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ABSTRACT

The biology of the Family Schilbeidae (Osteiehthyes :
Siluriformes) in Lake Kainji, Nigeria was investigated. Eleven
sampling stations located within the central basin of the lake
were sampled monthly with static gill nets of various stretched
mesh sizes, supplemented by netting in Shagunu creek with small-
mesh nets.

Five schilbeid species were found. Eutropius niloticus
RUPFELL and Physailia pellucida BOLENGER were the commonest and

most abundant. Schilbe mystus LINNABUS was |ess abundant, but
was far more abundant than Siluranodon auritus (GEOAROY ST.
HILLAIRE) and Schilbe uranoscopus RUPPELL which were very rare.

All species were found in a variety of habitats in the lake and

adjacent inlets; but P. pellucida is pelagic and S. mystus is

riverine.
The pectoral spines display rings which are shown to be annual

so can be used to determine the age and growth of E. niloticus

and S. mystus. Females grow faster, attain greater maximum size,
live longer and attain maturity at a greater length than the
males. Sex ratio varied seasonally with more females in the
population than males. Sex ratios and gonad cycles provided evi-
dence of breeding pattern for all the species except S. uranonco-

pus. P. pellucida spawned several times during a prolonged

breeding season while others spawned once during a short breeding
season from June to November.

Stomach contents showed that although every species would
take a variety of food, Siluranodon auritus is phyto-plonktonivo-

rous; Physailia pellucida feeds mainly on zooplankton, both



species of Schilbe are mainly piscivorous and Eutropius niloticus

I's omivorous. Food selection was influenced by age or size of
the fish and seasonal availability of food itens. D gestive
enzymes showed a correlation with the dets of the species
st udi ed.

The biochemcal and nutritive values of the three common
schil beids were determ ned and suggestions are irrake for nore

effective harvesting of schilbeids for consunption.



GENERATL INTRODUCTION



Recent technological advances have ushered in another era in
the history of mankind. Although developed countries set the
technological pace, developing countries particularly in Africa
are not being left behind in the technological struggle. Tech-
nological awareness has led to the development of large industries
and the consequent search for power to run these industries,
Hydro-electricity is considered to be one of the cheapest ways of
generating power, thus the development of cheap power has led to
the damming of large rivers., It is therefore not surprising that
the last two decades have seen the building and completion of
some large dams. PFour of the largest man-made lakes are located
in Africa; of these, two are located in West Africa., These are
formed by the Akosombo dam and the Kainji dam built across the
Volta River in Ghana and River Niger in Nigeria respectively.

The completion and subsequent closure of the dams built across
these two rivers has resulted in the creation of Lakes Volta and
Kainji respectively.

Apart from generating electricity, other benefits from man-
made lakes include development of fisheries, irrigation for
agricultural purposes, improved navigation and recreational faci-
lities. The creation of man-made lakes often affects not only
the flora and fauna of the lake basin, but also the human popu-
lation. There has been considerable population movement and
regettlement, new roads have had to be conastructed and associa-
ted medical and soclo-economnic problems had to be solved, To
the biologist, the intereast is sometimes mainly focused on the
blological changee which are a consequence of the new environ-
ment, and these are often catastrophic. The notorious growth of

aquatic weed in Lake Xariba a few months after the impoundment

(Little, 1966) is a clear example. Ewer (1966), Little (1966),



Leentfaar (1966), White (1669}, Elder (1965}and other authors
have reviewed these phenomena. S

It is now known that biological changer which occur in newly
created Impouwdments follow a pattern of initisl increase and |
later, a decline in productivity. Often in the first few years
of the closure of a dam scme cf the existing riverine specles
sesn to adapt to thelr changed environmment. Some specieé selze
the advantage of the initial rise in nutrients to increase their
population while others are reduced in number or completely eli-
minated., The work of Petr (1969) and Lawson et al (1969) on Lake
Yolta ghows interesting patterms in the distribution and abundance
of fish populations during the year the reservoir was filling.
The mormyroid species decreased in the fishermen's catches as soon
. 88 the lake started to form but Alestes sp. became abundsnt.
There was alsoc & decrease in charaeida and an incresse in the
c¢ichlids. In Lake Brokopondo many rapids~dwelling fish in the

former river were found dead after the inundation e.g. Plecostonus

sp. {Leentvear, 1966), Nursall (1969) noted that Catostomus

catostomus decreased while Prosopiwn willismseni increased, 1In

Lake Kainji, a similar sequence was noticed, the Mormyridae which
were formerly the most abundant in the catches hefore the impound-
ment {Banks et al, 1965) were reduced considerably after the
closure of the dam (Lelek, 1972).

If maximum scientific information ié to be derived from new
impowmdments, physico~chemical events, the plankton, zoobenthos
end other related aspects have to be studied along with the
fisheries. Before and after the fdrmation of Lake Kainji many
studies were organised and the pre~impoundment surveys covering
the biology of the fish, the algse, zooplankton as well as the
physical and chemical conditions of the River Niger aromnd the

Kain }i Lake bazin were conducted by White (1965); Imevhore (1970a,

B



. b); Motwani & Kanwai (1970); Imevbore & Békafe (1970); Bakare
(1968, 1970). After 1mpdundment, P.A.0. -backed researches to
cover the chemistry, fisheries and primary production of the lzke
were conducted by Henderson (1973), Lelek (1972), and Karlman
{(1973) respectively. Apart from the FAQ, other limnological
atudies included those by Adeniji (1973, 1975). Fisheries work
covering some major families, including the cichlids (Johnson,
1973; Ctobo, 1976b; Akintunde, 1976), the Mochokidae (Willougby,
1974), Citharinidse (Arawomo, 1972, 1976), Bagridae (Ajayi, 1972),
Mormyridae (Blake, 1977a, c¢), Characidae (Lewis, 1974a) and the
Clupeidse (Otobo, 1974, 1976a) have been undertaken. General work
on the fisheries of lLake Kainji since the impoundment included
those of Blake (1976, 1977b); Turner (1970, 1971}, Lelek (1973},
Lewis (1973a, b, 1974b), Lelek & El-Zarka (1973), and Imevbore |
and Okpo (1975). Although some of the publications listed above
contaln some scattered informatiom on the family Schilbeidae, no
detalled studies on the biology of the family have been conducted
since the formation of the lake about eight years ago. There is
therefore need for detailed work on the family to help (1)} in the
undergtanding of the general biology of the family; (11) in the
ﬁnderstanding of the possible trophic links existing between the
Family Schilbeidae and other elements of the community in the
lake and (111) in the establishment of effective management and
.utilization of the fish for human benefit.

The aim of the present study is to investigate soume aspects
of the biology of the family Schilbeidze (Csteichihyes 3 Siluri-
formes)} and deal with the following topics s~

(1) Description, distribution end abundance of the spe-

cies present in Xainji Iske.

‘(ii) Age determination and growth.



£134.} Food and feeding adaptations.
(iv) Pecoumdity and reproductive cycles.
(v) Biochemical composition, nutritional value and

exploitation of the schilbeids in Lake Kainji.
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1.0.0. Lake Kain ji, Nigeria.

The lake was created in 1968 as a result df closure of the

/

(Pig. 1.1). The location and basic characteristics of the lake

Kainji dam built across the River Niger at Kainji Isleand

are shown in Table 1.1. The dam wee closed on 2nd August 1968
and took about three months to fill.

The main features of the regional climate, geology and
vegetation of the KainJi Resgervoir basin were summarized by
Imevbore {(1970a). Rains occur annually between April and October
while the dry season occuples the rest of the year. _

The majority of this region is underlain by sediments of the
Nupe sendstones. Thegse are supported below by crystalline '
schists and gneisses which belong to the basement complex of pre-—
cambrian age (NEDECO & Balfour Beatty, 1961).

