is not digestible by fishes, therefore 
excess P is leached into the water where it causes eutrophication and 
makes the water sick. Additionally, amino acids are added to fish feeds 
to improve nutrient digestibility, absorption and growth and 
wellbeing of fishes. However, excess dietary amino acids leach into 
the culture water and make the water sick (amino acid toxicity). Also 
feed contaminants may contain poison that could make the water sick 
and result in negative production value like reduction in fish weight 
and fish conversion ratios. For instance, Hooft et al, (2011) showed 
how maize contaminated with a poison, deoxynivalenol negatively 
affected the fish weight gain and feed conversion ratio of rainbow 
trout in culture systems (Figs. 6 and 7).

 

           Fig. 6: Weight gain of rainbow trout fed dietary maize  contaminated with           

                       deoxynivalenol  
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Fig. 7: Feed conversion ratio of rainbow trout fed diet ary maize 

contaminated  with deoxynivalenol    

In intensive aquaculture/recirculatory systems, the break-down of 
excess feed nutrients and faecal matters leads to increased microbial 
loads, ammonia nitrogen, nitrite and nitrates that make the water sick 
(Steinberg, Zimmerman, Stiller, Nwanna, Meyer and Schulz, 2018). 
High concentration of ammonia causes increase in pH and ammonia 
concentration in blood of fish which can damage the gills, the red 
blood cells, affect osmoregulation, reduce oxygen-carrying capacity 
of the blood and increase the oxygen demand of tissues. Similarly, 
high nitrite concentration causes hypoxia, due to deactivation of 
haemoglobin in fish blood to methaemoglobin, a condition called 
brown blood disease (Lawson 1995). Normal waters for fish 
production are described in Tables 7, 8, 9, while the quality of waters 
undesirable for fisheries production are presented in Tables 10 and 11. 
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Table 7. Heavy metals and inorganic compound s of healthy water for fish production (mg/l)  

Mercury  0.003 - 0.002  
Lead  0.004 - 0.008  

Copper  0.001 - 0.01 

Cadmium  0.0002 - 0.001  
Nickel  0.1 - 0.3 

Chlorine  0.05 -0.3 (active chlorine)  
Cyanides  0.002 - 0.02 

Phenols  0.001 - 0.004  
Polychlorinated biphenyls  (PCP s) 1.10 -6 - 5.10 -6 

Source Boyd (2010)  
  

Table 8. Physico-chemical composition of healthy water  for fisheries production (mg/l)  
pH

 
6.0-9.0

 
TDS

 
< 500 (Piper et al 1982)

 
TP

 

0.01 -

 

3.0 (Piper et al 1982)

 DO

 

=5.0 (ISCAR 2007)

 COD

 

< 50 (ICAR 2007)

 
BOD

 

3 -

 

20 (Boyd, 2003)

 
Source Boyd (2010)

 

 

 

Table 9. Pesticides compound composition  of healthy water for fisheries production (mg/l)  

Aldrin  0.003 

BHC 0.08 - 4.0 

Chlordane  0.004 - 0.01 

DDT 0.001 

Dieldrin  0.002 - 0.003 

Endrin  0.002 - 0.004 

Heptachlor  0.001- 0.004 
Toxaphene  0.0002 - 0.005 

Source: Boyd (1990) and USEPA (1993)  
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Table 10. Water quality composition of sick waters undesirable for fisheries production (mg/l)  

pH 13.8 
Dissolved oxygen  3.30 
Alkalinity 534 
Total hardness  32.0 x103  
Conductivity  4.85 x10 -2 (µs/cm)  

Ammonia (NH 3) 68.0 

Phosphate (PO 4) 3900 
Iron (Fe)  6.05 
Copper (Cu)  7.00 
Zinc (Zn)  14.7 
Lead (Pb)  0.60 
Source: Nwanna , Fagbenro and  
Ogunlowo  (2004)  

  

Table 11. Water quality compos ition of sick waters undesirable   for fisheries production (mg/l)  

pH 3.89 
Dissolved oxygen  1.25 
Biochemical oxygen demand  

 BOD  91.1 
Conductivity  173 (µs/cm)  
Chemical oxygen demand  261.6  
COD   

Source: Nwanna, Akinsorotan and Fasakin  (2008)   
 

2 .4 .   NUTRITIONAL CONCEPTS IN  FISHERIES 
PRODUCTION
Fish needs a balanced diet for optimal growth and maintenance of 
physiological functions. A typical balance diet will contain feed 
ingredients that can supply the protein requirement, amino acids, 
energy, minerals, vitamins and oils in the right proportion. 
Particularly, the diet must contain balanced amino acids requirements 
of individual species of fish. Diet composition differs according to 
fish species and their ages. Naturally, omnivorous/carnivorous fish 
species need more animal protein in their diets than the vegetarian 
fishes. Therefore, diets of such omnivorous fishes are prepared to 
contain more protein than diets of the fishes that feed low at the food 
chain. Hence diets of African catfishes contain protein of 40-55% 
depending on the age and the physiological function as younger fishes 
and broodstocks require more protein than other categories that may 
need just maintenance diets. Similarly, the Tilapias need protein of 
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between 25 and 35% depending on the age and because they feed low 
in the food chain. A typical dietary composition of Tilapias is 
presented in Table 12 while that of Catfishes is shown in Table 13. As 
contained in Tables 12 and 13, all the feed ingredients have their 
specific functions. For instance, the fish meal supply animal protein 
and amino acids, the soybean meal supplies plant protein and amino 
acids, so also the groundnut cake, the maize supplies the needed 
energy, including the minerals and vitamins, while the oil supplies the 
fatty acids and glycerol, although some of them can spare others 
functions. Sometimes different types of additives are added to the 
diets to perform specific functions. For instance, probiotics are added 
to fish feeds to boost the immunity, phytase enzymes are added to 
release the phosphorus bound in plant feed ingredients as phytic acids, 
vitamin C may also be added for immunity boosting and addition of 
phytase would also help to release bound minerals in plant feedstuffs 
thereby reducing the cost of mineralization in animal feeds.
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Table 12. Gross composition of diet typical for Nile tilapia

 

Ingredients

 

g/1000g (DM)

 

Fish meal

 

(65% CP)

 

204

 

Soybean meal (45% CP)

 

170

 

Groundnut cake (48% CP)

 

190

 

Yellow maize

 

346

 

Cod

 

liver oil

 

50.0

 

Vitamin mineral premix

 

30.0

 

Methionine

 

3.00

 

Carboxymethylcellulose       

 

 7.00

 

 

Source: Nwanna
 

and Fashae, (2008)
     

 



2.5.  FEED QUALITY AND FEEDING REGIMEN
There are two types of diets; namely, complete or supplemental 
(incomplete/partial) diet Tacon, (1990). Complete diets provide all the 
necessary ingredients (protein, carbohydrates, fats, vitamins and 
minerals) needed for optimal growth and health of the fish. Complete 
diets must be provided for fishes reared in high density systems or in 
cages where they cannot forage freely for natural feeds. Whereas, 
supplemental diets are meant to help support the natural food (insects, 
algae, small fish) normally available in the culture systems.
Tacon (1990) reported that commercial fish diets are manufactured 
either as extruded (floating/buoyant) or pressure-pelleted (sinking) 
feeds. Both types produce satisfactory results, but while some fish 
prefer floating, shrimps prefer sinking pellets. Pellets should also be 
approximately 20-30% of the size of the fish species mouth gape 
(Lovell, 1989).
Feeding rate of fish and frequency is a function of the size of the fish, 
time of the day, season, water temperature, dissolved oxygen levels 
and other water quality variables (Nwanna and Bolarinwa 2001; 
Nwanna et al 2012). For example, feeding fish in the morning when 
dissolved oxygen is lowest is not advisable, but in a recirculatory 
system, with continuous supply of oxygen, fish can be fed at any time. 
In contrast, during winter at low water temperatures, feeding rate of 
warmwater fish in ponds must be reduced. Nwanna et al (2012) 
described the effect of feeding frequency and amino acid consumption 
in common carp (Table 14).
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Table 13. Gross composition of diets typical for African catfish 

