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GLACIAL AND INTERGLACIAL VARIABILITY OF THE
NIGER RIVER DISCHARGE INTO THE GULF OF GUINEA

Adegbie Adesina

Nigerian Institute for Oceanography and Marine Research,
P.M.B. 80108, Victoria Island, Lagos State, Nigeria.

ABSTRACT

Stable oxygen isotope (8'80) ratios of planktonic foraminifera
Globigerinoides ruber (pink) and Globigerinoides sacculifer from Niger
fan deep sea sediments have revealed the variability of the Niger
river discharge into the Gulf of Guinea for the last 245,000 years.
Analysis of Meteor core GeoB 4901-8 (02°40.7'N, 006°43.2'E: water
depth 2184 m), showed glacial and interglacial climatic oscillations
in the Late Quaternary over the tropical eastern Atlantic. During
glacial periods, the oxygen isotope values are high and very low
during interglacials. High negative 5180 values of G. ruber (pink) up
to -3.2%o0 were recorded in these sediments, this value is very low
when compared with the 380 G. ruber (pink) record from the
Congo fan. Similarly, low values up to -2%. during interglacials
were recorded in the difference between the oxygen isotope values
(Ad180) between shallow-dwelling planktonic foraminifera G. ruber
(pink) and G. sacculifer. Apart from indicating oscillating climatic
conditions in the Late Quaternary, very low values of 5180 ratios of
G. rubber (pink) also record periods of surface ocean freshening.
The Ad180 (G. ruber - G. sacculifer) record gives credence to the fact
that there was significant increase in the Niger river discharge
during warm periods.

Keywords: glacial and interglacial, Niger fan, Stable oxygen isotope,
planktonic foraminifera, Fe/Ti ratios, Africa climate change.




1. INTRODUCTION

Paleoenvironmental conditions over Africa have been a subject of
interest among earth scientists. Many studies have been conducted
to unravel what the African climate was like especially in the
Quaternary. Continental studies on lake levels (Street and Grove,
1976), sand dunes (Sarnthein, 1978) and also on marine sediments
(Adegbie et al., 2003; Pastouret et al., 1978; Schneider et al., 1997;
Zabel et al., 2001) have all shown that the African climate and
paleoenvironment are influenced and may be controlled by a suite
of complex processes. It is known that the African monsoon
strongly influence the African terrestrial climate on one hand and
also the surface water hydrography of the surrounding marine
realm on the other hand. These are recorded in paleoceanographic
and paleoenvironmental proxies such as oxygen, nitrogen and
carbon isotopes, alkenones, etc. Unfortunately not much has been
done in correlating between the African monsoons and
precipitation changes. More studies are therefore needed in order
to correlate between the African monsoonal precipitation changes
during glacial and interglacial periods.

Such correlations can better be done with the study of deep-sea
cores close to the continent that could provide continuous record
for several thousand year (kyr) cycles. The Niger deep sea core
provides such opportunity. Oxygen isotopes of planktonic
foraminifera from the Niger deep sea fan sediments were analysed
to provide paleoenvironmental information that allows
reconstruction of precipitation changes and sea surface
hydrography in the basin. The paper further discusses the history
of the Niger river discharge into the tropical east Atlantic surface
ocean under the influence of varying climatic conditions during the
past 245, 000 years.

2. HYDROGRAPHY

The modern hydrography of the Gulf of Guinea where the Niger
Delta fan is located is tightly coupled to the regional atmospheric
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circulation of the region and could be best described in relation to
the general hydrographic and atmospheric conditions of the eastern
equatorial South Atlantic. Peterson and Stramma, (1991); Wefer et
al., (1996), described in details the hydrography of surface and
subsurface waters of the South Atlantic. In the tropical east
Atlantic, the surface warm currents comprise the Guinea Current
(GC) which runs parallel to the west coast of Africa, the south
equatorial current (SEC) which runs in the opposite direction, and
the Angola current (AC) which runs southwards along the
southeastern coast of the Atlantic (Fig. 1). The cold surface waters
are the Benguela Coastal Current (BCC) and the Benguela Oceanic
Current (BOC). They respectively transport cold nutrient-rich
waters coming from the low latitudes of southern Africa and the
Indian ocean towards the southeastern coast and the open central
gyre. Other currents are the subsurface South Equatorial Counter
Current (SECC) and the Equatorial Under Current (EUC). The
combination of local and remote wind forcing is said to be
responsible for the large variability of the surface currents in the
south Atlantic (Richardson and Walsh, 1986). Owing to the Coriolis
force, air moving from the subtropical high pressure area to the
equatorial low pressure zone is diverted to the west of the equator.
Thus, the SE-trades emerge. The EUC is a fast-flowing
undercurrent extending between 5°N and 5°S parallel to the
equator in water depth of 50-125 m (Peterson and Stramma, 1991).
The current runs throughout the year and is present along the
entire equatorial Atlantic.
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Figure 1: Location of GeoB 4901-8 and the current pattern in the
Gulf of Guinea

The interactions of these currents coupled with the strong influence
of the southeast trade winds as already mentioned above might
cause the shoaling of the thermocline and the nutricline and
sometimes result in oceanic upwelling (Schneider et al., 1994).
Coastal upwelling signals has been well documented in the Angola
basin (Voituriez and Herbland, 1981) so also are seasonal upwelling
cells reported (Diedhiou et al., 1998) along the coast of West Africa
and near the coast of Gabon.

3. MATERIALS AND METHODS

Sediment samples from gravity core GeoB 4901-8 (02°40.7'N,
006°43.2'E) at water depth of 2184 m, taken from the Niger deep sea
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fan were analysed. The core was retrieved during the first leg of RV
Meteor Cruise Nr. 41 (M41/1). Core recovery technique is well
described in (Schulz et al., 1998).

The core was sampled at 5 cm intervals. During sampling, 10 cm3
syringe samples were taken. The core samples were wet-sieved
over a sieve combination of 150 and 63um mesh sizes and dried
overnight at 50°C in the oven. The dried weights of each sieve (>
150 and 63um) were taken. For each sample, an average of thirty
specimens of G ruber (pink), twelve specimens of G sacculifer
(without final chamber) between the sizes of 350 and 400 um and
six specimens of Cibicides wuellestorfi of sizes > 250 um were picked.
Only tests that are undamaged were selected for isotope
measurements.