A large proportion of the lake basin lies within the Northern
Guinea Savemnah (Keay, 1965). In the northern part, particularly
around Yelwa, Clayton (1957) indicated that a transitional zone
between Northern Guines Savannah and the more arid sudan zone

ocCcurs.
1.0.1. Moxrphology.

Morphologically the new lake can be divided into three parts;
northern, central and southern. The northern part where the Niger
enters the lake is a long, narrow and steep-sided area extending
from Yelwa to about eight kilometres below Agwarra and comprises
about 20% of the lake surface. Water flow is swift and the ares
is more riverine than lacustirine for most part of the year,

The central part of the lake is a large shallow basin where

the 0ld river branched inteo two to form the now subnerged Foge
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Table l.1l. Tocation and basic characteristics of
Lake Kainji, Nigeria.

Geographical Jlocation.

Continent 3 Africa, South of Sahara
Country H Nigeria

Latitude : 9% 50* - 10° 55' North
Longitude : 4% 25 - 4° 45' ERast

Basic charascteristics

Length of Lake : 1%6,8 km (max.)
Width of Lake : 24,1 km (max.)
Surface area of the lake at
high water : 1280 km?
Volume at high water 3 15.6 km3
Volume at low water 3 6 Jm>
Average volume 2 12 km3
Max. depth 3 60 m
Mean depth at high water 3 12,5 m
Mean depth at low water 3 8.8 m
Annual fluctuation in water
level : 9 ~10m
pH 2 6.0 = 7.6
Ratio annual outflow to volume 431
Estimated yearly precipitation 1100 mm
Estimated yearly evaporation $ 1900 mm
Period of circulation $ Dec -~ Jan

Period of stagnation FPebruary - dJune

ah



Island, This basin comprises nearly T0% of tha.iake's.tﬁtal SUT-
face area, The eastern shore is shallow whereas the western shore
tends to be steeper. The depth of the lake here varies from 3.3
- 20 metres (El-Zarka, 1971}, The wean depth, however, is about
11 metres except in the o0ld river channel which is about 20 metires
(Karlman, 1973). During the annual drawdown part of this basin is
exposed and the exposed areas are often temporarily inhabited by
migrant fishermen, About 70% of the trees on thim island were
cleared before inundstion (Imevbore, 1970a) thus leaving a very
larpge area for fishing and making it obstruction-free for naviga-
tion, The central basin is the most importent portion of the |
lake as far as fisheries is concerned since the majority of the
annual catch is expected to be produced from here.

The third portion, the southern part of the lake, extends
from the dam northwards up to sarowmdé 0ld Bussa. The lzke here 1is
narrow, deep, steep and rocky and forus about_ZO% of the itotal

surface area of the lake.

1.0.2. Hydrology

There are two seasonal period of flooding each year in Leke
Kainji. The firest originates from the rains in the Fouta Djallon
"highlands (see Fig. 1.2). The water on its way down is partially
evaporated and about two-thirds of the water ie lost in the swaumps
arownd Timbucktun (NEDECO & Balfour Beatty, 1961). By the time it
reaches Nigeria the water is rether clear, having deposifted its
silt in the swamps. This flood is called the "black flood"
because of the dark background of the clear waler due {o poor
reflection of the light, The black Fflood occurs beiween November
snd February during the dry season. B

The second water supply comes from local rains around Niamey
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and run-off from local tributaries in Nigeria. These carry a lot
of s8ilt and other suspended particles which make the water turbid
and whitish and so is named the "white flood", The white flood
cccurs between August and November,

Apart from the River Niger itself, there are several small
tributaries which run into the lake. At the western side these
are the rivers Kpan, Swashi, Menai, Temo and Doro; at the eastern
side the rivers Wara, Wo and Malendo. The latter is the most
significant of the several tributaries. Its peak discharge of
around 700 m3/sec occurs near the start of the white flood
(El-Zarka, 1973).

The annual flow of water to the lake from the Niger and other
inletes wae estimated by El-Zarka (1973) to be around 80 billion
m3 in a year of high flow. The contribution by the black flood
is relatively constant from year to year while the white flood
may be reduced by as much as one third in dry years. The hydrolo-
gical pattern is reflected in the discherge flow of the two floods.
During the white flood, the discharge is between 4000 - 6000 m3/
sec whereas during the black flood the peak flow is about 2000 53
/sec (El-Zarka, 1973). The annual drawdown occurs between April
and August each year and during this period the lake level falls

by about ten nmetres.

1065, Physical and Chemical Characteristics.

In the deeper parte (mean depth > 10m), thermsl stratifica-
tion occurs annually in February and towards the middle of May a
distinct thermocline is formed, although in shallow areas (mean
depth<10m) there is no significant thermal stratification or
deoxygenation throughout the year., 1In March at the peak of

thermal stratification oxygen concentration below the thermocline




drops to almost zero in the hypolimnion (Adeniyi, per. comm.).
This is emphasized at the dam site by the strong cdour of sulphide
which escapes by aeration at the spillway., During stratification
fish are often killed as s consequence of deoxygenation and

asphyxiation. Transparency ranges from 8cm to 280cm {(Adeniyi,

per. comme.).

1.0.4. Ecological Communities o

Marked blooms of blue-green algae occur annually in Cctober

and November, Then Volvox sp, Melosira sp, Microcysts sp and
Anabaens are the dominant species of algae in the lake, No
problem of excessive weed growth has occurred in Lake Kainji.
The rotifers and crustacea provide the two important zooplankter
groups in the lake. The most important species of Rotifera are

Polyarthra sp, Keratella cochlearis, K. tropica, Synchaeta

pectinata, Collothecn pelagieca and Trichocerca sp., (Clarke, per,

comm, )., Bosmina longisrostris, B. meridicnalis and Diaphanosoma

excisum are the most important cladocera while Thermeocyelops

neglectus and Tropodiaptomug banforanus are the most important

copepods (Clarke, per. comum,), The insects, particularly their
immature stages, dominate the zoohenthos. The littoral and the

profundal habitate are dominated by the chironomids and molluscse.

The submerged trees are inhabited by the larvae of Povilla adustsa.
The emergent vegetation is principally inhabited by Odonata,
.Mblluscs, Ephemeoptera, Chironomidae and Crustaceaz (Bidwell, per.
comm, )s The phyloplankton, zooplankton and zoobenthos provide
the food for the large fish population which foxm the apex of the
trophlc pyramid, About ninety-nine gpecies of fish havg been
recorded in Lake Kainji {(Ielek, 1972) though by no means all are

importent from the commercial yoint of view.
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2.,0.0. INTRODUCT ION

The fish species in any man-made lake are those derived
largely from the river which has been impounded. It is therefore
expected that the number of species present in any impoundment
will be influenced by the richness of the initial fish fauna of
the river and its response to the new environment, Of the eight
genera of Schilbeidae present in Africa, six are found in West
Africa. In Leke Kainji there are four genera and five species
pregent, in contrast with the nearest man-made lake, Lake Volta
with five genera and seven species,

The proper understanding of the biology of any fish species
and the establishment of good management practice depends on
several factors; two of which are the knowledge of the distribu-
tional pattern and the variations in the abundance of the fish
under study.

Previous studies on the distribution and abundance of the
Family Schilbeidae in Iake Kainji had been based on the general
studies conducted by Lelek (1972, 1973), Lewis (1973a, 1974b) and
Blake (1976, 1977b), In these publications attention was focused
on the distribution and abundance of the family as a whole rather
than individual species within the family. It is therefore
difficult to obtain detalled information on the distribution and
abundance of the individual species,

In this chapter, the fish species in this study are descri-
bed, their distributional pattern and abundance within the lake

are considered and their geographical distribution discussed,

2¢06l, MATERIALS AND METHODS
din Sampling Stations

Eleven sampling stations established around the central basin




bf the lake by the University of Ife/University of Reading,
Kain ji Research Project team were sampled during the period of
thislstudy (Fig. 2.1). The descripticn of the sampling stations
is as seen in Table 2.1. The siting of the stations was origina-
1ly governed by the following criteria =

(1) They were chosen to coincide with some of the stations
previously used by the University of Ife/Uhiversity of
Southempton, Kainji Research team in order to make the
results comparable,

(ii) The stationg were chosen to be representative of the
various habitats existing within the lake.