 

Feed Ingredients

   

g/1000g

 

(DM)

    

Fish meal (65% CP)

 
 

258

 
 

Soybean meal (45% CP)

 

250

 
 

Ground nut cake (48% CP)

 

250

 
 

Yellow maize

 
 

116

 
 

Vegetable oil

 
 

60

 
 

Methionine

 
 

4

 
 

Lysine

 
  

2

 
 

Vitamin-min-premix1

 
 

50

 
 

Carboxymethylcellulose

 

10

   

Sourse: Nwanna, Ogundowole and Nwanna, (2014)  

 

 



Table 14 . Amino acids levels (mg 100ml
-1

) of carp (whole body) by different feeding strategies          

                Treatments                                                                                               
 

        
   Methionine 

level 
Feeding 
strategies  Methionine       Lysine      Arginine      Leucine      Serenum  

0.45% Twice feeding  1.19±0.23 5.61±1.36 3.01±0.62 3.01±0.43             2.33±0.46             

0.45% Pair feeding  1.25±0 .28 5.00±0.90 3.77±0.91 3.18±0.72 1.99±0.38 

0.45% 1.4% of body wt. 1.11±0 .16 4.83±0.73 3.75±0.58 3.17±0.56 2.47±0.71 

0.86% Twice feeding  1.47±0.18 5.00±0.93 4.68±0.64 3.05±0.38 1.28±0.38 

0.86% Pair feeding  1.22±1.19 3.62±0.63 5.05±0.79 3.43±0.52 0.91±0.22 

0.86% 1.4% of body wt.  1.31±1.15 3.88±0.60 4.78±0.85 2.44±0.40 1.36±0.34 

       0.45% 
 

1.18
b
±0.23 5.21

a
±1.11 3.45

b
±0.78 3.10±0.56 2.27

a
±0.54 

0.86% 
 

1.34
a
±0.22 4.23

b
±0.97 4.83

a
±0.75 2.98±0.58 1.19

b
±0.37 

       

 
Twice feeding  1.32±0.25 5 . 3 2 a ± 1 . 2 0  3.82

b
±1.05 3.02ab±0.40 1.82a±0.67 

 
Pair feeding  1.24±0.25 4.28b±1 .03 4.44

a
±1.06 3.31a±0.62 1.43b±0.63 

  1.4% of body wt.  1.21±0.20 4.34b±0.97  4.29
ab

±0.89 2.79b±0.60 1.89a±0.78 

 

Similarly, Feed acceptability, palatability and digestibility vary with 
the ingredients and quality, which significantly affect feed conversion 
ratio and feed efficiency (Robinson et al, 1998) and the profit margin 
(Nwanna, 2002). Farmed fish are usually fed at 2-5% body weight or 
to apparent satiation, but generally, growth and feed conversion 
increase with feeding frequency (Nwanna, 2003). Fish can be fed by 
hand, by automatic feeders and by demand feeders. While many 
farmers prefer hand feeding because it helps to monitor the feeding 
activity and health of the fish, automatic and demand feeders save 
time, labour and costs. Different types of fish feeds and feeding 
strategies are presented in (Figs. 8, 9, 10)
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Fig. 8. Different shapes of fish feeds            Fig. 9. Fish Hand feeding method 

 

Fig. 10.  Broadcasting fish feeding methods 

Fish feed is expensive and constitutes about 45 -50% of the operating 
costs (Nwanna, 2002) therefore, calculation of the feed conversion 
ratio (FCR) or feed efficiency (FE) are necessary to determine the 
efficiency of the feed and profitability of the fish farming business 
(Lovell 1989). And usually, FCR varies according to fish species, sizes 
and activity levels of fish, environmental parameters and the culture 
system used. Generally, FCR is calculated as the weight of the feed fed 
to the fish divided by the weight gain of fish growth. While FE is 
simply the reciprocal, that is (1/FCR). For instance, if fish are fed 20kg 
of feed and then exhibit 10kg weight gain, the FCR is 20/10 to get 2. 
And FCRs of 1.5-2.0 are considered good for growth of many species 
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(Nwanna et al, 2010). AS FE is simply the reciprocal of FCRs 
(1/FCR), in the preceding example, FE is 10/20 to get 50%. It may be 
impossible to obtain FE of 100% or FCR of 1, because fish have to use 
some of the energy in the feed for metabolic heat, digestive 
processing, respiration, nerve impulses, salt balance, swimming and 
other living activities (Houlihan et al. 2001). However, FEs above 
50% are regarded as good growth performance (Craig and Helfrich 
2009). Summarily, (Houlihan et al. 2001) stated that the most 
important rule in fish nutrition is to avoid over-feeding, because it is a 
waste of expensive feed; apart from causing water pollution, low 
dissolved oxygen levels, increased biological oxygen demand and 
increased bacterial loads. 

3.0 CONCEPT OF FISH EAT FISH IN FISH NUTRITION
Fish meal is the choice animal protein in fish nutrition, because the 
nutrients are readily available to fish and without antinutritional 
factors. However, due to high costs and scarcity, plant proteins are 
sought to reduce costs of fish production and to increase the 
profitability (Nwanna et al, 2018). But the use of these plant proteins 
is limited by lack of some essential AA in them. Therefore, to maintain 
the AA balance and for promotion of fish growth performance and 
other physiological functions, free AA acids are supplemented to the 
diets with high plant feed ingredients. Li et al, (2008) itemized the 
merits of supplementing AA to fish feeds to include; (1) increasing the 
chemo-attractive property and nutritional value of aquafeeds with low 
fish meal inclusion (2) optimizing efficiency of metabolic 
transformation in juvenile and sub-adult fishes; (3) suppressing 
aggressive behaviour and cannibalism; (4) increasing larval 
performance and survival; (5) mediating timing and efficiency of 
spawning; (6) improving fillet taste and texture; and (7) enhancing 
immunity and tolerance to environmental stresses. 

3.1.  AMINO ACIDS IN FISH NUTRITION
Amino acids (AA) are building blocks for protein (NRC 2011). They 
are classified as essential (indispensable) or non-essential 
(dispensable) for fish. Essential (AA) are those that either cannot be 
synthesized or are inadequately synthesized by animals relative to 
needs. Therefore, AA must be provided to the diets under conditions 
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where rates of utilization are greater than rates of synthesis (Li et. 
2008). Similarly, all nonessential AA can be synthesized adequately 
by aquatic animals. These AA are presented in Table 15, while the 
functions are given in Fig. 3. Following discoveries in fish nutrition 
(Li et al. 2008), taurine, glutamine, glycine, proline, hydroxyproline 
and cysteine are regarded as conditional essential AA, because they 
can promote growth, development and health of aquatic animals 
(Table 15). Li et al. (2008) reported that studies with both aquatic and 
terrestrial animals have shown that many AA regulate key metabolic 
pathways that are crucial to maintenance, growth, reproduction, and 
immune responses (Fig. 11). Such AA are called functional AA. NRC 
(2011) similarly stated that AA are essential for carbohydrate and lipid 
metabolism, for the synthesis of tissue proteins and many important 
compounds including, adrenalin, thyroxine, melanin, histamine, 
porphyrins-haemoglobin, pyrimidines and purines-nucleic acids, 
choline, folic acid and nicotinic acid-vitamins, taurine-bile salts, and 
as a metabolic source of energy and fuel. 