The stable oxygen isotope (5180) record of epibenthic foraminifera
Cibicides wuellerstorfi  (C. wuellerstorfi) was used for the
reconstruction of the age model (Fig. 2) because it best correlates
with the SPECMAP than the 8180 record of G ruber and G. sacculifer.
Although the 5180 records of G. ruber and G. sacculifer show typical
Late Quaternary pattern, they also strongly record local changes in
surface water temperature and/or salinity especially in the last
interglacial. This made the 580 record of C. wuellerstorfi the best
choice for establishing the age model. Using the AnalySeries 1.1
software programme (Paillard et al., 1996), the &80 record of C.
wuellerstorfi was correlated with the widely used marine oxygen
isotope stages (MIS) of the SPECMAP &80 stack (Imbrie et al.,
1984). Isotope ratios are measured using a Finnigan MAT 251
micromass spectrometer connected to a Kiel Automated Carbonate
Device. The -carbonate test is reacted with concentrated
orthophosphoric acid at 75°C. Isotopic results are presented in per
mil (°/00) using the standard isotopic delta notation (5) relative to
the Pee Dee Belemnite (PDB) scale. Conversion to the international
PDB scale was done using the NBS-18, NBS-19 and NBS-20
standards. Typical analytical precision of isotopic measurements of
calcite at the University of Bremen laboratory is better than +0.07
0/ o0, for 8180.



4, RESULTS

Sediment samples recovered from GeoB 4901-8 are fine-grained
hemipelagic mud of foraminifera ooze with varying amounts of
clay and nannofossils. The core gives an age model that date back
to MIS 8.0 with an age of about 245,000 years before present (Fig. 2).
Sedimentation rates are moderately high reaching a maximum of
12 cm/1000 years in cold conditions and as low as 5 cm/1000 years
during interglacials.

N
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Figure 2: Age model of core GeoB 4901-8. Arrows show the marine
oxygen isotopic events used as stratigraphic control points.

Figure 3 shows the results of the stable oxygen isotope records
plotted against time. An average of 3%. and 2.7%. amplitude
change were observed in the records of G. ruber (pink) and G.
sacculifer respectively, representing highly varied hydrographic
changes in the Gulf of Guinea for the past 245 kyr. The Holocene
and other interglacial periods penetrated by this core show a
marked decrease in the 5180 values of these two species. High
negative 880 values of G. ruber (pink) up to -3.2%0 per mil were
recorded in these sediments. Also, the 5180 record of G. ruber (pink)
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shows unusual distinct four peaks in MIS 5 which might be caused
by surface water freshening (Fig. 3).

5. DISCUSSION
5.1 Changes in Surface Water Hydrography

Considering the location of core GeoB 4901-8 on the Niger fan (Fig.
1) it is expected that the 5180 records of G. ruber (pink) will not only
respond to global ice volume changes but also to changes in
continental rainfall intensity. This specie of planktonic foraminifera
is well known to inhabit very shallow water depth and could
tolerate relatively large changes in temperature (16-31°C) and
salinity (22-49%.) (Hemleben et al., 1989). It is also known to
flourish during increased river discharge (Pastouret et al., 1978;
Schneider et al., 1997). Zabel et al., (2001) attributed the low
carbonate content (0.1-36.1 wt %) of the sediments from this Niger
fan core to the dominance of terrigenous materials that are mainly
supplied by the Niger river. Peaks of low 6180 values of G. ruber
(pink) up to -3.2 %o observed in the Holocene as well as other
interstadials of warm periods penetrated by this core indicate
significant hydrographic changes due to fresh water dilution by the
Niger river. These values when compared with those observed at
the Congo fan (Schneider et al., 1997) and the Niger delta
(Pastouret et al., 1978) could be interpreted as periods of large
surface water freshening.
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Figure 3: Stable oxygen isotope (6!80) values for Globigerinoides ruber (pink),
Globigerinoides sacculifer and Cibicides wuellerstorfi plotted on the age
scale.

Variations in the local hydrography could also be inferred from the
measured Ad!80 (G. ruber — G. sacculifer). Analysis of plankton tows,
core top samples and culture experiments (Erez and Luz, 1982;
Fairbanks et al., 1982; Mulitza et al., 1998) already discussed the
vital effect, temperature sensitivity, habitat depth and temporal
distribution pattern of these species. Both species are said to be
tropical and shallow dwelling living in the upper water column
and could tolerate wide range of sea surface temperatures and
salinities (Hemleben et al., 1989). Nevertheless despite the
similarities these species still exhibit differences in isotopic signal
down-core (Fig. 3 and 4). Although G. ruber (pink) tend to record
more negative 6180 values than G. sacculifer, both are known to
record &80 values lighter than the average 1.5%o0 annual 8180 value
known for the Holocene.
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Using the 06180 difference between shallow and deep-living
planktonic foraminifera to decipher surface water stratification.
Mulitza et al., (1997) recorded a difference of up to ~3%o in the
tropics. Evidence from core-top studies (Duplessy et al., 1991;
Mulitza et al., 1998) show that most of the shell material from G.
ruber and G. sacculifer are secreted in the mixed layer of the ocean.
In the Niger fan core, the Ad!80 values vary between -2.21%o and -
0.16%o0 with an average offset of about 2%o. dominantly resulting
from temperature and salinity changes in the upper water column.
If the global ice volume effect is assumed to be negligible, on one
part, this difference may indicate changes in the seasonal
distribution pattern of the species, in which case Ad!O values
might be a function of seasonal fluctuations in Sea Surface
Temperature (SST) (Mulitza et al., 1998). Secondly, due to the
location of the core, Ad8O signal may indicate local salinity
changes due to surface water freshening by the Niger river
discharge. An average of 2% Ad180 value recorded between these
species is not expected to be solely caused by SST changes.