(iii) EFEase of access snd nesrness to the field station. The
stations had to be near to the Fleld Stations in order
that the fish might be 1n good condition by the time
they arrived at the station.

(iv) The central basin of the lake where the sampling stations

- were located was considered to be the area where about

80% of the fishing operations of the lake would take

place and about 70% of the total fish produced at the

lake will come from this area. It was therefore consi-

dered adegquate to concentrate the studies arcund the

central basin of the lake.
Iaa far as practicable, each station was sampled once in each
month., However, the sampling programme was sometimes disrupted
and not all +the eleven stationsg couwld be sampled In each month.
In gome months sanpling had to be restricted to the stations very
near to the field station (e.g. Stations J, XKy, L, M and C). The
following were some of the several typical situations which made
sampling difficult or impossible :- N |

(1) Stormy conditiocns on the iake.

(1i) Heavy rains accompanied sometimes by strong winds,
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Table 2.1. Description of the sampling stations.

(See also Fig. 2.1)

Abbreviations used.,

HW
LW
WF
BF
OM
All

high water
low water
white flood
black flood

other months

measurements were rounded off to the nearest whole number or

decimal point. (All measuremente were in metres).

STATION

DESCRIPTION

A riverine station situated at the upper reaches of
the River Swashi. The old river channel was clear
of all obatructions, The sidea of the old river
channel were covered with a dense growth of

Echinochloa sp. The bottom was muddy.

Mean depth : (HW) 7 (IW) 4
Mean transparency : (WF) 1.0 (BF) 1.4 (OM) 0.9

Station was situated at the mouth of River Swashi,
Dense submerged bush was present, The trees were
usually exposed at the low water level.

Mean depth : (HW) 11 (LW) 8

Mean transparency : (WF) 0.4 (BF) 0.8 (OM) 1.4

An inshore atation located near Dugga. Dottom was
muddy.

Mean depth : (HW) 19 (IL¥) 15

Mean transparency : (WF) 0.4 (BF) 0.7 (OM) 1.3




e -
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Takle 2.1, cont! d.o

STATION

DESCRIPEION

An offeshore station, situated in the wncleared
region of the 0ld Foge Island. At low watler many
drowned trees were often exposed. Bottom was made
up of gravel, |
Mean depth : (HW) 15 (Lw) 12 |

Mean trensparency : (WP) 0.4 (BF) 0.9 (OM) 1.3

An offshore station, situated north of station G
opposite Dugga at the Yoge Island, Bottom was nuddy.

A densge growth of Echinochloa sp.and Vogsia sp. were
present. |
Mean depth : (BW) 7 (IW) 2

Mean transparency : (WF) 0.4 (BF) 0.8 (OM) 1.3

An inshore station, just at the northern beach of
the field mtation. Bottom made up of fine sand
gnd gravel. Uniform depth of 9m at high and low
water,

Mean transparency : (WF} 0.4 (BF) 0.7 (OM) 1.3

An inshore station, just at the southera beach of
the field station where boats were anchored. Bottonm
of the lake varies from mud, gravels to rock in
gome areas.

Mean depth : (W) 6 (LW) 3

Mean trensparency : (WI') 0.3 (B#) 0,4 (OM) 1.3

An inshore station located opposite Amboshidi

Village. The bottom was made up of fine uwud,

Mean depth : (HW) 10 (IW) 8

Mean Tranaparency : (WIF') 0.5 (BF) 0.% (0M) 1.3
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Table 211 . cont'do

STATION DESCRIFTICN
An offshore station situated at the southern part
of the central basin near 01d Bussa, The bottom
M was made up of mud with gravel.
Mean depth : (HW) 8 (IwW) 7
Mean transparency : (WF) 0.5 (BF) 0.9 (OM) 1.6
Station situated at the middle reaches of River
Menai, " There was a dense growth of Echinochloa spe.
at the sides farther away from the o0ld river
N channel,
Mean depth : (HW) 14 (LW) 8
Mean transparency : (WF) 0.5 (BF) 1.2 (0M) 1.3
Station located at the eastern side of the lake
opposite Gafara., Bottom with fine sand and mud,
0 Submerged trees were present,

Mean depth : (HW) 5 (LW) 4
Mean transparency : (WF) 0.4 (BF) 0.7 (0M) 1.0
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(i11) Iack of fuel for the boat engine.

(iv) Faulty engine or leaking boate,
(v) Badly damaged gill nete and
{vi) Occasionally insufficlent personnel, cauesed for

exanple by sudden illness of one of the fighing
staff or boat driver.
Table 2.2 shows the number of stations sampled each menth and the
number of {imes each station was sampled between QOctober 1474

and Septemher 1976,

2 Sampling gears

Rylon gill nets of various selected mesh sizes were used,
The main fleet of nets was made up of the following streiched mesh
gizes quoted in centimetres; 3.8, 5.1, 6.4, 7.6, 8.9, 10.2, 12.7
and 1L7.8. The 3.8 and 5.lcm nets were 45.7m by 3.7Tm while the
rest were 9l.4m by 3.7m. One set of the fleet was set to hang
- from the surface of the water (usually called surface or floating
nets) while the second set was to sink, but float from the bottom
(usually called bottom or sinking nets). The order of the various
mesh sizes in the fleet was changed randomly every month in order
to eliminate positional sampling bias. Because of the annual
fluctuationa in the water level, it was necessary to move some of
the inshore stations further offshore during the drawdown period.
In addition to the routine gill netting progranme described
above other methods of obtaining samples were employed as often
as time and available labour permitted. The following methods
were also used to obtain fish samples : Small mesh-gsized gill
nets :—- It was noticed that the big mesh sizes used in the main.

fleet did not catch smaller members of the family, (for exauple,

Physailias pellucida, and Silurangdon avritus) and the juvenile
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forms of the biggér schilbeid species. In view of this, gill nets
(usually called smsall nets) comprising the following stretched
mesh sizes quoted in centimetres; 1.3, 2.5, 3.8 and 5.1 were ﬁsed
daily in Shagunu Creek, The nets were 22.8m by 2,5m except the
1.%m mesh which was 13,7m by 1.9m. The nets were botiom nets.

It is interesting to note that over 80% of P. pellucida and

S. auritus used in this study were caught by the small netis,

Othter methods, cast net, hook and line, baited hooks on line
and beach seining were tried but regretably did not catch any
schilbeid, so all the fish used in this study were caught by the
main fleet of gill nets and the small gill nets,

The gill nets were choasen as thé main sampling gear for this
gtudy because :-

(1) They were the main fishing gear used by the University
of Ife/University of Reading, Kainji Research Projeoct
team.

{1i) They were the main gear used by a8ll previous worlkers
on the lake, for example, Banks et al (1965), Lelek
(1972), Lewis (1973a, b) and Blake (1976). In
order to make wmy results comparable with those of the
previous workers the same type of gear had to be used.