T able 15. N utritionally essen tial and  nonessential A A  for fish and  aquatic  anim als 

E ssen tial A A N onessential A A C onditiona lly essential A A 

A rgin ine A lanine C ysteine 

H istid ine A sparagine G lutam ine 

Isoleucine A spartate H ydroxypro line 

Leucine G lutam ate P ro line 

L ysine G lycine T aurine 

M ethion ine Serine 
 P henylalanine T yrosine 
 T hreonine 

  T ryp tophan 
  V aline     

Source L i et a l. 2008 
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               Figure 11: Amino acids role in development and fish health. 
Li et al. (2008)

3.2. NUTRITION AND FISHERIES PRODUCTION IN SICK 
WATERS
Mr. VC Sir, Fish performs all physiological activities in water, 
including breathing, excretion of waste, feeding, maintenance of salt 
balance and reproduction. Therefore, producing fish in sick water is 
tantamount to sentencing the fish to death. During the course of my 
research, over the years, I have established a negative/zero correlation 
between fish growth in sick waters and food supply. This means that 
no matter the quality of the feed, once the water is sick, the fish will 
stop feeding and gradually starve to death, while others would jump 
out of the water to meet their waterloo. 
No wonder many fish farmers and fishers have abandoned their 
fisheries businesses because they are producing/harvesting fish in 
sick waters; with unrewarding catch per unit effort and low returns to 
investment.
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Therefore Mr. Vice Chancellor Sir, when a fish farmer complains that 
the fish does not grow, or a fisherfolk complains of no or infinitesimal 
catch per unit effort during a fruitful season, simply ask them, are you 
cultivating or producing fish in sick Waters   ?. 
Mr. Vice Chancellor Sir, it is on this premise that most of my research 
efforts are tailored towards ensuring that fisheries are not produced in 
sick waters, because eating fish produced in sick waters can also make 
people sick.

4.0 My Contributions to Knowledge
Mr. Vice Chancellor Sir, I joined the services of FUTA in 1997, 
became a member of the University Senate as a Lecturer II since 2000; 
and rose to become a Professor in 2009. So, I have spent over 11 years 
as a Professor getting information and experience for this Inaugural 
Lecture. Some of my contributions to knowledge and human 
development include:
In one of my journeys abroad to attend international conference in 
USA, I met one of the best professors in fisheries and he called me: 
Lawrence and said congratulations, that I have been following your 
publications, that 10 of them are on my table and I am consulting them 
for my own research. 
At another conference in Goettingen, Germany, I met another German 
Professor of Fisheries who made review on phytase enzymes and 
fisheries production for a book Chapter, and he cited ten of my 
published papers on phytase and fisheries production. 

4.1. Teaching and Research
Over the years spanning more than two decades, I have taught many 
courses at undergraduate and postgraduate levels. I have also 
supervised the projects of many undergraduates, masters and PhD 
students. I have equally examined many undergraduates, masters and 
Ph.D students in other universities.
I have been involved in the development and management of 14 
species of fishes used in aquaculture: including: African catfish 
(Clarias gariepinus), Nile tilapia (Oreochromis niloticus), Red belly 
tilapia (Coptedon zillii), Matrinxa (Brycon cephalus), Tambaqui 
(Colossoma macropomum), Catla catla, Grass carp (Hypophthalmicthys 
molitrix) Cirrhinus mrigala, Common carp (Cyprinus carpio), Marine 

26



black giant tiger shrimp (Penaeus monodon),  Rainbow trout 
(Onchorhynchus mykiss), Heterobranchus bidorsalis, Malawian 
Tilapia (Oreochromis karongae) and Pikeperch (Sander lucioperca).

In 2014, I organized an international Humboldt kolleg that addressed 
the issue of rendered products and value added agro-wastes in animal 
nutrition: as a panacea for sustainable animal protein production in 
sub-Saharan Africa. The Kolleg was well attended and people from 
Germany also graced the occasion.

In 2015, as HOD of the Department of Fisheries and Aquaculture 
Technology, and through my partnership with the University of Ibadan 
Department of Aquaculture and Fisheries Innovation platform, I 
brought Integrated Aquaculture (Fish-Rice-Poultry) project which 
was a multi donors grant with West and Central African Council for 
Agriculture Research and Development, CORAF as Fund manager to 
FUTA. The project led to the development of infrastructure that has 
provided veritable platform for training, research and demonstration 
for both students and staffs. The project has trained many students 
within and outside FUTA, while still generating revenue for the 
Department. So far, I have published over 120 papers in book chapters, 
journals and referred conference proceedings in very visible journals 
and print media. I have also travelled to all continents in the world to 
present my research outputs at international conferences.

4.2. Research Grants Award 
In 1998, FUTA Senate granted us (Nwanna and Fatula) an award to 
study the Linkages between Technology and Entrepreneurship in 
Nigeria. A case study of Aquaculture in Ondo and Ekiti States.
In 1998, The International Foundation for Science (IFS) Stockholm, 
Sweden awarded me a grant to study the use of shrimp head (waste) 
silage meal in low costs feed production for African catfish, Clarias 
gariepinus. 
In 2000, African Academy of Sciences (AAS) Nairobi, Kenya 
awarded me a grant (A3/FORESTRY/15/5/00) to develop low-costs 
feed for Nile tilapia (Oreochromis niloticus) using under-utilized 
forest seeds. 
In 2009, FUTA Senate granted us (Nwanna, Oboh, Agbede and Lajide) 
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an award to study Enhancement of the Nutritional and Nutraceutical 
Properties of Citrus By-products as feed supplement for poultry/ fish.
In 2010, Agricultural Research Council of Nigeria: Competitive 
Agricultural Research Grant Scheme (CARGS) awarded me a grant to 
study the use of cassava leaf protein concentrates on Catfish and 
Tilapia nutrition.
In 2013, BIOTECH LOHNE Germany awarded me a grant to develop 
alternative feed for African catfish and Nile tilapia using probiotics in 
replacement for antibiotics 
In 2016, Vital Feed Industries Jos, Nigeria, awarded me a grant to 
develop low-cost diets for African catfish and Nile tilapia using 
alternative feed ingredients.

In 2017, FUTA Tetfund awarded me a grant to develop low-costs feed 
for African catfish and Nile tilapia using shrimp head waste meal.

These researches were well conducted and the results/outputs are 
being used in the development of Fisheries world-wide.

4.3. FELLOWSHIP AWARDS
Between 2001 and 2014, AvH Foundation awarded me fellowships at 
different and staggard occasions at the University of Munich, Freising 
Weihenstephan, Germany to develop environmentally friendly fish 
feed for Common carp, Cyprinus carpio using phytase enzyme.
Between July 2005 and January 2006, Matsumae International 
Foundation (MIF) Japan awarded me fellowship at Tokyo University 
of Marine Science and Technology to develop feed that would address 
the effect of phosphorus load on aquaculture facilities.

Between September 2006 and December 2007, DAAD Foundation, 
Germany awarded me a fellowship to develop low-phosphorus feeds 
for common carp (Cyprinus carpio L) to mitigate the menace of 
phosphorus on the environment.

Between March 2007 and December 2008, at different and staggard 
occasions, for 6 months period, TWAS-UNESCO Association for 
Centre of Excellence in the South, awarded me 2 fellowships (3 
months each) at the National Institute for Aquaculture Research 
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(INPA) Manaus, Brazil to develop environmentally friendly feed for 
Tambaqui (Colosoma macropomum Cuvier 1818) and to develop low-
cost feed for the fish using alternative feed ingredients Castanha and 
Cupuassu. 

Between December 2008 and March 2009, Alexander von Humboldt 
(AvH) Stiftung Foundation Germany awarded me a Fellowship to 
determine DL Methionine requirement of common carp (Cyprinus 
carpio L) 

Between September and December 2010, TWAS-UNESCO 
Association for Center of Excellence in the South, awarded me 
Fellowship at the National Centre for Genetic Engineering and 
Biotechnology, Bangkok, and the Premier University of Thailand, the 
Chulalongkon University Bangkok to study the Methionine 
requirements and nutrigenomics of Black tiger shrimp Penaeus 
monodon.  

Between December 2014 and April 2015, Alexander von Humboldt 
(AvH) Stiftung Foundation Germany awarded me a fellowship at the 
University of Goettingen to study the synergistic effects of phytase 
and lysine on reduction of phosphorus in aquaculture facilities.