5.2  Climatic Implications

Comparison of the Ad180 signals with orbital insolation at latitude
10°N (Fig. 4) a position where the low pressure cells over central
Africa sits during boreal summer shows that at periods of
maximum insolation, there is corresponding high spikes in Ad180
values. The variation in the intensity of the summer insolation
more or less corresponds with amplitude of the Ad!80 for the late
Quaternary. This shows the sensitivity of the surface ocean
hydrography to changes in atmospheric conditions on the African
continent. During warm climatic conditions for example in MIS 3, 5
and 7, Ad180 values are significantly more negative sometimes up
to —2.3%0 showing significant surface water freshening due to
increased Niger river discharge into the Gulf of Guinea. It is
therefore reasonable to say that periods of warm interglacial
conditions are accompanied with wet conditions as contrasted with
periods of cold and dry glacial climatic periods.
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6. CONCLUSIONS

Very high negative 8180 values up to —3%o recorded for the shallow
dwelling planktonic foraminifera G. ruber (pink) indicate large
freshwater discharge from the Niger river, marked by high
precipitations and significant salinity reduction over the drainage
area mostly during interglacial periods. Although the absolute
amount of change in sea surface temperature and salinity cannot be
fully established with the A8'80 (G. ruber — G. sacculifer) record, the
2.3%0 0180 change between these species is high. Since SST is
known to be fairly constant in this tropical part of the ocean (Zabel
et al., 2001), high value of A880 is thereby suggested to be due to
increased river input causing surface water freshening. The climate
over central and western Africa as recorded in the stable oxygen
isotope composition of G. ruber and G. sacculifer tests when
compared with the SPECMAP shows alternating glacial and
interglacial climatic conditions averaging 50,000 year duration.
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Figure 4. Downcore variations of A3180 (G. ruber — G. sacculifer) versus Fe/Ti
ratio and insolation at 10°N. The Fe/Ti ratio indicates enhanced or less
chemical weathering by high (interstadials) or low (stadials) terrigenous
Fe input.
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STRUCTURE OF AQUACULTURE MARKET IN PERI-URBAN
ZONE OF LAGOS STATE, NIGERIA

Adeogun, O. A, O. A. Ayinla; A. Oresegun; H. K. Ogunbadejo; O. R.
Oguntade; Alhaji Tanko; M. B. Hamzat and Megbowon, I.

Nigerian Institute for Oceanography and Marine Research
Victoria Island, Lagos.

ABSTRACT

The knowledge about the extent to which fish markets are
structured is crucial for the success of commercial liberalization
policies. This study presents an analytical framework for the
market structure including descriptive analysis of the market
network of aquaculture industry in the peri-urban zone of Lagos
State, Nigeria. The results of the step-wise regression model shows
that distance to rail, air export and other markets all combined to
explain 78.6 percent total variation in dependent variable
(quantity). Results in the latter case show that the effect of some
structural factors appears to be strong in the measure of market
structure. The policy makers may use this information to prioritize
infrastructure budgets and allocate more funds to increase the
degree of integration and development of market institutions
designed to link peri-urban fish producers with the rapidly
growing urban markets.

Keywords: Market, structure, peri-urban, agquaculture.

1. INTRODUCTION

The production of seafood by aquaculture is growing rapidly in
many parts of the world. According to the United Nations Food
and Agriculture Organization (FAO, 2003), one-quarter of the
world’s total seafood production of 130 million metric tonnes (mt)
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per year is now produced by aquaculture. A substantial portion of
the world’s total aguaculture production occurs in the countries of
Southeast Asia especially China. FAO FISHSTAT Plus observes that
aquaculture has the potential to grow significantly in Sub-Saharan
Africa (SSA). The SSA contribution of 72,334 tonnes to the African
total in 2003 was a mere 0.13 percent of the world total. While
Nigeria is reported to have maintained its leading position in terms
of volume 30,677 tonnes and value US$77,253, 000 (Hecht, 2006),
FAO (2006) reports that Nigeria doubled its production from 15,000
tonnes in 1994 to over 45,500 tonnes in 2006. The observed shifts
have been attributed to changes in market demand (Shimang,
2005). In terms of price, there is a significant change in the price of
fish. Nigeria is reported to have the highest average urban fish
price of around US$4.10 per kilogram (Hecht, 2006). It would be
interesting to relate the evolution of the Nigerian aquaculture
industry to fish price coupled with declining supply from capture
and rising demand for fish products. According to Shimang (2005),
the major jump in production during the period of 1988 — 1989 from
6,000 tonnes to 25,000 tonnes, was linked with an increase in the
price of fish at that time. Here, we analyze the potential for the
future expansion of aquaculture in Lagos State, Nigeria, and also
consider how this potential might be constrained by infrastructure,
notably fish market. There are several reasons to study this specific
market.

First, the contribution of food fish from peri-urban to urban zones
often goes unnoticed and curiously, little attention has been paid to
understanding the complementary relationship between market
supply chain in peri-urban and urban zones. Urban and peri-urban
agriculture are increasingly understood as the key to guaranteeing
food security, especially for the most vulnerable - children and
women (laquinta and Drescher, 2001). Urbanization as we all know
affects all sectors of food supply system. As urban population
increases, more food needs to be transported and distributed to
cities. Changing food habits of urban dwellers modify the food
production systems in rural and peri-urban areas. On the
production side, rural and peri-urban agriculture become more
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market oriented, i.e. more input-oriented and less diverse in terms
of variety of product (Waibel and Schmidt, 2000). Second, the
seafood market is a relatively simple market. It is well defined and
well structured compared to a market economy (NIOMR, 2006).
Third, the lack of adequate infrastructure is most often advocated
as the principal reason for the poor progress of aquaculture
product marketing (Brummett, 2005). According to Brummett,
“market failures are posited to lie chiefly behind the failure of
aquaculture to develop beyond a subsistence oriented scale. The
positive impact of market incentives on the scale and intensity of
fish production is clearly established through a comparative
analysis of two groups of fish producers differentiated by the
location of their market in either the peri-urban or rural zones of
southern Cameroon. In the peri-urban domain, prices were 48
percent higher, the number of buyers was three times greater, and
the average purchase per customer was nearly double that of the
rural domain. In response to these structural differences, producers
in the peri-urban domain sold 300 percent more fish per harvest,
were 72 percent more productive per unit area and had 11 times the
production scale of producers in the rural domain. There appears to
be an urgent need to connect rural producers to urban markets in
order to foster the growth of aquaculture in SSA”.