(iii) The main gear used by the native fishermen all over

the lake were gill nets,

Je Sampling time

The gill nets were usually set in the evening, between 4.00
p.w, and 6.60 p.m. local time (1%,00 and 17.00 G.M.T.) and lifted
the following morniung between 8.00 a.m, and 10.00 a.m. (7.00 and
9.00 G.,M.T.). Previous experience (Arawomo, 19723 Ajayi, 1972 and
Willoughby, 1974) had shown that setting the nets in the moruings
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and lifting them in the afternoons or evenings had always yielded
very poor caiches, My trials alsc confirmed thet daylight
setting of the rets were not often very productive, Water depths

and transparency were measured each time the nets were set,

4. Laboratory handling.

All the fish caught during the night by the gill nets were
removed from the nets the following morning end kept in polythene
bags which had been lsbelled according to the mesh sizes of the
nets and whether the nets were floating or sinking nets. The
fish were then transported to the Fileld Station laboratory at
Shagunu.

In the laboratory, the fish were brought out of the bags and
arranged asccording to the species, the net type and mesh sizes of
the nets., The number of each species caught was recorded and
where very numercus the catch was gsubssmpled. To take a subsample,
all the fish (ususlly the same species) were counted and weighed
in a pan-balance to the nearest ten grammes; also a subsample of
ten fish was eselected randomly for normal analysis. In some cases
where the numbers were about eleven, or up to fifteen, a sub-
sample might not be taken, Each fiah specimen was measured for
total length and standard length, the weights and the sex were
determined. JNetailed description of the methods of measurements
will be made in Chapter three. After the routine measurements
were made involving all the fish cpecies caught, the schilbeids

were removed for further analysis,
2.0.2. The fish Bpecies

The Family Schilbeidae (Csteichthyes : Siluriformes) is a
"'group of catfish which are elongated znd strongly compressed late-

rally except at the head region which is short, broad and dorso-
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ventrally compressed., Generally they possess four pairs of
unbranched circum-oral barbels. These are pairs of maxillary,
nasal, outer and inner mandibulary barbels. The anal fin is very
long and present in all species in contrast to the dorsal fin,
which is very short and in, one genus, completely absent. Adipose
fins may be present or absent.

The Family Schilbeidae is found in African and Asian fresh-
waters (Greenwood, 1957; Hora, 1938 & 1941). There are eight
African genera and several species have already heen described
(see Boulenger, 1911; Pellegrin, 1913, 1929; Hora, 1938, 1941;
Trewavas, 1943; Thys van den Audenaerde, 1964),

Four genera represented by five species occur in Lake Kain ji.
The classification of the species present in ILake Kainji is based
on the work of Berg (1940). The following description of the
five species was based on the examination of freshly killed fish
caught by the static gill nets, Table 2.3 sumnmarizes the major
characteristica of the species. Further description and a key
to the species found in West African freshwaters can be found in
Trewavas (1943), Irvine (1947), Daget (19%4), Blache et al (1964),
heed et al (1967), Holden & Reed (1972) and Lowe-McConnell {1965
& 1972). The fish illustrations are taken from Lewis (1973b).

1. Siluranodon auritus (GEOFFROY St. HILLAIRE 1827)

(Pig. 2.2)

Local Hausa nane Balo

-e

Common English name Flagfin catfish

A small schilbeid with no adipose fin, the dorsal fin is
present but without the stiffening spine. The dorsal and pectoral
fine are black. Teeth are lacking on both the jaws and palate,

The barbela are much longer than those of any other schilbeid
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present in Lake Kainji other than P. pellucida. The body is

silvery-grey on the sides with two silvery-brown longitudinal
bands running along the lengths of each side of the body. In this

way they resemble the young of Schilbe mystus.

Standard length of up to 13.7cm for a weight of 27 grams has
been found in the lake. This is a very rare species found in the

creeks and inlets to the lake, It feeds on algae and immature

insects.

2, Physailia pellucida, BOULENGER 1901 (Fig. 2.3)
Local Hausa name 3 Nama wuri or Balo.
Common English name s Glass Catfish.

A small schilbeid with transparent body. Dark spots of
melanophores are scattered around the body, but are concentrated
along the back., An adipose fin is present, but there is no dorsal
fin, The pectoral fins are with spines, The caudal is forked and
has pointed lobes of equal lengtha., The tail is bent down at an
engle to the body. Teeth are present on the jaws but not on the

palate., The barbels are nearly as long as those of Siluranodon

auritus, It grows to about 14.0cm and weighs up to 22.0g in
Lake Kain ji,
Very common in open water, ususlly found in mixed shoals with

the clupeids (Pellonula afzeliusi and Sierrathrissa leonensis),

feeding mainly on immature stages of insects.

3.  Eutropius niloticus (RUPPELL 1829) (Fig. 2.4)

Balo

Local Haussa name

Common ¥English name : Silver catfish.

A large member of the echilbeids in Lake Kainji which posce-
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sses a dorsal fin with se;rated spine, A tiny adipose fin is also
present. The caudal fin is forked and bends down slightly at an
angle to the body. All fins are usually clear, but tinted forus
were sometimes found in the samples. Teeth are present both on
the Jaws and palate. The barbels are short in comparison with

those of Siluranodon auritus and Physailia pellucida., Body colour

is bluish-grey dorsally and silvery white on the sides, There is
a black mark behind the operculun on both sides. The eyes are
larger than those of other schilbeids found in Lake Kain ji., The
Kain Ji species attains a standard length of up to 28.9cm and a
weight of 260g. A very common species found abundantly in all
partas of the lake, Both adults and juveniles are omnivorous,

although insects constituted the bulk of their food,

4e Schilbe mystus (LINNAEUS 1762) (Fig. 2.5)

Local Hausa nanme Mazo (or Balo)

Common English name : Butter fish.

A larger member of the group which grows to a length of up
to 25cm and a weight of 200g. Closely resembles Eutropiuns
niloticus but differs distinctly in not possessing an adipose fin.
The caudal fin is forked and bends at an angle to the body. The
barbels do not extend beyond the gill cover. The large rounded
snout has the lower Jaw projecting slightly. Head almost as broad
as long and carries two small eyes. Adult forms are silver
coloured on the sides, white on the belly and greyish on the back.
There is a dark spot above the base of the pectorsl fin,

Juvenile forms are marked with three longitudinal black bands,
the upper and lower of which are continued on to the caudal fin,

Teeth are present on the jaws and palate,
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A fairly common species found in the riverine areas of the
lakes and inshore stations. The young ones are mainly insectivo-

rous while adults are piscivorous.

Be Schilbe uranoscopus, RUPPELL 183%2 (Fig. 2.6)

Tocal Hausa name

-y

Mazo {or Balo)

Common English name Butterfish,

Ll

The largest of the schilbeids in Lake Kain ji growing to about
35.4cm standard length and weighing up to 610g. This species was
thought to be absent in Lake Kainji by the previous workers e.g.
Banks et al (1965), Lowe-=McConnell (1972) and Daget (1954). It
was Lelek (1972) and Lewis (1973a, b, 1974b) who noted its presence
in Lake Kainji. Resembles Schilbe mystus in most respect but

differs by having larger eyes, narrower heads and shorter barbels
(Fig. 2.7)« The body is more compressed and relatively deeper
than that of S, mystus. Caudal fin with round lobes,

A very rare speclies in Lake Kainji. Adults are piscivorous.

2.0.3%, RESULTS
(A) ABUNDANUCE

A.l. The relative abundance of species.

The result of the total catch from the main fleet of nets
for the whole period of study (Table 2.4) shows that E. niloticus

formed the bulk of the catch while S. mystus formed about 7.9%.
The other species combined formed less than 1%.

The small nets showed a different pattern., P. pellucida

contributed the highest proportion of the catch (69.0%),

E. niloticus formed about 25.4% while £. mystus and others foraed

leas than 6%.
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In terms of weights, E. niloticus accowmted for more than

three~-quarters of the catch while P, pellucida and 8. mystus

accounted for 13.5% and 7.%% respectively. Silurancdon auritus

and Schilbe uranoscopus formed less than 1% of the total weights.