Between October 2015 and January 2016. Alexander von Humboldt 
(AvH) Stiftung Foundation Germany awarded me a fellowship at the 
University of Kiel Germany to develop strategies to control nitrate 
waste and pollution in fish recirculatory systems.

All these fellowships were well executed and the results/outputs 
published in reputable high impact factor journals for the development 
of fisheries all over the world.

4.4. INTERNATIONAL CONFERENCES ATTENDANCE 

As part of my contribution to knowledge, I have attended several 

international conferences to disseminate information on my research 

outputs.
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In 1998, I was in Grahamstown, South Africa to spread the good news 
about increasing the number of aquaculture species in Africa through 
the introduction of Indian major carps, and on the impacts of post- 
harvest losses on supply and demand for Clarias gariepinus 
(Clariidae) and Oreochromis niloticus in Nigeria.

In 2000, I was in Nice, France to make presentation on the use of 
shrimp head waste meal as alternative feed ingredient to fish meal in 
the production of African catfish.

In January 2002, I was in San Diego California, USA to disseminate 
research information on the development of low-cost diets for African 
catfish and Nile tilapia using forest seeds.

In 2002, between April 23 and 27, I was in Beijing-China to spread 
information on how to reduce the cost of production of African catfish 
fingerlings through the use of Daphnia and Chlorella species in 
replacement for the more expensive Artemia.

In August 2002, I was in Rhodes Island, Greece to present research 
information on the use of underutilized forest products in the 
development of low-costs fish feeds.

In 2006, between May 28 and June 1, I was at 12th International 
Symposium on Fish Nutrition & Feeding in Biarritz, France to deliver 
a paper on the management of phoshorus in Carp production facilities 
using phytase enzyme.

thIn May 2012, I was at the 6  World Fisheries Congress in Edinburgh, 
UK, to promote the management of Plantain (Musa paradisiaca) peels 
to control environment pollution and to improve fish production and 
welfare. At the same conference, I proposed the use of probiotics 
(Lactobacillus acidophilus) for the treatment of fish diseases and 
immune boosting against the use of antibiotics. Lastly, at the same 
conference, I publicized the Knowledge of methionine requirements 
for sustainable production of marine black tiger shrimp (Penaeus 
monodon). 
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4.5.  Economic importance of phosphorus in fisheries 
production

Mr. Vice Chancellor Sir, the father of Wildlife in FUTA, Prof. T.A. 
Afolayan (late), taught me that Fire is a good Servant as well as a bad 
Master. Today I stand before this respected audience to state that 
Phosphorus in aquatic environment is a Nutrient as well as a 
Nuisance. This is because phosphorous (P) is a necessary nutrient for 
the growth of fish; but excess of it make waters sick as it causes the 
growth and development of harmful algal blooms (HABs). Jump Up 
(2009) summarized the adverse effects of HABs as:. the production 
of neurotoxins which cause mass mortalities in fish, seabirds, sea 
turtles, and marine mammals; human illness or death via 
consumption of seafood contaminated by toxic algae; mechanical 
damage to other organisms, such as disruption of epithelial gill 
tissues in fish, resulting in asphyxiation and oxygen depletion of the 
water column (hypoxia or ) from cellular respiration and anoxia
bacterial degradation. To solve this problem, we conducted 
experiments to determine the thresh hold of P in aquaculture facilities 
through broken line regression analysis as in (Fig. 12). The results are 
published in Nwanna, Kuhlwein and Schwarz (2009) and Nwanna, 
Adebayo and Omitoyin (2009a and 2009b). Details of the work on 
phosphorus are presented in Table 16

 Ĩ ÕMPÑMÞÈ ĈĐĆBĊĊ Ŋ 

Break point: 6.87 ± 0.80 g P kg
-1

 DM 
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Table: 16.  Phosphorus (P) requirements of some fish species      

Name of fish  
P 
requirements  References      

Heterobranchus bidorsalis  12.3g/kg Nwanna, Adebayo & Omitoyin (2009a)  

Clarias gariepinus  
6.70-
8.20g/kg Nwanna, Adebayo & Omitoyin (2009b)  

Cyprinus ca rpio (Dietary P)  
      Growth 

 
6.87g/kg 

 
Nwanna, Kuhlwein & Schwarz (200 9) 

Bone mineralization (M)  9.01g/kg 
 

Nwanna, Kuhlwein & Schwarz (200 9) 
Whole body (M)  14.7 g/kg    Nwanna, Kuhlwein & Schwarz (200 9) 

Cyprinus carpio  
      (Digestible dietary P)  
      Growth 

 
5.51g/kg 

 
Nwanna, Kuhlwein & Schwarz (200 9) 

Bone mineralization (M)  7.62g/kg 
 

Nwanna, Kuhlwein & Schwarz (200 9) 
Whole body (M)  14.7 g/kg    Nwanna, Kuhlwein & Schwarz (200 9) 

Clarias gariepinus  
      Ca/P Ratio  2 :1.5 g/g    Nwanna & Oni (20 18)   

 

4.6   PHYTASE IN FISHERIES PRODUCTION
In fish nutrition, fish meal is expensive and scarce, therefore plant 
protein feeds are used in replacement for the expensive fish meal 
(Davies, Fagbenro, Abdel-Waritho and Diller 1999; Balogun and 
Ologhobo 1989; Boonyaratpalina et al. 1998; Polat 1999). However, 
the phosphorus (P) in plant feeds is in form of phytate, which is not 
digestible by fish, because it does not have sufficient phytase enzyme 
to hydrolyze the phytate P. Consequently, excess P is discharged into 
the water to cause eutrophication, algal bloom and to make the water 
sick. To circumvent this situation, phytase is added into the feeds, 
because it has a capacity to dephosphorylate phytate in a step-wise 
manner to a series of lower inositol phosphate esters (myo-inositol 
pentaphosphate to myo-inositol monophosphate) and ultimately, to 
inositol and inorganic P. Therefore, in order not to produce fish in sick 
waters, our research team has conducted several studies on the 
appropriate level of phytase that can be applied to regulate P discharge 
into the water (Fig. 13), and the grand breaking results obtained have 
been published in Nwanna (2002); Nwanna, Ajani and Bamidele 
(2006); Nwanna (2007); Nwanna and Schwarz (2007); Nwanna and 
Schwarz (2008) and Nwanna, Satoh and Tashiro (2016). Besides, we 
have also discovered that addition of phytase in the diets would release 
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minerals that are necessary for fish growth. The results are published 
in Nwanna (2004); Nwanna (2005a); Nwanna, Fagbenro and Adeyo 
(2005); Nwanna, Schwarz and Broz (2005), Nwanna, Ajani and 
Bamidele (2006); Nwanna and Schwarz (2006), Nwanna (2007), 
Nwanna and Schwarz (2007); Nwanna, Eisenreich and Schwarz 
(2007); Nwanna, Kolasha, Eisenreich and Schwarz (2008); Nwanna 
and Schwarz (2008), Nwanna, Oishi and Pereira-Filho (2008), 
Nwanna and Olushola (2014), and Olusola and Nwanna (2014). So, 
fish farmers now apply this method to reduce the quantity of 
additional minerals that are supposed to be added into the fish feeds. 
Through this process the farmers produced fish at lower costs because 
it costs a lot to purchase the minerals. This would eventually lead to 
production of fish at reduced costs, which would make the farmers to 
sell the fish to consumers at affordable prices too.  