However, the market chain of commercial farmers in the country
differs widely and depends entirely on the product, scale of
operation and the target market. The chain for fish from
commercial farms sold in peri-urban or urban markets is from
producer to buyer or wholesaler / retailer to consumer. Market
structure is also important for the farmers. If their product
competes in large market, increased aquaculture production will
have only a limited price effect. This may make it easier for the
industry to grow than in the case where there are few or no
substitutes, and the farmers have to create the market for their
product.

Fourth, our empirical example will focus on catfish. This has two
main reasons. The most important is that catfish is clearly the most
studied and cultivated seafood species when it comes to market
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knowledge in Nigeria. In fact, it is the only species where there is
substantial academic literature on the topic. Moreover, it is also in
many ways the species for which most innovations have taken
place technologically as well as market wise. African catfish is the
species which most likely has experienced most of the potential
market interaction and structure. Hence, we examined the structure
of aquaculture market in peri-urban zones of Lagos State, Nigeria.

2. ANALYTICAL PERSPECTIVE

Previous studies regarding market structure of seafood have
tended to focus on the following: product specific factors such as
ease of preparation, taste, appearance and health (Richardson et al.,;
1993; Engle and Kouka, 1995; Wessels, et al.,1996); socioeconomic,
demographic lifestyle factor (Kinnucan and Venkateswaran, 1990;
Kinnucan, et al., 1993; Herrmann, et al., 1994; Nauman et al., 1995;
Gempeaw, et al., 1995; Nayga and Capps, 1995; Cortez and Senauer,
1996); economic factor (Cheng and Capps, 1988; Burton, 1992;
DeVoretz and Salvanes, 1993; Asche, 1996); aggregate seafood
consumption levels and characteristics, e.g. the National Food
Survey in the UK; fish marketing and credit (Lem, et al., 2004); and
fish marketing analysis (Pomeroy and Trinidad, 1995).

Analyses of each of these groups of factors have been dominated by
several different disciplines, each using its own analytical
approach. While economists tend to focus on the relationships
among prices, quantities and income, studies of the influences of
socioeconomic factors have been dominated by marketing
perspective. Analysis of how product attributes and lifestyle factors
are perceived by consumers has been carried out under social
psychology perspective. The orientation of the present study is the
structure of catfish market and how structure influences the
performance of the industry in order to make a contribution to the
improved marketing of catfish in the State.
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3. DATA

The data regarding fish market structure was collected from
markets situated within the peri-urban zones of Lagos State,
Nigeria using structured questionnaire between June 2003 and
December 2005. The zones are Badagry, Ikorodu, Eti-Osa, Ojo and
Epe or Far East (Figure 1).

Legend
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Figure 1: Administrative map of Lagos State showing study areas

The interview comprised questions regarding market participants,
channels, arrangement, number of buyers and sellers at each
market level, volume of trade handled by each buyer/seller, entry
barrier (capital cost, scale economies, marketing costs and margins.
The markets were randomly selected. The target population
included all categories of farmed fish traders irrespective of age
and gender. Eleven markets were studied (Table 1) and these were
located and identified with the aid of Geographic Positioning
Satellite (GPS).
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Table 1: Distribution of fish market sampled in Peri-urban zone, Lagos State

Agbalata Western zone

ZONE MARKET COORDINATE
Badagry Alagbata
Ikoga 6° 25.448"N; 3° 50.908E
Moba

6°26.194° N; 3°0.947" E

Epe (Far East) Epe 6° 36.779" N; 3°42.380" E
Ikorodu Igbogbo 6°35.512" N; 3°31.015 E
Owode 6° 36.648" N:3°30.794" E
Ojo Morogbo 6° 30.005" N; 3°05.854" E
Okokomaiko 6°28.276" N; 3°11.313' E
Eti-Osa Olorunseyi 6° 30.658" N; 3° 36.963" E
Badore 6° 30.655" N; 3° 36.966" E

Source: Field survey, 2005
4. EMPIRICAL ANALYSIS

Information collected were coded and incorporated into database
using Statistical Package for Social Science (SPSS) software.
Descriptive statistics were employed to describe the respondents in
the chains, their operations and performance, using means, modes
and percentages. Since descriptive approach contains little
statistical analysis and reaches conclusion regarding performance
and efficiency based on the researcher’s subjective assessment, the
study also proceeded to employ industrial organization approach
which is a standard tool for the analysis of markets. This theory
tells us that the market structure determines market conduct and
thereby sets the level of market performance. Regression analysis
was used to identify structural factors affecting market
development in the zone. The model specification was as follows:
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@¢= f (d1, d2, ds, dg, &i) - (1)
Dt = o+ P11 + fod2 + P3d3 + fada - 2
where,

@y is the quantity supplied to a market at a point in time; ,BO is the

intercept; B1- 4 are the parameters to be determined; di to ds represents
market distance to the main road, rail, air-export to other markets
respectively and e; is the stochastic disturbance.

5. RESULTS AND DISCUSSION

The results in Table 2 indicate the nature and characteristics of
market in the peri-urban zones of Lagos State. Ten (90.9 percent)
out of the market surveyed were mixed retails and wholesales with
various goods, foods and services while one representing
9.1percent was mixed goods and food only. There is no specific
market devoted for the sales of fish. The opening day for each
market varies from one location to another. Findings revealed that
nine (81.8 percent) of the market open every day; weekly market
and every four to six days markets had 9.1 percent each. One major
common characteristic of these markets was that, the markets
opened as early as 7.00am to 7.00pm. The catfish markets sampled
usually opened for business from 2.00pm and closed around 8.00
pm each day except Sunday when most farms did not open for
business.
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Table 2: Market characteristics in Peri-urban zone, Lagos State

MARKET
CHARACTERISTICS FREQUENCY | PERCENTAGE (%)

Market type

Mixed goods and food 1 9.1
Mixed retails and wholesales 10 90.1
Mixed food 0 0.0
Fish market only 0 0.0
Open Day

Daily 9 81.8
Weekly 1 9.1
Every 4 — 6 days 1 9.1
Rotational 0 0.0

Source: Field survey, 2005

Table 3 depicts the findings on the structure and infrastructures
obtained in the study areas. Almost all the markets ten (90.9
percent) in the peri-urban zone were open to sky. Various traders
were seen displaying the wares openly while the traders sometimes
used umbrella as a shade during rainy or hot season (Fig. 2).
Modern shopping malls or stalls were generally lacking. Because of
the open nature of the markets, many infrastructures such as water
supplies, toilets, electricity, washing facilities storage facilities were
absent. Packaging of catfish was non-existence. Fish were either

consumed fresh as ‘pepper soup’ or smoked.