A, 2. Net gelectivity,

The glll nets were highly selective for size of fish being
retained., Analysis of the lengths of fish caught by the wvarious
mesh sizes of the gill nets {Fig. 2.8) shows that the l.3cm and
2.5¢m gill nets were highly selective for the smaller schilbeids

{e.g. Physailia pellucida and S8ilurancpdon auritus) and the young

forms of the larger achilbeids, The 3.8¢m and 5.1cm nets were
algo highly selectlve for the bigger schilbeids e.g. Eutropius
niloticus and Schilbe sp. Thue the main fleet of nets caught

more Butropius niloticus than any other schilbeid and the small

nets caught more Physailia than others. In view of the selective
nature of the nets, the results obtained with the main fleet of

nets and small nets are presented separately,

A3, Seasonal abundance of species.

Only for E. niloticus were there sufficient data for the

computation of the gseasonal asbundance of species in the main

catch. IMg. 2.9 shows the seasonsl abundance of E, niloticus as

rercentage of the total catceh for that species after correcting
to unit effort. Within a period of twelve months, two seasons

of high and of low numbers were fomd to ocecur. The first period
of high numbers, October to December coincided with the beginning
of the dry season while the second in June and July fell within

the rainy season and the drawdown period. ILow numbers were found

in January to May and in August and September. The factors
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% of total caught after correction to unit effort
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Pig., 2.9, Seasonal variation in the abundance of
Eutropius niloticus caught with main nets,
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responsible for the low numbers in Jénuary to Méy miéhf be due to
the relatively clear water (Black fiood) which made the nets very
visible to the fish, hence the poasibility of escaping from being
caught in the net. In August and Septemdber two posseible factors
might be responsible for the low numbers. Firstly the heavy storms
which occurred st this period rolled the nets together and thereby
reduced the surface areas of the nets, Cecondly it is possible
that some of the fish umight have migrated to the breeding ground.
The catches from the small nets were also analysed for

seasonal variations in the abundance of species. The following

three species had sufficient numbers for analysis, P, pellucida,

E, niloticus and 8. myatus (Fig. 2.10). Physailia pellucida

dominated the small net catch except for the period March to
August when it was virtually absent. The factor responsible for

the low number of P, pellucida during the drawdown period might

probably be due to the migration of the fish to deeper parts of
the lake because most of the creeks are exposed during this period
and the depth of water in the creeks at this period might be too

shallow for P. pellucida. P, pellucida is predominantly pelagic

in habit (Reynolds, 197la). PFor E. niloticus the catch with the

small nets was relatively constant, which is in eontrast to the
main fleet which showed marked scasonal fluctuations. As the
small nets is selectively catching'small figh in the creek, this
showed that there is g clear difference in behaviour of juveniles
and adults. The catch for S. mystus remained very low in numbher
throughout the sampiing period., The decline of S. mystug in the
lake is fully discussed in discussion section, Appendices 1 - 6
ghow the monthly variations in numbers and weights of the spscies

for the sampling period, October 1974 to September 1976,
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A4, Seasonal abundance of the family Schilbeidae in
relation to the total fishery.

Figure 2.11 showa the trends in the abwndance of the Family
Schilbeidae in the total fish caught each month for the period
of 1971 to 1976 excluding 1973. The data used for the period
1971 to 1972 are Lewis (1973a)., The family often constituted a
significant portion of the total gill net catches for each month.
Although fluctuations did occur from year to year, it could still
be seen that the schilbeids formed at least 10% of the total
catch in most of the months and in sowme months they constituted
over 40% of the catch.

The main features are :-

(1) In 1971 during the later parts of the rains, the
schilbeids were caught in high numbers and formed
nearly 50% of the total catch for those months,

(ii) In 1972, 74 and 75 there was no much variation in the
relative monthly catch within each year. However,
the schilbeide formed above 30% of the total catch
in 1974, Mean % composition were 19.7, 32.1, 15.4
respectively.

(iil) In 1976 the % fell considerably to & mean composition
of about 12,6%,

The variations shown in those years were due to the fluc-

tuations in the number of other families caught in the gill nets.

The general irends are discussed in the next section (Section A.5).



in Total Catch (No.)

Schilbeids

%

Jan Feb Mar

Apr [May Jun Jul jAug Sept[Oct Nov [Dec

1971

30+

= 19 B b

Jan Flb}"ﬂf

Apr May [Jun [Jul ug [Sept|Oct Nov Uec

Fige 2,11,

Months
The abundance of the Family
Schilbeidae in relation to the
total fishery 1971 to 1976.
(1971 and 1972 data from Lewis
(1973%a)).
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A5, Variations in the abundance'of Family Schilbeidae in
relation to fhe total fishery from 14965 to 1876,

A glimpse at the relstive yearly contribution of the Family
Schilbeidae to the annual catch gives an idea of the changing
pattern of abundance of the family from year to year (Table 2,5).

Since the impoundment of the Niger, the position of the
Family Schilbeidae iﬁ the total fishery of Kainji ILske has changed
significantly. Before the impoundment, Banks et al (1965) made a
survey of the fish population in the Ksin ji Reservoir basin, In
their own assessment, the schilbeids formed about 6% of the total
catch while the Family Mormyridae contributed the highest
proportion representing about 35%. With the formation of the
lake and resultant changes in habitat coupled with the availability
of more food by subsequent drowning of large acres of lend, the
composition of the fishery in Take Kain ji changed radically. The
FPamily Mormyridae fell in importance and the Family Citharinidae
doninated the catch immedistely after the impoimdment, The
dominance of the Fawily Citharinidae was short lived, for in 1670

the Characida, largely made up of Hydroeynus and Aleates species,

dominated the catch (Lewis, 1974b; Lelek, 1972, 1973). The
importance of the schilbeids increased significantly after
impoundment, In 1969, a year after the inundation, the Family
Schilbeidae constituted about 20% of the total experimental gill
net catches, thus closely following the Citharinidae which formed
the highest with 23%. In 1970 to 1972 the characids and the
schilbeids dominated the catch. The mean percentage composition
for Characids wae sbout 36% while the Pamily Schilbeidse formed
 about 22%, | |

In 1974 the schilbeids constituted the highest portion of the
total catch (Appendix 7). The importence of the schilbeids fell
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in the year 1975 and'76. In those years they only constituted
14.3% and 12.6% of the total catch respectively. Despite the
fell, the schilbeids could still be considered to form signifi-
cant proportion of the catch when compared with other families

in the lake. The catches for the year 1975 and 1976 (Appendiceé
8 & 9) were generally low for most families except the Family
Mochokidae which had been showing a steady increase in number and

hence in the proportion of the catch since 1972,

(B) \ DPDISTRIBUTION
B.l. Distribution within the lLake.

Table 2,6 gshows the ffequency of occurrence of each species
in samples at all the stations. This method was used to deter~
mine the presence of the species in each station and in the
sampling zones, For the study of distributional patterns, the
gstations were re-arranged into four zones as seen in Table 2.7,

The results (Table 2.6) shows that E. niloticus was found

in samples whenever the nets were set in zones II and IV and in
about 96% of the samples in zone III, .The frequency of occurrence

in zone I was low (27%). P. pellucida had a very low frequency

of occurrence in all the zones, however zones II and IIT had the
highest while no specimen was found in the riverine, zone I.

S. mystus had the highest representation in zone I and the lowest
in gone 11, The inshore and the offshore stations were inter-

mediate with 48% and 37% respectively. The S. urancscopus found

were from stations K and H., There was no Silturanodon auritus in
the main nets,
 Another way to view the distribution is to look at the

abindance of each of the species in different zones., The results
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Table 2.7. Sampling stations re-grouped into zones

ZONES STATIONS CHARACTERISTICS

I A Station at the Upper reaches of
River Swashi. Lotic in nature most
of the year.