 

 

   Source: Nwanna, Satoh & Tashiro (2016) 
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Mr. Vice Chancellor Sir, Common carp (Cyprinus carpio) is a fish 
without stomach, and most of the commercially available phytases 
have pH optima of 5.5. Therefore, phytase will not work well with 
common carp without stomach and having intestinal pH above 6 
(Nwanna and Schwarz 2008), so their dietary plant feedstuffs require 
additional pre-treatments with phytase before use. Therefore, my 
team of researchers developed several methods of processing the 
plant feeds with phytase that would give optimal benefits to carp 
nutrition and particularly with focus on environmental P loadings. 
These results have been published in Nwanna (2005a), Nwanna 
(2005b), Nwanna, Fagbenro and Adeyo (2005) and Nwanna, 
Schwarz and Broz (2005), Nwanna, Kolasha, Eisenreich and Shwarz 
(2008); Nwanna, Satoh and Tashiro (2016). Eventually wet-
incubation of the plant feeds with phytase achieved the best result, 
Nwanna, Eisenreich and Schwarz, (2007). And the results of this 
singular study have been cited by several scientists across the world. 
 

4.7  PROTEIN REQUIREMENTS OF FISHES
Mr. Vice Chancellor Sir, fish feed constitutes over 60% of the 
operating cost of aquaculture; out of which, protein takes about 75% 
(Nwanna, 2002) confirming it as the single most expensive 
component of fish feeds (NRC, 1993; De Silva and Anderson, 1995). 
Hence, knowledge of the protein requirement is important for the 
formulation of well-balanced and low-cost feeds (Shiau and Lan, 
1996). Careless waste of dietary protein due to non-quantification of 
accurate protein requirements in fish could lead to drastic reduction or 
negative returns to investment, and should be avoided. Besides, the 
end product of protein metabolism in fish is ammonia and significant 
nitrogenous waste products (Wood, 1993), excess of which can make 
the water sick. This background on protein and the economic 
importance motivated my studies into the protein requirements of 
fishes. Consequently, we conducted series of studies on protein 
requirements of Malawian Tilapia, Oreochromis karongae, Falaye, 
Grimm and Nwanna (2008); protein requirements of Matrinxa, 
Nwanna, Oishi and Pereira-Filho (2009); protein requirement of 
Tambaqui, Oishi, Nwanna and Pereira-Filho (2010); and protein 
requirement of African catfish, Nwanna, Omojola, Nwanna and 

34



Abiodun (2014). In the determination of protein requirements of 
Matrinxa and Tambaqui, we observed a direct relationship between 
protein concentration and the ammonia excretion (Fig.14). This also 
justifies the need to regulate dietary protein as excess protein in diets 
will lead to excess ammonia that will make the culture waters sick. 
The results of the determined protein requirements for the four 
species above are presented in (Table 17).

Table 17: Protein requirements of some fish spec ies (%)              References      

Malawian tilapia , Oreochromis karongae  35 
 

    Falaye, Grimm & Nwanna (2008)  
Matrinxa, Brycan cephalus  31.5 Nwanna, Oishi & Pereira Filho (2009)  

Amazone Tambaqui , Colossoma 
macroponum       30 Oishi, Nwanna & Perei ra Filho (2010)  
African catfish  35-40 Nwanna, Omojola, Nwanna & Abiodun  (2014)  
African catfish/protein: ash ratio  4.08 : 4.82  Nwanna, Omojola, Nwanna & Abiodun  2014  
 

4.8  AMINO ACIDS IN FISH PRODUCTION
Fish like other animals needs ten essential amino acids; deficiencies 
of which cause anorexia, poor growth, low feed intake and low feed 
conversion ratio (Polat, 1999). Some amino acids and their 
metabolites are important regulators of key metabolic pathways that 
are necessary for maintenance, growth, feed intake, nutrient 
utilization, immunity, behaviour, larval metamorphosis, 
reproduction, as well as resistance to environmental stressors and 
pathogenic organisms in various fishes (Li et al., 2008).
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In the early days of aquaculture development in Nigeria and West 
Africa, there were no studies on the amino acids requirements of 
African catfish, a major aquaculture species in Nigeria and Africa. 
Consequently, the amino acids requirement of American Channel 
catfish was used to estimate the requirement of African catfish. 
Therefore, Fagbenro and Nwanna (1999) and Fagbenro, Nwanna and 
Adebayo (1999) championed many research studies to determine and 
define the amino acids requirements of the fish. The research findings 
are being used by fish farmers all over the world. The wide use of this 
research findings encouraged me to continue further research on 
amino acids and the use of free amino acids in fish growth promotion 
and building of immunity in fishes. Most of the research findings are 
presented in Table 18.

ÇĂble 18:   Amino acids requirements of some fish species          
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         4.9.  PROBIOTICS AS ALTERNATIVES TO ANTIBIOTICS 
IN FISH NUTRITION

Mr. Vice Chancellor Sir, antibiotics are used in Aquaculture to control 
bacteria and disease infections. The long-time usage has led to 
emergence of antimicrobial resistance among pathogenic bacteria 
(Gatesoupe 2002). This is of great public health concern as it has 
resulted in the presence of antibiotic residues in fish, and development 
of resistant bacteria in the environment (Nwanna, 2010) and this is 
why Doctors now combine different antibiotics in the treatment of 
diseases where one type of antibiotics was used before. This has led to 
the use of probiotics as an alternative. Probiotics are biological control 
agents that are cheap, reliable, and non-toxic to people who eat the fish 
(Gatesoupe. 2002). For production of food fish with sanctity, integrity 
and quality control, my research team conducted series of studies on 
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the use of appropriate natural probiotics for the production of Nile 
tilapia and African catfish. We observed that Lactobacillus plantarum 
from the gut of Nile tilapia and African catfish proved to be good 
probiotics, that improved fish growth performance, immunity and 
welfare of the fishes (Tables 19, 20, 21). These findings are published 
in Nwanna (2009), Nwanna, Ajani and Bamidele (2014); Nwanna 
and Helen Tope Jegede (2017) (Figs. 15 & 16). Similarly, in 2019, we 
studied the synergistic effect of two types of probiotics in the 
production of African catfish, and the results demonstrated that 
Bacillus licheniformis + B. subtilis improved the immunity and 
welfare of the fish (Nwanna and Eboh, 2019).

Table 1 9. Blood param eters of C. gariepinus  fed probiotic diets    

   
0.0 Lp  103 Lp 105 Lp 107  Lp 109 Lp 

Pack cell volume 
(%)  

  
3 2 . 0

a ±0.58  41.0 e±0.58  38.0 d±0.48  39.0 c±0.45  36.0 c±0.33  

Haemoglobin (%)  
  

10.7 a±0.00  13.2 f±0.00  12.7 d±0.00  13.0 f±0.01  12.1 c±0.15  

White blood ce lls  
       (x10 3/mm 3) 
  

2.40 a±0.01  8.40 f±0.54  7.40 e±0.00  7.20 d±0.57  3.30 c 
MCHC 

(gm/100ml)      0.68 a±0.01  0.79 bc±0.04  0.75 ab±0.31  0.85 c±0.03  0.80 bc±0.06  
 

Table 20. Challenge test on C. gariepinus  fed probiotic diets using S. typhi   

   
Diet 1  Diet 2  Diet 3  Diet 4  Diet5  

Number of fish  
  

10 10 10 10 10 

Type of inoculate  
       (2ml/L of water)  
  

S. typhi  S. typhi  S. typhi  S. typhi  S. typhi  

Period of test  
  

2 weeks  2 weeks  2 weeks  2 weeks  2 weeks  

Mortality (%)  
  

100  0.0 0.0 0.0 0.0 
           Lp is Lactobacillus plantarum  (CFU/g)  

                  Source: Nwanna, Helen -Tope Jegede (2017)  
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Table 21: Influence of L.  fermentum and L. brevis on the safety of O. niloticus                  
                  at 2 weeks observation  

 
 
 
 
 
 
 
 
 
 
 
 

*i.p. -  intra-peritoneal route; Nwanna, Ajani and Bamidele (2014) 

Isolates Control L. fermentum L. brevis 
*Route of Injection   i.p i.p i.p 
No of fish stocked  20 20 20 
Av. Wt. (g) 
No of mortality 