Adeogun et. al., NIOMR Technical Pub. Volume 1 (2008) 14- 32 22

Fig. 2. A typical open to sky market in Ojo Local government

Table 4 illustrates the products forms and sources. Fishermen and
fish farmers formed the bulk of the major producers and suppliers
of fish to most markets in the peri-urban zone. Studies showed that
capture fisheries contributed 72.7 percent of fish supplied while
farmed fish contributed 27.3 percent. Various kinds of fish, species,
forms, quantity and quality were found in the study areas. Fresh
fish was the most frequent accounting for 63.6 percent and
processed fish which include whole fish whether round or gutted,
sliced, frozen, smoked and fried accounted for 36.4 percent. Live
fish in which 54.5 percent traders marketed were also seen in all the
markets.
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Table 3: Infrastructure facilities obtained in Peri-urban zone, Lagos State

STRUCTURE AND
INFRASTRUCTURE FREQUENCY PERCI(EOL\I)TAGE
FACILITIES 0

Market structure
Open to sky 10 90.9
Partly covered 1 9.1
Stall 0 0.0
Shopping mall 0 0.0
Water supplies
Yes 1 9.1
No 10 90.9
Ice provision
Yes 2 18.2
No 9 81.8
Storage (Cold room/refrigerator)
Yes 2 18.2
No 9 81.8
Packaging
Yes 1 9.1
No 10 90.9
Toilet
Yes 1 9.1
No 10 90.9
Washing facilities
Yes 3 27.3
No 8 727
Electricity
Yes 4 36.4
No 6 54.6

Source: Field survey, 2005
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Table 4: Product forms and sources in Peri-urban zone, Lagos State

24

PRODUCT FORM AND

0,

SOURCES FREQUENCY PERCENTAGE (%)
Source
Capture 8 72.7
Farmed/culture 3 27.3
Quality
Fresh 7 63.6
Processed 4 36.4
Whole fish (Round and Gutted)
Fresh 8 2.7
Dried 3 27.3
Sliced into portion
Fresh 7 63.6
Dried 4 36.4
Fillet
Fresh Not Available
Dried
Bundled/basket/unsorted mixture
Fresh 2 18.2
Dried 9 81.8
Live
Yes 6 54.5
No 5 455
Frozen
Yes 9 81.8
No 2 18.2
Fried
Yes 2 18.2
No 9 81.8
Smoked
Yes 11 100
No 0

Source: Field survey, 2005
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5.1. Market channel

Farmed fish (Farm Gate)

Processors Wholesalers Retailers

Wholesalers

Retailers

\ 4 \ 4 \ 4 \ 4 \ 4
Consumers

Fig. 3: Market channel of fish products

Figures 3 show the flow of fish and fish products from the
producers to the final consumers. Wholesales are the major sources
through which fish products are channeled to the consumers in all
the markets surveyed. Only a few consumers or retailers had direct
access to the producers. Fish distribution channel from the peri-
urban zone to urban zone also assumes a significant importance in
the areas studied. Live catfish were transported from peri-urban to
urban zone with various means of transportation. The percentage
distribution from the zones was however not investigated in this
study.

5.2. Market Structure
Bain (1968) defined market structure as characteristics of the

organization of a market which seem to influence strategically the
nature of competition and pricing behaviour within the market.
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Most of the markets sampled can be described as oligopolistic, as
the number of sellers of products was not so large that individual
contributions are negligible. This finding was also reported by
Pomeroy and Trinidad (1995) and Lem, et al., (2004). Potential
barriers exist due to product differentiation (quality and species),
capital requirement, scale economies and institutional factors.
Capital barrier may serve as an entry barrier to those who cannot
afford capital outlay to enter the market. Pomeroy (1989) and
Scheid and Sutinen (1981) noted that initial capital costs provide a
restrictive entry barrier especially for small-scale fishermen.
Institutional factors can be in form of membership before the
commencement of the business.

Frozen Live capture
35% 36%

Smoked Live farmed

15% 14%

Fig. 4: Percentage distribution of traders by product form

Figure 4 above reveals the distribution of the traders according to
the products forms traded in the markets. The percentages of
traders engaged in live capture fisheries were found to be 36
percent compared with live farmed fish of 14 percent. Traders
selling frozen fish accounted for 35 percent while smoked fish
mainly from capture represented 15 percent.
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5.3.  Structural Factors affecting Fish Trading in the Zone

The results of the step-wise regression model are presented in
Table 6. With respect to equation 2, distance to rail, air export and
other markets all combined to explain 78.6 percent total variation in
dependent variable (quantity). This finding showed that the
regression equation has a very high explanatory power and the
regression line is a ‘good fit’. The F- and t-statistics were also
found to be highly significant (p>5). In terms of signs and
magnitude, only distance to air export conformed to the a priori
expectation while the other two variables were negative. In the
study carried out by Goletti and Farid (1994) on the structural
factors affecting rice market integration in Bangladesh, the effect of
some structural factors appeared to be strong across different
specifications of the measure of market integration. As expected,
distance negatively affected market. Road infrastructure has a
positive and significant effect and rail density also have an
unexpected negative effect especially for long-term multiplier.
Hence, identifying road infrastructure, rail, air export and linkages
with other markets in production could be the most important
factors affecting the development of aquaculture market in Lagos
State especially in peri-urban areas. A few policies emerge as a way
of developing the markets distribution support services. First, there
is an indication towards investing on road, rail, air and market.
Second, since fish is a highly perishable commodity, distance
between farm gate and market should be reduced, alternatively, a
strategy for facilitating the access of producers/marketers to urban
markets should be put in place. This will result in an expansion and
intensification of the industry while attracting new entrants.
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Table 6: Results of stepwise regression analysis — Linear function

Independent Regression

variable coefficient
Constant 2447.63
(958.03)

R2 R-2 F-ratio  t-statistics

dz -906.75** 0.698 0.622 9.241 2.662
(340.59)

ds 961.08** 0386 0318 5.668  2.865
(335.44)

Akt -103.37** 0850 0.786 13211 -3.016
(34.27)

Figure in parenthesis are standard error of the coefficients.
** Significant at 5% level.