11 C and N Stations situated at the mouth of
riverg - mostly lentic,

111 D, K, J, L Inshore stations of the Lake.

IV G, H, M, O Offshore stations of the Lake.
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in Table 2.8 shows that the number of E. niloticus in samples was

increasing as from zone I to IV, P. pellucida and §, mystus showed

an inverse relationship to the distribution exhibited by

E. niloticus., There was a decrease in number from zone I to IV,

Taking the two methods into consideration, the distribution of

the species can be summarized, E, niloticus is widely distributed

within the lake but is more abundant in the offshore areas,

8. mystus is found in a variety of habitats but was found to be
most common at the riverine inlets to the lake. Although this
result shows that P, pellucida is found widely distributed in the

lake, except at the riverine station, reports elsewhere (Otobo,
per. comu; Roest (1975), Reynolds (1971la) have shown that they are
truly pelagic species found in mixed shoals with the clupeids.

The numbers obtained for other species were too suall for any

congideration, However the specimens of Siluranocdon asuritus and

Schilbe uranoscopus in the samples were obtained mostly from the

creek,

B, 2. Geographical distribution

The geographical distribution of the species found in Lake
Kainji, is shown in Table 2.9. According to Roberts (1975) the
Family Schilbeidae is found in seven of the ten Ichthyofaunal

provinces in Africa, Siluranodon auritus and P, pellucida are

found only in Sudan province. Schilbe mystus is found in all the

peven provinces, while its relative S. uranoscopus is found only

in Nilo~-Sudan and Zairean provinces. ZEutropiuvs niloticus is

found in Nilo-Sudan, Zairean and EastCoast provinces, This
distributional patiern shows that the five species are mainly
Nilo-Sudanic and this leads to the suggestion that the species

probably might have originated in the Nilo-Sudan province and
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Table 2.9. The occurrence of Kainji species of Schilbeids

in other water bodies in Africa.

A Major Natural Iiskes in Africa.
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Table 2.9, Cont'd.

B. Major Rivers in Africa
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Gambia +5 +4
Kubango +7
Logone +7 +7
Mayo - Kebbi +3
Niger +4 +4 +4 +4 +6
Nile +4 +4 +4 +4 +4
Quene +2 +5 +5
Semiliki +8 +7
Senegal +5
Shari +7
Volta +4 +1 +5 +5
Zaire +4
Zambezi +4
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Table 2.9. Cont'd,

C. Ma jor man ~ wmade Lakes.
’ 3
g : 2
o) ot o O
3 3 o o m
P = - =S o
o4 i (o] 42 e
; 7 5 : ;
« 1y = =] g
W Ay [ w v
Kain ji +6 +6 +6 +6 +6
Kariba +11
Kosson +10 +10
Nasser +9 +9 +9 +9
Yolta +1 +1 +1 +1
Referenceg
1. Roberts, T. (1967)
2. Daget, J. (1954)
3. Blache, J. (1964)
4. Boulenger, G. A. (1911)
5. Daget, J. & Iltis, A. (1965)
6. Lelek, A, (1972)
7. Mok, M, (1974)
8. Worthington, E. B, (1929)
9, Latif, A. P, A, (1976)
10. Roest, F, C (1975)
11, Balon, E. K. (1974 )
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spread later to other provinces,

2.0.4. DISCUSSION

Eutropius niloticua and Physailia pellucida were common and

abundant while 5. mystus was fairly ccamon bul not as abundant as

the two species menticned above, Siluranodon auritus and Schilbe

uranoscopus were rare in the lake,

The presence of Schilbe uranoscopus in Lake Kain ji was first

documented by Leiek (1972). Apart from Lewis (1973a, b), all
previcus workers failed to record the presence of this species in
Lake Kainji, Their failure might be due not to the absence of
the species in the River Niger but rather because i1 was scarce.
Most of the surveys on the Niger before the inundation in 1968
covered a very short peried, and {the chances of coming ascross a
scarce species was very small. Also the two Schilbe species are
very alike, and careful observation is necded to separate then.
It is possible that the specles was not in the Middle Niger before
the impoundment but migrated from other tributaries to the lake,
Whatever the origin, the lacustrine environment was not favour-
able enough for its establishment for although Lewis (1973b)

described S. uranoscopus and Siluranodon auritus ag common specles

in Lake Kainji, this study has found them to be rare.
The trend in the abundance and the changes in specles
composition of the Schilbeids from the formation of the lake show

that E, niloticus has successfully established itselfl in the lake

while the status of S, mystus is declining. Danks et al (1965)
and Motwani and Kanwai (1970) showed that the number of Schilbe

mystus in the river was higher than that of E, niloticus. After

the formation of the lake, both species took the advantages

created by the initial surge in food supply and the enlarged
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habitat to increase their populations., S, mystus maintained its

high number while E, niloticus was gradually increasing its own

number too. Lelek (1973) noted a higher catch per unit effort

(c/e) for S. mystus and & lower c/e for E. niloticus. This

. upward trend in the abundance of S. mystus was not maintained,
however, for a long period, As from late 1970 Lelek (1973) noted
a8 gradual decline in the number of 5. mystus in the catches., The
c/e for S. mystus fell below that of E, niloticug in Pebruary

187) and since then 5. mystus has never had a higher number than
that of E, niloticus in the lake (Table 2,10). The data for

1971/72 by Lewis (1973a) show that E. niloticus maintained its

gradual rise in population and has since outnumbered all the other
schilbeids in gill-net catches., $. mystus now forms less than

10% of the catch while E. niloticus sometimés forms over B0% of

the total schilbeids and about 30% of the total fish cauwght. The
initial rise and fall of S. mystus population can be explained as
follows, It is a known phenomenon both in the tropics (e.g. Lake
Kain ji (Lelek, 1973) Kariba (Harding, 1964}, and Volta (Petr,
1969) and temperate man-made lakes {e.g. Cimljansk (Domanevsky,
1962) and Kuibychev (Sharcnov, 1962)) that with the establishment
of lacustrine conditions predators become more abundant, The new
environment permits a high survival of newly spawned fish and
thuslprovides an enormous source of food supply for predatory
fish, It is likely that such rich supply of food accounted for
the higher c/e recorded for S. mystus in the year 1969 to early
part of 1971, It can be concluded that S, mystus was better
adapted to riverine than lacustrine conditions, an adaptation
which influenced its present distribution in the lake. It will
be recalled that S. mystus had the highest ¢/e and frequency of
occurrence in the riverine parts of the lake, The initial decline

in the number of E. niloticus during the early strges of the

1
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formation of the lake in 1969 to early 1971 might be due to the
absence of insects during this period., Usually as the lake fills
up, rheophilic insects cannot tolerate the new environment, and it
therefore takes some years before benthic lacustrine insects can
establish themselves in the lake, Thus there will be a decline in

number of specialized insect feeders such as E. niloticus.

Moreover Povilla adusta which formed a considerable part of the

food of E. niloticua was not very abundant in the lake initially.

The large nunber of drowned trees formed a substrate for the
burrowing nymphs of this ephemeropteran but it is likely that the
nymphs could not penetrate the hard wood until after some years
when the trees become soft through the decaying processes in the

lake, Comments on the trendes in the abundance of P. pellucida

might not depict the true status of this species in Lake Kainji.

P. pellucida has always been under-estimated in the catches and

all the previous workers e,g. Banks et al (1965), Motwani and
Kanwai (1970), Turner (1971) and Lelek (1972) used gill nets which
depicted P, pellucida as an insignificant part of the catch,.