18.05±0.93g 
7 

18.03±0.04g 
0 

18.02±0.01g 
2 

 Dosage   0.3ml saline  0.3ml (107 cell/ml) 0.3ml (107cell/ml) 

Healthy 13 20 18 
% of survival  65 100 90 
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Source (Figs. 15 & 16): Nwanna and Helen Tope Jegede 
(2017)

5.0.  DEVELOPMENT OF LOW-COST FISH FEEDS
Mr. Vice Chancellor Sir, Fish feed are very expensive in Nigeria, 
because most of them are imported; and it is the same feed ingredients 
that are used in making fish feed that are used in livestock and human 
food. This competition increases the cost of feed and fish production. 
The consequence is that both the fish farmers and intending ones are 
discouraged and the consumers have to pay more. To solve this 
problem and make fish feeds more affordable, Nwanna and Falaye 
(1997) conducted studies aimed at determination of lesser-known 
feed ingredients that can be used to produce low-cost diets that would 
not compromise fish growth and physiological functions. The 
findings proved that an aquatic plant (Azolla pinnata) can replace up 
to 25% of groundnut cake in the diets of Nile tilapia. Nwanna and 
Daramola (2000), Nwanna and Bolarinwa (2000) and Nwanna 
(2003) demonstrated the use of shrimp head waste meal and non-
conventional oil in the production of Nile tilapia, Oreochromis 
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niloticus. Nwanna, Fagbenro and Ihiemekpen (2000) revealed the 
potentials of shrimp head silage meal in the production of African 
catfish, with 40% replacement for fish meal. Nwanna and Uzoka 
(2001) developed a conceptualized computer knowledge-based 
system for least costs fish feed formulation by considering the fish 
species, target protein requirement, target energy requirement, feeding 
habit of fish, and cost of feed ingredients. Nwanna, Enujiugha, Oseni 
and Nwanna (2005) established that fungal fermentation of Bambara 
groundnut cotyledon and hulls using Penicillium species and yeast 
improved their nutrient potential as fish feed stuffs. Nwanna, 
Adejuigbe, Fashae, Oludapo, Dansu and Smith (2008) characterized 
some of the lesser-known plant and forest products with a view to 
determining their nutritional potentials (Table 22). In 2004, Nwanna, 
Fagbenro, Balogun, Ajenifuja and Enujiugha showed that chemically 
preserved shrimp head waste could replace up to 40% of fish meal in 
the diets of African catfish, Clarias gariepinus. Nwanna and Ajani 
(2006) have equally proved that Pigeon pea can replace 100% of 
groundnut cake in the diets of Nile tilapia. Nwanna, Ogundowole and 
Nwanna (2014) discovered that Plantain peels (Musa paradisiaca) 
could replace the total maize requirement of African catfish. Farmers 
are using this knowledge to reduce feed costs and improve their 
income. While consumers also pay less because cost of production is 
reduced.

Mr Vice Chancellor Sir, water hyacinth (Eichhornia crassipes) is a 
water weed that constitutes nuisance in the Nigerian water ways as it 
causes environmental degradation and disturbance in water 
transportation system. So Nwanna, Falaye and Sotolu (2008) 
conducted a research that proved that water hyacinth can be harnessed 
into fish feeds. In fact, the findings showed that it can replace 30% of 
maize in the diets of Nile tilapia. Similarly, Nwanna and Ajani (2004) 
observed that water hyacinth improved the growth and blood profile of 
African catfish.
Other studies conducted for the development of low cost fish feed 
include the works on poultry layer waste, Nwanna (2002); Acha, 
Nwanna, Fagbenro and Kehinde (2003); Cassia fistula seed meal, 
Nwanna, Fagbenro and Jegede, (2004); Tamarind, Nwanna, Fagbenro 
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and Olanipekun (2004); discarded cocoa bean meal, Nwanna and 
Fashae (2008); yeast fermented orange peels, Nwanna, Akomolafe, 
Oboh and Lajide (2011); cassava leaf meal concentrate in Catfish, 
Fagbenro, Oresegun, Nwanna, Ilonna, Fijabi, Adeleke, and Agun 
(2017), cassava leaf meal concentrate in Tilapia Fagbenro, Oresegun, 
Nwanna, Ilonna and Fijabi and Adebayo (2017),  cattle rumen waste 
meal, Nwanna and Oladipupo (2018), Irish potato peels Nwanna, 
Falaye, Olarewaju and Oludapo (2019); and velvet bean Oladipupo, 
Nwanna, Ogunlana, and Omoogun (2019) . Detailed results of these 
studies are presented in Table 23. 

  Table 22:  Potentials of some under-utilized forest products for fish feed 
ingredietns (%) 

 
Discarded cocoa  Waste  Orange potato African  Bread 

 
bean seed orange seed peels pear fruit 

    pulp     shaft+seed shaft 

Crude protein 16.0 9.20 11.0 11.0 9.97 13.5 
Crude fat 45.1 4.00 7.52 5.19 22.3 2.69 
Ash 2.69 5.30 7.86 8.15 5.56 2.77 
Moisture 5.20 8.31 7.65 7.09 8.79 10.0 
Crude fibre 12.0 11.0 8.60 8.20 32.5 2.83 

Carbohydrate 19.0 62.2 57.4 60.1 20.9 68.2 

Source: Nwanna, Adejuigbe, Fashae, Oludapo, Dansu & Smith (2008) 
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  Table 23: Replacement values in low costs fish feed production          References  

Fish species     Actvities   

Nile tilapia 
 

Azolla africana  replaced 25% of 
groundnut  

 

  
cake meal  Nwanna  & Falaye (1997)  

African catfish  
 

Chemically pr epared shrimp head 
meal Nwanna , Balogun, Ajenifuja  

  
replaced 20% of fish meal  & Enujiugha (2004)  

Nile tilapia 
 

Cassia fistula replaced 25% of 
soybean meal  

Nwanna , Fagbenro & Jegede 
(2004) 

African catfish  
 

Inclusion of water hyacinth at 15%  Nwanna & Ajani (2005)  

Nile tilapia 
 

Discarded cocoa bean meal replaced 
75% 

 

  
of maize Nwanna & Fashae (2008)  

Nile tilapia 
 

Soybean oil replaced 100% of fish oil  Nwanna  & Bolarinwa (2000)  

African catfish  
 

80% maize + 20% Green plantain 
peels meal  

Nwanna , Ogundowole & 
Nwanna (2014) 

    
Nile tilapia 

 

Cattle rumen waste replaced 50% of 
maize Nwanna , & Oladipupo (2018)  

Nile tilapia 
 

Maggot meals replaced 100% fish 
meal 

Ajani, Nwanna  & Musa 
(2004) 

Heterobranchus  
   

bdorsalis 
 

Inclusion of 3g/kg velvet bean  
Oladipupo, Nwanna , 
Ogunlana & 

   
Omoogun (2019)  

Nile tilapia 
 

Irish potatoe peels replaced 30% of 
maize Nwanna,  Falaye, Olarewaju  

   
& Oludapo (2009)  

Nile tilapia 
 

Water hyacinth replaced 25% of maize  
Nwanna , Falaye & Sotolu 
(2008) 

African catfish  
 

Cocoyam leaves replaced 50% of 
Soybean  

Nwanna , Afolabi, Sanni, 
Nwanna 

      Boligons & Athayde (2016)  
 

5.1.  CONTROL OF OVERPOPULATION IN FARMED 
TILAPIAS

Mr. Vice Chancellor Sir, tilapia aquaculture is not attractive to many 
people and therefore over 90% of aquaculture in Africa is limited to 
cultivation of African catfish because of precocious breeding and 
stunted growth in Tilapias. Nearly 75% or more of Tilapias may be less 
than 100g at maturity. Sarotherodon mossambicus spawns at the age of 
three months when it only weighs about 30g, even late maturing 
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species like Oreochromis niloticus and O. aureus begin spawning as 
early as 5-6 months of age. This precocious breeding and 
uncontrolled reproduction results in stunted growth performance 
and unrewarding returns to investment. In solving this problem of 
high fecundity and prolificity, Jegede, Fagbenro and Nwanna (2008 
a, b and c), and Oladipupo, Nwanna and Fagbenro (2017) conducted 
several studies to inhibit the gonads of the fish for delayed 
reproduction, so that the hormone for reproduction would be used 
for improved growth performance. We achieved this by using 
adiabatic pants such as the neem leaves, pawpaw leaves and Tribulus 
terrestris seeds to reverse the sex and produce most male tilapias 
because male tilapia grows about three times faster than the female 
ones. Fagbenro, Nwanna and Jegede (2016) also described the use 
of some adiabatic plants in the control of Nile tilapia, Oreochromis 
niloticus. These methods resulted in the production of large sized 
Tilapias with more economic values. Yet, for improvement in the 
reproduction of African catfish, Ajani, Omitoyin, Nwanna and 
Yusuf (2016) did molecular characterization of milt from wild and 
farm raised-African catfish; and observed that though milt from wild 
African catfish did not have allozyme, they had higher genetic 
diversity than milt from farmed ones. 