6. CONCLUSION

This study had provided a formal analysis of the structure of
aquaculture markets in peri-urban zone of Lagos State, Nigeria. A
basic finding of this research was that the organization of the
markets cannot be described as being perfect as the number of
sellers of products is not so large that individual contributions are
negligible. Market barriers existed in all the markets studied. Some
of the potential entry barriers were due to demand a condition
which ranges from product differentiation to capital requirements.
The relation between market and structural factors was also
explored. Some policy implications have been drawn from this
study. Policy makers may use results from this study to apply
policies in a more efficient manner. Government has a crucial role
to play in creating the enabling environment for the development
of market-driven aquaculture. This includes provision of necessary
infrastructures as well as road improvement since fish is a
perishable commodity.
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THE UTILIZATION OF SORGHUM HUSK IN THE
NUTRITION OF TILAPIA (OREOCHROMIS NILOTICUS)
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ABSTRACT

Five iso-nitrogenous diet with a mean crude protein content of
27.72% were formulated to contain 0%, 25%, 50%, 75% and 100%
substitution levels of sorghum husk replacing yellow maize
respectively in the diets of Oreochromis niloticus. O. niloticus
average weight of 21.6g was reared in hapas stacked in concrete
tanks for 10 weeks. Feeding was carried out twice daily at 5% total
body weight. At the end of the experimental Treatment trials, the
highest weight gain of 16.65g was recorded in Treatment 1 (0%
sorghum husk). This was followed by treatment 2 (25% sorghum
husk) with a mean weight gain of 14.04g. The specific growth rate
was highest in Treatment 1 with 6.50%/day followed by Treatment
2 with 5.3%/day and the lowest in Treatment 5 with 2.20%/day.
The protein intake per week was highest in Treatment 1 (3.88/day)
and lowest in treatment 5 (3.30/day). The protein efficiency ratio
decreased with increase in the level of sorghum husk ranging from
4.29 in Treatment 1 to 1.56 in treatment 5. The analysis of variance
showed significant difference (P < 0.05) in the feed Treatment on
the growth of Tilapia (O. niloticus). Among the diets with sorghum
husk, diet 2 has the highest growth performance while diets 4 and 5
showed very low growth performance and nutrient utilization.
Sorghum husk diets performed fairly well as a feedstuff and
inclusion rate of 25% or even 50% could replace yellow maize in
Tilapia diet.

Keywords: Sorghum husk, Tilapia, Utilization, Nutrition.
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1. INTRODUCTION

Aquaculture or agua-farming is the husbandry of aquatic plants
and animals such as fin fish, shell fish, algae, kelp and seaweed.
Its practice range from the propagation of aquatic organisms under
complete human control to the manipulation of at least one stage of
the life of an aquatic organism e.g. rate of growth, reproduction
and feed conversion efficiency.

Aquacultural importance cannot be over emphasized since it
provides man with readily available fish for consumption.
According to Dada (2003), fish contributes about 40% of total
dietary protein of the average Nigerian and major supply is from
the capture fisheries. However, while industrial fisheries declined
from 36,226 tonnes in 1991 to 23308 tonnes in 2000, aquaculture
production increased from 15,804 tonnes in 1991 to 56,720 tonnes in
2000 (FDF, 2000).

Nigerian aquaculture production in 2000 including culture-based
fisheries in coastal and inland waters showed that tilapia
production was highest among the other fish species captured with
14,388 tonnes while fresh water cat fish (Clarias gariepinus, C.
anguillaris, Heterobranchus sp) had 9,385 tonnes and Brackish water
cat fish (Chrisichythis nigroigitatus, carps, Hererotis niloticus, Mullets,
Parachanna obscura and other fishes) had 8,003 tonnes. In 2005, Global
aquaculture production of O. niloticus was 1,700 metric tonnes
(FAO, 2005).

Tilapia (including all species) is the second most important group
of farmed fish after carp, and the most widely grown of any farmed
fish. In 2004 tilapia moved up to the eighth most popular seafood
in USA global production and is projected to increase from 1.5
million tonnes in 2003 to 2.5 million tonnes by 2010 with a sales
value of more than UE $5 billion. (FAO, 2005).

O. niloticus usually grow rapidly on formulated feeds with lower
protein levels and tolerate higher carbohydrate levels than many
carnivorous farmed species e.g. Clarias spp. It can breed easily and
their hardiness and adaptability to a wide range of culture systems
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has led to the commercialization of tilapia production in more than
100 countries. (USDA) 2001.

In developing countries however, manures and agricultural by-
products are used to produce tilapia (USDA, 2001). Yellow maize
is one of the major food crops known. It is processed into cereals,
cornflakes, pap and other food product for human consumption.
There is competition on the use of maize for animal feed and the
need to find substitutes for maize. The use of sorghum husk will
not allow for any competition with human food because it is an
agricultural by-product not utilized by human beings.

The objective of this study is to investigate the performance of O.
niloticus fingerlings on graded levels of sorghum husk substituted
diet as an appropriate and cheap feed stuff ingredient for tilapia.

2. MATERIALS AND METHOD

The experiment was carried out at the National Institute for
Freshwater Fisheries Research (NIFFR) New Bussa in Niger State
for a period of 10 weeks. Ten hapas, each of dimensions 1m x 1m X
1m were used. Each hapa was kept in place in the concrete ponds
with surface area of 100m2 (10m x 10m). The water quality
(temperature, pH, salinity, dissolved oxygen, conductivity, and
turbidity) was checked with the aid of Horiba Water Quality
Checker U22XD.

The fish used for the experiment were obtained from NIFFR
fishponds. They were acclimatized for 24 hours before they were
used for the experiment.