Evidences from my small nets and trawling records of the Xainji

Lake Research Institute show that the number of P. pellucida is

higher than that of all the other schilbeids combined, It was

expected that the number of P. pellucida and poseibly S. auritus

should rise considerably at the early developing period of the
lake because of the abundance of phyto- and zooplankton which
often provide a rich supply of food for these species, but there
was no evidence from records to show that they actually did.
Shagunu lMarket Surveys were also undertaken in order to
compare the fluctuations in the number of schilbeid species coming
into the commercial catch and to compare the results with mine.
The data for July 1974 to July 1975 were collected by Blake (1976)

while those for August 1975 to September 1976 were collected
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during this study (Table 2.11). The results show similar pattern

of abundance to this study. X, niloticus, §, mystus and

P. pellucida were common while Silurancdon auritug and

S. uranoscopus were infrequent, The similarity was partially

expected because of the similarity of methods of capture, although
the local fishermen used other gears (e.g. cast-nets, fish traps,
baited hooks ete) in conjuction with the gill nets,

There is 1ittle information available on the abundance of the
family schilbeidae from other water bodies in Africa. However,
the few available reports showed that Eutropius species are always
the most abhundant wherever they occur with the other species of

schilbeids. Petr (1969) noted a higher number of E, niloticus in

Iake Volta and Reynolds {1970) who compared the abundance of

P, pellucida and 8. auritus in Lake Volta found the former was

very abundant and common while the latter was less common. In

Lake Nasser, E. niloticus and S, mystusg were very abundant and

comnon and were of commercial value while the other schilbeids

(Siluranpodon auritus and §. uranoscopus) were less common in

samples (Latif, 1976). '
Although the three common species can be found in any part of
the lake, there are variations in density from one habitat to the

other, E. niloticus is very common in the offshore stations,

S. mystus is riverine in hahit. The pattern of distribution of
P, pellucida was distorted by the sampling gear but mid-water

trawling records show that it is truly pelagic although it was also

foumd in various parts of the lake. P. pellucida is always found

with the clupeids whenever they both occur in the same body of
water, Both are pelagie, and possess the same achooling and
migratory behaviour (Reynolds, 197la; Roest, 1975).

The pattern of distribution exhibited by the species in Lske
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Table 2,11, Frequency of occurrence of fish species
in Shagunu Market between dJuly 1974 and
.September 1976.

Jul. 1974 - Jul 757 Aug 75 - Sept 767"

Blake (1976) This study
Siluranodon auritus : 5 - 10
Physailia pelilucida 27 29
Eutropius niloticus 50 54
Schilbe mystus. 29 50
N _
Schilbe uranvscopus ' 1 13
+ 50 markets

++ 56 markets
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Kainji is similar to those recorded by other workers (see
Reynolds, 1870; Roest, 1975; Hopson (1967). The distribution of
the species remained almoat the same after the impoundment.

Lelek (1973) reported that E. niloticus and §, mystus were mostly

riverine while Lewis (1973b) recorded patterns of distribution

similar to the findings of this study. Siluranodon auritug was

regtricted to the creeks and small inlet to the lake. It was
caught during the drawdown period at the mouth of River Shagunu,

Hopson (1967) also noted that Silurancdon auritus was common at

the mouth of River Yobe which runs into Lake Chad, Reynolds
(1970) also commented_that "there appeared to be riverine influecnce

upon the distribution of Silurancdon auritus',

This account of the distribution and abundance of schilbeidae
is derived primarily from gill net capture and the limitations of
the method must be boxrne in mind. The mesh gize of the gill nets
will determine the sizes of the fish in samples. The bigger the
mesh, the less the probability of catching small sized species
and Jjuveniles. _

The shape of the fish and its behaviour often determine
whether it will be retained by the net or not. Spiny fishes like
the family Mochokidae and Bagridae are likely to be caught more
easily in gill nets than spineless fish or fish laterally

conpressed like Citharinus sp, Distichodus sp, Tilapia and

Sarotherodon sp.

The type of nets or fishing gear is algo of some consegquence.

Cast nets capture more of Tilapia and Sarotherodon species than

any other nets, Beach seining often yielded more Lates niloticus

and Citharinus c¢itharus and midwater and bottom {trawling nets

yielded more of Sierrathrigsa leonensgis, Pellonula afzeliusi snd

Phyaailisa pellucida,
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Netting efficiency is modified by weather and by the trans-
parency of the water., Sometimes during the rains, there were
wind-induced storms in the lake. The resulting waves caused the
gi1ll nets to roll up and thereby reduce the surface area of the
nets, This factor might be responsible for the low catch of the
schilbeids during the rain storms. Moreover it was possible that
fish might migrate to calm sheltered areas of the lake (e.g. deep
areas, or areas with vegetation) and thus caused artificial
scarcity in some parts of the lake, Underwater visibility is
usually impared in turbid water (Willoughby, 1974; Adeniji, 1975).
Fish are more vulnerable to the net in turbid water than in clear
water where they can see the net and escape being caught., It was
therefore, expected that more fish would be captured during the
whiteflood regime than the blackflood. This was not reflected in
the catch because the three important schilbeids species had their
highest numbers during the blackflood when the water was clear.
Hydrological factors will also affect the availability of the
fish, Fluctuations in water level will affect the distribution of
food and hence the distribution and abundance of fish species.

It is also a widely held view that when the volume of water is
‘reduced, the fish will be concentrated and their numbers will
become higher in catches. This might account for the high number

of E. niloticus in catches during the drawdown period., Adeniji

(1975) noted high catches when the water level began to fall.
During the annual oxygen stratification fish move from the
deoxygenated hypolimnion to the oxygenated epilimnion and the
shallow areas of the lake (Adeniji, 1975). Although it was
observed that the number of schilbeids fell gradually during the
stratification period, there was no evidence to gupport the idea

that the gradual fall in the number was actually caused by
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stratification, Vertical distribution of crustacean zooplankton
in the lake is restricted to the epilimnion and the thermocline
during this period (Adeniji, 1975). P. pellucida, a crustacean

zooplankton feeder would be restricted to these layers during

this period. P. pellucida was caught in high numbers in February

and Narch 1976 with the small nets at the creeks near the Field
Station.
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50, INTRODUCTION

In the management of any animal species, accurate information
on age and growth is needed along with other life-history infor-
mation. The methods employed in assessing the age of fish have
been reviewed by several workers including Buckmann (1923),
Rownsefell and Everhart (1953), Lagler (1956), Chugwmova (16%9),
De Bont (1967) and Tesch (1968),

The use of scales to determine the age of fish has been
accepted for meny years. In scaleless fish, such as the siluroids,
age has been determined from year marks (=annuli) found in hard
gtructures such as otoliths, opercular bones, vertebrae, fins and
spines (Sneed, 1951; Cuerrier, 1951; Marzolf, 1955; and Van der
Waal & Schoonbee, 1975). It is now well established in temperate
parts of the world that rings observed in various hard structures
are annmigl in nature. In areas with less distinet seasonal
fluctuations in climatic regime, such as the tropics, the annual
periodicity of rings laid down In hard tissues of some fish is
8411l questionable (De Bont, 1967), but recent work has indicated
that some {ropical fish species do lay annual rings in scales and

other hard tissues., This recent worlk includes that on Hydrocynus

vittatus Castelnau by Balon (1971), Sargochromis codringtoni

(Boulenger) by Holeik (1974), Synodontig zambegensis Peters by

Chitravadivelu (1974), ©ilapia rendalli Boulenger by Bastl (1974),

Clarias gariepinus Burchell by Pivnicka (1974), Eutropius

deprosgirostris Peters by Gaigher (1969) snd Cerny (1974) and

Schilbe mystus DLinnzeus by Prank (1974). With the exception of

these last three papers it sgeems that thers is no other published
account on age and growth of schilbeids in African freshwater.
This chapter deals with age and growth determinations of the three

common schilbeids in Lake Xainji,
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3.0.2. MATERIATL AND NMETHOTDS
L Methods of cobtaining fish samples and basice

fishery data.

The methods of 6btaining fish sampleé were described in
Chapter Two. After the fish had been geparated into species, the
following measurements weré made

(1) TOTAY, LENGTH (in om) :~ length from the tip of the

 snout to the tip of the longest lobe of the caudal fin
when the margins of both lobes are pressed together.