5.2. INTRODUCTION OF MULTIPLE SPECIES IN NIGERIA 
AQUACULTURE
Mr. Vice Chancellor Sir, one of the reasons for low aquaculture 
production in Nigeria is because of mono-species system. That is, 
the focus is on the cultivation of African catfish, Clarias gariepinus; 
because it survives well and grows fast in the environment even in 
media of low oxygen concentration. In a bid to diversify the number 
of aquaculture species in Nigeria, I conducted several experiments 
for my PhD program trying to access the potentials of two Indian 
major carps Catla catla and Cirrhinus mrigala as aquaculture 
species in Nigeria. I cultivated the fishes and determined the 
economic benefits and I observed that the species will thrive well in 
Nigeria only if the water quality is of very high standard, particularly 
in highly oxygenated waters. The results of the studies are published 
in Nwanna, Fagbenro and Balogun (1997), Nwanna (1998a, b) and 
Nwanna, (1999). In a related study, Nwanna and Akanbi (2003) 
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investigated the potentials of another carp species, the Silver carp, 
Hypothalmychys molitrix, and observed that the fish has great 
potential for aquaculture when cultivated in waters of high quality 
especially when highly oxygenated and when the pond environment 
is shaded to reduce direct intensive heat of the sun. Also, during my 
post-doctoral studies in Germany, I was able to identify why 
cultivation of common carp Cyprinus carpio has not been very 
successful in Nigeria. My observation is that apart from requiring 
high water quality and well oxygenated waters, it needs waters with 
high quantity of calcium for optimum performance. 

5.3. AQUACULTURE AS A BUSINESS
Aquaculture is a profitable venture and in fact, the highest growing 
food production sector in the world provided that fish are not 
cultivated in sick waters. It increases by between 5.5 to 6% annually. 
Aquaculture business starts from the production and sales of fish 
fingerlings, sales of Table size fishes and investment in broodstock 
production and feed technology. Each prospective investor decides 
which level of production brings the highest returns to investment.  
A successful aquaculture business must start with a well-developed 
feasibility studies, and the activities must be managed by trained 
personnel. The erroneous belief that aquaculture business is for all 
commers is what makes people to jump in and out of the business. 
For a successful aquaculture venture, there must be steady and 
regular supply of fish seed and feed and at affordable prices too. 
Similarly, the need for processing and value addition cannot be over 
emphasized to reduce post- harvest loses (Enugiugha and Nwanna 
(1998) as fish is highly perishable. In year 2000, Nwanna and 
Fatunla discussed the essentials for fish fingerling as a small-scale 
business that could be expanded by investors. Similarly, Nwanna 
(1998) discussed the economics of Catla catla and Cirrhinus 
mrigala and identified that given some assumptions and the 
prevailing marketing forces, the business would be viable. In 
another development, Nwanna and Ogunsuyi (2009) studied 
marketing values of some aquaculture fishes vis-vis the imported ice 
fishes. The findings showed that the costs of fresh and smoke-dried 
cultured fishes were about 40% more than the imported fish with 
similar processing methods. Another experience from that study is 
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that people prefer to patronize the Oja-Oba Market even when the 
prices there are slightly higher than in other markets within Akure 
metropolis.

6.0.  ECOTOXICOLOGICAL STUDIES
Mr. Vice Chancellor Sir, in 1987, the father of Wildlife in FUTA, 
Prof. T.A. Afolayan (late) presented Inaugural Lecture titled Man's 
Inhumanity to Nature: The over exploitation of wildlife resources. I 
stand here today to remind this respected audience that Man's 
inhumanity to aquatic biodiversity persists and has adversely 
affected the dynamics of the ecosystem leading to degradation of the 
system, non-regeneration, extinction and reduction in species 
diversity. It is hard to believe that human beings are using substances 
that are fish mass killers “Ogbunigwe” such as gamalin, chemicals, 
herbicides, and ichthyotoxic plants for aquatic organisms cleansing 
because of greediness (Fig. 17). It is hard to imagine a situation 
where industrialists discharge effluents into the water to cause the 
death of organisms and collapse of the ecosystem. It is also 

stunfortunate that in this 21  century, people still wash their clothes 
with detergents in our water ways and rivers thereby causing 
ecosystem tragedy. All these puzzles influenced my research into 
ecotoxicology. Toxicology simply means the study of science of 
poison in nature. A poisoned water is a sick water and the sickness 
can be transferred to people after consuming the poisoned fish or 
using the water for other domestic purposes.

 

Fig. 17. Example of anthropogenic effect (ecosystem cleansing) 
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In order not to produce fish in poisoned or sick waters Nwanna, 
Fagbenro and Ogunlowo, (2004), investigated the ecotoxicological 
effects of a textile mill effluent directly discharged into a river close to 
Ondo State. The results showed no lives within 15m from the point of 
effluent discharge, and high concentration of heavy metals, (Table 10) 
and the LC  of such effluent was determined. These adverse effects 50

were communicated to the Head of the community and they ensured 
that the textile mill industry was relocated from that area.
Similarly, some-time in the past, a palm oil processing plant/company 
in Ondo State discharged their effluent into the river which caused loss 
of biodiversity. The devastating effects prompted Nwanna, 
Akinsorotan and Fasakin (2008) to investigate the impact of the palm 
oil effluent on the river's biodiversity. Our findings showed no lives in 
the area of heavy palm oil effluent discharges. And there was high 
heavy metals concentration in the area and the LC  of the effluent was 50

calculated. We went further to develop predictive models using some 
key water quality parameters usually used as indices for 
environmental pollution. These models are presented in (Table 24) 

Table 24. Linear regression analyses of the physico -chemical properties of water 
samples  from the different water strata  
Relationship  R2 value (%)  Regression equation    
Conductivity /DO 72.1  Conductivity = 1.54 -0.17DO   
DO/Temp   49.9  DO = 72.0 -2.45Temp   
COD/BOD  97.9  COD = 12.5+2.77BOD   
Conductivity/BOD  91.2  Conductivity =0.087+0.017BOD  
BOD/Temp  82.9  BOD = -917+34.8Temp   
Conductivity/COD  94.1  Conductivity = 0.005+0.006COD  
COD/Temp  80.9  COD = -2522+96.2Temp   
Conductivity/Temp  88.2  Conductivity = -17.1+0.65Temp  
DO/pH              78.8   DO = -20.2+3.85pH   

      Source: Nwanna, Akinsorotan and Fasakin (2008)  