One hundred and fifty tilapia (O. niloticus) fingerlings were
selected with body weights ranging from 20 to 25 grammes. The
fish were assigned 15 individuals per unit to each of the five dietary
treatments. The experimental set up is shown in figure 1.
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Figure 1: The set up of Experimental Unit

Feed ingredient, sorghum husk were collected from Eagle Flour
Mill, Ibadan. The brewers’ wastes (spent grains) were collected
from Nigerian breweries, Ibadan. Blood meal, fishmeal, mineral,
premix, yellow maize and groundnut cake used were supplied by
Nigerian Institute for Freshwater Fisheries Research, New Bussa,
Niger State.

Five diets were formulated to contain 0%, 25%, 50%, 75% and 100%
sorghum husk in replacement of yellow maize in the basal diet.
The control diet was the one containing 100% yellow maize without
sorghum husk inclusion. The formulations are shown in Table 1.
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Table 1: Percentages Composition of Experimental Diets

TREATMENTS
INGREDIENTS | 1 11 v \Y4
Groundnut cake (kg) 15.12 | 15.12 | 15.12 | 15.12 | 15.12
Blood Meal (kg) 7.61 7.61 7.61 7.61 7.61
Fish Meal (kg) 12.37 | 12.37 | 12.37 | 12.37 | 12.37
Yellow Maize (kg) 43.90 | 3292 | 21.95 | 10.98 | 0.00
Sorghum husks (kg) 0.00 | 10.98 | 21.95 | 32.92 | 43.90

Brewer’s waste (spent grain) (kg) | 10.00 | 10.00 | 10.00 | 10.00 | 10.00

Oysters shell (kg) 2.5 2.5 2.5 2.5 25
Oil (kg) 6.0 6.0 6.0 6.0 6.0
Mineral/Vit. Premix (kg) 2.5 2.5 2.5 2.5 25
Total () 100 100 100 100 100
% Substitution sorghum Husk 0% 25% | 50% | 75% | 100%

The experimental fish were fed twice daily at 5% body
weight. The quantities of feed were then adjusted weekly in
accordance with weight gain of fish.

3. GROWTH AND NUTRIENT UTILIZATION INDICES
3.1 Means weight Gain per Week (g/week)

This was estimated from the total weight gain divided by the
number of weeks of the experiment.

3.2 Mean Weight Gain per day (g/day)
This was determined by finding the difference in weights before

and after experiment and dividing by the number of experimental
days.
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3.3  Total Percentage Weight gain (%)

This was calculated from the formula:

Weight gain  x 100
Initial Weight 1

3.4  Mean Weight Gain (g)

This was determined by finding the difference between the initial
and final weight (g) of experimental fish i.e.

3.5  Specific Growth Rate (SGR) (%)

Specific growth rate was calculated using formula:
LOGeW2 - LOGeW1 x 100

T2 - Tl
Where:
LOGeW1 = Logarithm of Initial weight
LOGe2 = Logarithm of Final weight
T1 = Initial time in Wk
T2 = Final Time in WK

3.6  Gross Efficiency of Food Conversation (%)

= 1 X 100
Feed Conversation Ratio

3.7  Feed Conversation Efficiency

= Weight gain
Food eaten
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3.8

3.9

3.10
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Protein Efficiency Ratio (PER)

= Net Weight Gain
Protein intake (Q)

Protein intake

Food Consumption x Percentage Protein
100

Total Feed intake
Summation of the total rate of feed fed per week
Production Protein Value (PPV)

Final Percentage Protein - Initial Percentage protein
Protein Intake

Experimental results were subjected to the Analysis of

variance. Computer (SPSS) Statistical Package for Social Scientists
was used for the analysis of correlation and regression on the
growth and nutrient utilization parameters at Computer Science
Department, University of Ibadan.

4.

RESULT

The result of the proximate composition of experimental diets is
presented in Table 2
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Table 2: Proximate Composition of Experimental Diets

PARAMETERS (%) | TREATMENT DIETS
1 11 v \Y4
Moisture 7.52 7.60 7.90 7.80 6.98
Ether Extract 8.98 9.86 9.72 9.56 10.10
Crude protein 27.69 | 27.25 26.81 28.32 28.55
Ash 14.40 15.01 14.32 16.15 16.20
Fibre 10.10 11.42 11.81 13.06 13.57
N.F.E. 31.31 28.86 29.44 24.00 24.50

4.1  Calculated on dry weight basis (%) weight

The average percentage crude protein value was 27.27% with the
maximum value 28.55% and minimum value 26.81% in diet 3 and
5 respectively. The fibre content ranged from 10.10% to 13.57%
with minimum value being 10.10% in diet 1 and maximum value
13.57% in diet 5 respectively (Table 2). The nutritional
composition of sorghum is presented in Table 3.

Table 3: Nutritional Information on Sorghum

Dry matter 94.00%
Total Digest Nutrients 83.00%

Net Energy for Lactation 0.87 meal/Ib
Net Energy for Metabolism 0.92 meal/lb
Crude Protein 34.40%
Crude Fat 9.50%
Crude Fibre 12.70%

Ash 0.16%
Calcium 0.74%
Potassium 0.38%
Magnesium 0.19%

Source: (USDA 2001)
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The highest weight gain of 16.65g was recorded in treatment 1 (0%
sorghum husk). This was followed by treatment 2(25% sorghum
husk) with a mean weight gain 14.04g. The lowest mean weight
gain of 5.15 was recorded in treatment 5 (100%0 sorghum husk).
There was a decrease in mean weight gain with increase in levels of
sorghum husk inclusion as shown in Fig. 1. There was a negative
correlation co-efficient (r = -0.98) in the mean weight gain.

The equation for correlation co-efficient is:
Y = 1661.0087 -0.98 15X

Total percentage weight gain was highest in treatment 1 (0%
sorghum husk) with 83.25% and least in treatment 5 (100%
sorghum husk) with a value of 24.52%. There was a significant
difference (P < 0.05) between the total percentage weight gain in
treatments 1,2,3,4 and 5 (0% sorghum husk 25%, 50%, 75% and
100% sorghum husk) respectively.

There was a negative correlation co-efficient r = - 0.97, between
treatment 1 (6.50g/week), treatment 4 (2.30% week) and treatment
5 (2.20g/week). The equation for the correlation co-efficient is Y =
629.9203 - 0.9691X. There was significant difference (P < 0.05)
between the specific growth rate and the levels of sorghum husk in
the diets.