Similarly, some communities living along the river banks in Nigeria 
are fond of washing their clothes inside the river. They use different 
types of detergents without knowing the effects on the living 
organisms in the rivers. Nwanna, Fagbenro and Adisa (2000) 
therefore conducted toxicological studies on the effect of detergents on 
the fish, and found massive killing of fish eggs, fry, juveniles and 
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adults. And the sublethal effect was bioaccumulation of the detergents 
in the tissues of fish which is dangerous to people that consume fish 
caught from such detergent polluted waters. 
Mr. Vice Chancellor Sir, it is on record that many fishing communities 
in Nigeria use ichthyotoxic indigenous plants to harvest fish from the 
wild. This obnoxious fishing method is very devastating to the aquatic 
organisms because it has no discrepancy on the age, size or type of fish 
species to kill. It is a true 'Ogbunigwe'. Concerned about the 
destructive nature of this type of fishing, Nwanna, Ogundele, 
Ogunmodede and Olarewaju (2003a, b) studied the effects of a 
particular popular ichthyotoxic plant (Parkia clappertoniana) using 
static bioassay involving Nile tilapia. We determined the LC of the 50 

plant on Nile tilapia (Table 25) and found that this toxic plant can kill 
the eggs, fish fry, juveniles and adults depending on the concentration. 
Definitely this is one of the reasons for reduction in fish stock and 
catch per unit effort. Finally, Ondo State has huge deposit of Bitumen, 
therefore Nwanna, Agbebi and Oyewo (2008) determined the LC  of 50

Cutback (CMO) Bitumen on African catfish. Our findings showed 
devastating damages on the body and internal organs of the fish 
leading to fish death. Therefore, as the country prepares for industrial 
and commercial production of bitumen, extreme care must be taken to 
prevent incidence of bitumen pollution and degradation of the water 
environment and mortality of aquatic organisms. Detailed results of 
the LC  of some of the studies we conducted are presented in Table 50

25.
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Table  25.                                LC 50 of toxicants to some fish species    

Toxicants/Fish species  LC50   References 

Potassium Permanganate/  
    African catfish 8.48-9.98mg/l 

 
Salami & Nwanna (199 6) 

Heterobranchus bidorsalis  4.34-5.12mg/l   Salami & Nwanna (199 6) 

Sodium Chloride/African 
catfish 11.3g/l   Jegede, Fagbenro & Nwanna (2007)  

Parkia 
clappertoniana/Clarias  2.04g/l 

 
Nwanna, Ogundele, Ogunmodede  

    
& Olerewaju (2003)  

Parkia clappertoniana/Nile 
tilapia 1.48g/l 

 
Nwanna, Ogundele, Ogunmodede  

        & Olerewaju (2003)  

Gramazone/Nile tilapia  0.08g/l 
 

Nwanna, Fagbenro & Kayode (2003)  

Detergent (Omo)/Nile tilapia  0.05g/l   Nwanna, Fagbenro & Kayode (2003)  

Palm oil effluent(POME)/  
    Nile tilapia 9.19ml/l   Nwanna, Akinsorotan & Fasakin (2008)  

Parkia 
clappertoniana/tadpole  

    Buffo regularis  2g/l 
 

Nwanna & Ogundele (2001)  
Tephrosia vogelli  

    Buffo regularis  4g/l   Nwanna & Ogundele (2001)  

Cutback (MCO)Bitumen/  
    African catfish 21.3ml/l   Nwanna, Agbebi & Oyewo (2008)  

NPK 15:15:15 Fertilizer/  
    

African catfish 4.84g/l   Nwanna & Ogundowole (2017) 

Locust bean effluent/African 
catfish 89mg/l 

 
Anyanwu, Nwanna  

        & Bello Olusoji (2013)  

Textile effluent/African 
catfsh 12.1 ml/l 

 
Nwanna, Fagbenro & Ogunlowo (2004)  

Textile effluent/Hybrid 
catfish 11.5 ml/l   Nwanna, Fagbenro & Ogunlowo (2004)  
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7.0  CONCLUSION
Mr. Vice Chancellor Sir, in the course of preparing this lecture, my 
greatest worry was how to make the presentation that every-one 
who attended the lecture, would have something to take home. And 
I believe that I have been able to achieve that.
My concluding remarks include:

• Nigeria has no business with importation of fish and fish 
products because all the water and human resources are 
sufficient to produce enough fish for the citizenry and 
exportation. However, lack of stringent and deterrent policies 
and unsuitable environment have resulted in the problems of 
not producing enough fish in Nigeria.

•  Among the factors militating against adequate fisheries 
production in Nigeria are inadequate fish seed and feeds, 
mono-aquaculture of African catfish, destruction of the 
mangrove ecosystem, environmental degradation including 
sand miming and pollution of the water bodies and climate 
change.

• The menace of phosphorus in fish production facilities can be 
regulated by the determination of P requirements of fish 
species; and application of phytase in diets when it is well 
treated and appropriate dosage applied.

• Protein and amino acids requirements of fish species must be 
determined to avoid waste of money; and protein/amino acid 
toxicity that results in reduction in fish growth performance

• Utilization of probiotics in fish nutrition enhanced fish growth 
performance and the immune system. Therefore, probiotics 
can serve as alternative to antibiotics in fisheries production.

• The use of alternative/unconventional fish feeds must be 
encouraged to reduce the costs of fish production which will 
make fish cheap and affordable by the people.

• Aquaculture business is not for all comers, and the success 
must be built on a sound feasibility study and the use of experts.

• Adiabatic plants can enhance the production of all male 
Tilapias and improvement in the survival and growth 
performance.
. 
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• Finally, producing fish in healthy waters will ensure 
production of sanctified fish food so that Nigerians will 
continue to eat fish forever.

8.0  RECOMMENDATIONS
Mr. Vice Chancellor Sir, Nigeria has abundance human and natural 
resources to be self-sufficient in Fisheries production and 
exportation for foreign exchange earnings. Based on the above 
premise, I hereby make the following recommendations.

1. Fisheries is a professional course and should be chattered 
with a national directorate and director who should be 
saddled with the responsibility for coordinating fisheries and 
aquaculture production programmes in Nigeria.

2. The practice of multi-species aquaculture must be enforced. 
Government should make funds available for the studies on 
culturable wild indigenous fish species to complement the 
cultivation of African catfish. This can be done through 
genetic improvement of the indigenous fish species to boost 
production as most of the exotic fish species don't thrive 
very well to support the aquaculture production.

3. Fish seeds and feeds remain the bases of successful 
aquaculture programmes. Therefore, government should 
establish hatcheries and fish feed mills that will be able to 
produce and supply the fish seed and feeds needs for 
aquaculture.

4. Establishment of fisheries cooperative societies and fish 
farmers associations should be encouraged and community 
participation approach must be employed in the management 
of capture fisheries.

5. There must be viable and effective fisheries extension and 
communication programmes that will ensure that all the 
research findings from the institutions across the country are 
harnessed and disseminated to the end users who are the fish 
farmers. 

6. Government should encourage the blue revolution by 
establishing fish farm settlements in all the river rine areas in 
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the country.
7. As the study of fisheries is now a subject in WAEC and 

NECO, government should establish demonstration fish 
ponds/farms in secondary schools so that the students should 
learn the rudiments of fish farming while still young.

8. Industrial fishing sector and particularly the shrimping 
projects should be re-invigorated for local fish production and 
export earnings.

9. Government should reactivate all the River Basin 
Development Authorities for job creation and boosting 
fisheries production.

10. Government must enforce strict regulations on the pollution 
and use of obnoxious fishing methods in Nigerian waters 
and offenders must be given deterrent punishments.

11. Government should make strong policies against grabbing of 
the mangrove ecosystems that the big people in Nigeria are 
converting to buildings and hotels; and 
restocking of the major water bodies in Nigeria should be 
encouraged to boost fisheries production. 

12. Government should provide pipe borne water for all 
communities to discourage them from washing of clothes 
into rivers because the detergents they use are sources of fish 
kills.

13. Finally, instead of not getting it right, government can 
engage the services of some foreign experts to complement 
the locally available manpower resources in Nigeria, all 
geared towards self-reliance in fisheries production. (Iron 
sharpneth Iron and they become sharper).
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