The protein intake per week was highest in treatment 1 (3.88g/day)
and reduced to 3.30g.day) in treatment 5. There was a negative
correlation (r = -0.80) between the levels of sorghum husk inclusion
and the protein intake for treatments 1,2,3,4 and 5. The equation
for correlation co-efficient is Y = 391.0009 — 08042X. However there
was no significant difference (P > 0.05) between the protein intake
in treatment 1 (3.88g/day), treatment 2 (3.65g/day), treatment 4
(3.50/day, treatment 5 (3.30g/day).

The protein efficiency ratio decreased with increase in the level of
sorghum husk. The values were 4.29 for treatment 1, 3.85 for
treatment 2, 2.60 for treatment 3, 1.63 and 1.56 for treatment 4 and 5
respectively.
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There was a negative correlation co-efficient (r = - 0.97) between the
levels of sorghum husk inclusion and the protein efficiency ratio.
Equation for correlation co-efficient is Y = 432.1488 — 0.9699 x.

Figure 2: Mean Weight Gain of Fish Treatment 1to 5

KEY. o —
X X
0——0
I

(T1)% Sorghum Husk

(T2) 25% Sorghum Husk
(T3) 50% Sorghum Husk
(T4) 75% Sorghum Husk
(T5)100% Sorghum Husk
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Table 4: Summary of Growth and Nutrient Utilization in Tilapia
(Oreochromis niloticus)

TREATMENTS DIETS

PARAMETERS 1 > 3 7 5
Experimental Days 70 70 70 70 70
No. of Fish Stocked 15 15 15 15 15
Survival Percentage (%) 100 100 100 100 100
Average Initial Weight (g) 20.00 20.00 24.50 22.50 21.00
Average Final Weight (g) 36.65 34.04 34.68 28.20 26.15
Average Weight Gain (g) 16.65 14.04 10.18 5.72 5.15
Mean Wt Gain per Day (g) 0.238 0.201 0.145 0.082 0.074
Mean Wt. Gain/Week (g) 1.665 1.404 1.018 0.572 0.515
Total Percentage Wt. Gain (g) 83.25 70.20 41.55 25.42 24.52
Specific Growth Rate (%/Week) 6.50 5.35 3.50 2.30 2.20
Total Feed Intake (g) 1400.83 | 1338.61 | 1459.43 | 1258.38 | 1167.2
Feed Conversion Ratio 84.13 95.3 143.4 200.8 249.6
Gross Efficiency Food 1.19 1.05 0.70 0.50 0.40
Food Efficiency Conversion (%) 1.19 1.05 0.70 0.50 0.40
Protein Intake (g/day) 3.38 3.65 3.91 3.50 3.30
Protein Efficiency Ratio 4.29 3.85 2.60 1.63 1.56
Productive Protein Value (P.P.V.) | 3.35 2.23 2.02 2.22 2.06

There was no fish mortality throughout the experimental period
and survival rate was 100%. Similarly, no symptoms of infections
and diseases were observed.

5. DISCUSSION

The main factor in the digestibility of the feed in this investigation
was the fibre content of the feed. Falaye (1988) recommended that
the fibre content of Tilapia diets should not be more than 10%.
There was increase in the fibre content after incorporating the
sorghum husk into the diets. The fibre content was 10.0% in diet 1,
11.42% in diet 2, and 11.81%, 13.66%, 13.57% in diet 3, 4 and 5
respectively. The best feed was Diet 1, which had the lowest fibre
content while diet 5 with the highest fibre content had poor
performance. Similar results were obtained by Ojo (1985), where
inclusion of various levels of cocoa husk elevated fibre contents in
the diets. Omojola (1989) reported that the inclusion of various
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levels of rice bran elevated fibre contents slightly. The fibre content
in sorghum husk is higher than that of rice bran.

The protein level of the feed fell within the limits recommended for
efficient utilization of dietary protein by Viola et. al., (1987), who
recommended 24% - 30% crude protein levels for tilapia species.
The mean weight gain, specific growth rate, mean weight gain per
week, and total percentage weight gain decreased with increase in
levels of sorghum husk. Decreasing trend of performance of the
experimental fish (O. niloticus) may be attributed to the increasing
levels of fibre content on the feed, which depressed the utilization
of feed ingredients (Omojola 1989). Longe and Adetola (1983)
observed that in layers, excreta weights of birds fed high fibre feeds
were higher than control birds fed low fibre diets. They remarked
that increased stool weight was often accompanied by feacal
excretion of nutrients. Shiau et al (1988) reported that high fibre
content in feed has been shown to decrease utilization by hastening
gastric emptying time in tilapia.

It has been reported that tilapia can utilize fibrous feed materials
very well (Viola et. al., 1988). However, Falaye (1988) recommended
that fibre content should not be higher than 10% for Tilapia diets.
The poor performance observed in diets 4 and 5 therefore may be
due to high fibre contents (13.06% and 13.57%). This probably may
explain the reason for higher performance of fish given diets 1 and
2 respectively. Lovell (1979) reported that the amount of protein
present in feed does not determine its utilization by fish. Despite
the fact that the protein content of sorghum husk is slightly higher
than that of yellow maize, fish in diets containing 0% and 25%
Sorghum husk levels performed better than that in 75% and 100%
sorghum husk substitutions levels with higher protein.

The productive protein value did not show any definite trend with
the level of sorghum husk inclusion. Falaye (1988), did not observe
any significant difference in protein deposition in his experiment
using cocoa husk. Shiau et. al., (1988) observed no difference in the
protein content of fish fed graded levels of carboxymethyl cellulose.
This was attributed to iso-nitrogenous nature of the diets. No
mortality was recorded throughout the period of the trial. A 100%
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survival was recorded. This could be due to good handling and
management throughout the period of the experiment.

6. CONCLUSION

Sorghum husk diets performed fairly well as a feedstuff. The
highest growth performance was recorded in diet 2, followed by
diet 3, but diets 4 and 5 showed very low growth performance and
nutrient utilization.

There was no mortality recorded throughout the experimental
period. Similarly, no symptoms of infections and diseases were
observed.

It could be recommended that 25 percent or even 50% sorghum
husk could replace yellow maize in tilapia (O. niloticus) diet.
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