(i1) STANDARD LENGTH (in cm) :- length from the tip of the

gnout %o the voint of attachment of caudal rays of the
hypural bone. |

(iii) WEIGHT (in g) :~ the weight of each specimen was deter-

mined to the nearest 0.lg on a spring balance.
The sex and gbnad condition were determined s&s explained in

-

Chapter Five,
2e Examination of various hard tissues for ageing purposes,

Cpercular bones, feftebrae, hypural bones, otoliths, pectoral
and dorsal spines were removed from the fish and boiled in lahelled
test tubes for mhout five minutes. The muscles adhering to them
were cleaned off and the tissues were air dried at room temperature
(= 23i2°C) for about twenty-four hours. They were stored in
envelopes on whiéh wag recorded information on sex, gonad develop-
ment, length (T.B. and 8.L), weight, date and place of capture
¢f the individusl spacimen. All the materials stored were later
examined to determine their suitabllity for ageing the fish
specles, The pectoral and dorsal spines were found satisfactory

for ageing E, niloticus and 5, mystugs., The psctoral apines were
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eventually used as the main tiesue for ageing both species. None

of the tissues was found sultable for ageing P. pellucida.

3 Preparation and sectioning of pectoral spines.

The left and right pectoral spines were fixed and decalcified
by a method modified after Perry (1967) (see Appendix 10)., The
spines were sectioned manually with the aid of razor blades.
Sectioning was done from the base of the spine., Usually the firast
few millimetres of the base which are deeply indented and so do
not show clear annuli were cut off before sectioning. Sections
which were more than 0.5nmm thick were not examined.

Sections of spines were transferred to a clean slide containe
ing one or two drops of water. They were examined under a
stereo binocular microscope alded by reflected light and a micro-
meter moumted in the eyepiece of the microscope was used {o
measure the spine radius from the centre of the lumen (along line
CD, Pigure 3.1) to the outside edge of each opaque band and to
the edge of the spine. Iine CD was fixed by eye at angle 90°
to line AB.




Chapter 3

Figure 3.1.
Diagrammatic representation of transverse section of a

rectoral spine from a two year old Eutropius niloticus.

C - D = line along which apine was measured (from the centre
| of the lumen to the edge = total radius ). '
n, = radius at first annulus (measured from the centre of
the lumen to nl).
n, = radius at second annulus (measured from the centre of

the lumen to n2).
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3.0.3, R ES UTL T S

1. AGE DETERMINATION
(a) Description of pectoral spines

On examination using reflected light, sections of spines
showed alternate translucent zones and opague bands (Plates 1 and
?2). The translucent zone which represents a period of fast growth
is wide; while the opague bhand which represents.a period of no
growth or slow growth is very narrow (Figure 3.1, Plates 1 and 2).
A coﬁplete season's growth comprises a wide translucent zone and
a narrow opagque band, The narrow opaque band is formed once a
year (see next gection), thus is interpreted as 'year msrk' or
‘ennwlus's. A fish which has not completed a year's growth_(0+)

will only have the translucent zone (Plate 4),
(b) Validity of age determination using pecteral spines.

(i) As the number of spinec rings increases, the average length 6f
the fish increcases; suggesting that the rings are added systemati-
cally as growth proceeds {Appendix 11, 12, 13, 14). |
(11) Examination of the pectoral spines from monthly samples showed
that the opague bands (annuli) were formed once a year (Figures 15
& 16). The time when the opaque bands are formed was determined
by examination of spine sectiones. The distance of the last opague
band from the edge were measured and the percentage of those with
opaque bands very near the edge (i.e one or two micrometer readings
from the edge) were noted. The Figures show that the periods when
the majority of the fish examined had thelr opéque bends very

close to the edge were July to QOoctober for Eutropius niloticus

Thus the opague bands are 1aid once in a year durinpg the periods

speclfied above;so can be interpreted as year marks or smuli.
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(11i1) Back-calculated lengths basea on the assimed ages bear a
rational relationstip to observed lengths at the time of capture
(Appendices 15, 16). | |

{iv} The results of age readings from the spine specimens of
length groups were comparable (Appendices 11, 12, 1% & 14).

{(v) The length frequency distridbution of all the samples were
plotted pgraphically. The age distribution observed by examination
of transverse sections of spines were also plotted on the same
grapha belouging to each species and gex (Pigures 3.2 & 3.3).
Agreement between these -two length freguency distributions is often
used to validate age determined from hard structures (Le Cren,
1947). In species where there is no considerasble overlap of
lengths anong the age groups there is, usually, agreement between
the age groups nasgessed from length-fregquency distribution of ald
fish in the sample and length-~-Trequency distribution of fish
asaigned to each age group. This is true of Schilbde mystus

(Figure 3.2). In species where there is considerable overlap of
lengths among the various age groups there is usually no agreement,

e.g. Eutropius niloticus, (Pigure 3.3).

Plates 1 - 4 show sections of spines from various age groups

of Futrppius niloticus and Schilbe mystus.

2, GROWTH STUDIES OF EUTROFIUS NILOTICUS AND SCHILEE

MYSTUS.
(a) Seasonal distribution of lengths.

The length-frequency histograms (Figures 3.4 & 3.5) show the
length«frequency distribution in each month, In view of the gill
net selectivity, the pattern of seasonal growth did not show

clearly.
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Figure 3.4b.
(Eutropiuvs niloticus.) Monthly length frequency

distribution of females caught in the main nets
during 1975/76 period.
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(b) Standard length - spine relationship.

Log - log converglona were made and regression co-efficlents
ware calculated for each specles, The relationship was described

by the formula

Log L = loga+blogS (1)
where L = standérd length (om) of fish at the time
of capture. '
S = +total spine radius (micrometer readings)

at the time of capture.
a = constant
and h = an exponent.
The result of the analysis gave the following relationship (-

(r = Correlation co-efficient).

BEutropius niloticus -

(Pemale) Log I = 0.5308 + 0.5701 log S (r = 0.803).
(Male) Log L.= 0.5659 + 0,5060 log § (r = 0.673).
Schilbe mystus I— B _
(Female) Tog L = 0.3288 + 0,7205 log § (r = 0.855).

(Male) Log L = 1,0084 + ~0.0005 log 8 (r = 0.801).
Figures 3.6 & 3,7 show the relationship between the standard

lengths of fish snd gections of pectorsl spines,
(e) Back-caloulations of lengtha'ét earlier ages,

Back-calculations were first mede based on a direct propor-
tion formula (Lea, 1910) :-

Ln = Syl (2}

3

H

where Ly standard length (cm) of fish at annulus 'n?

I = length of fish {cm) when caught.

Sn = radius of annulus ‘n!
and S = s

total spine radius.
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Because the spines were found not to grow in direct proportion to
the body length corrections were therefore made for allometric
growth. The method of correction used was that of Le Cren (1947).
Appendices 17 and 18 show the results of calculations based on
direct proportion formula and correction by Le Cren (1947) method.
Corrected mean standard lengths were calculated for each age and
these are given in Tables 3,1 and 3,2, The degree of error resul-
ting from uwncorrected back-calculation were also assessed
(Appendices 17 & 18).

The mean lengths of females and males of each age group were
tested for significant differences ('t' test) in order to verify
differences in growth rate. The result (Appendix 19) showed highly
significant differences between the mean lengths of females and

males, Therefore females grow faster than malea of the same age.
(a) Annual growth in length and weight.

Mean back-calculated standard lengths of each group were
rlotted from data on Tables 3.1 and 3.2 in order to follow the
growth ﬁattern of the two species through the 1ife span (Figures
3.8 & 3.9). The mean growth in weight was obtained by conversion
of the mean length data into weights using the length-weight
regression co-efficients (see later). The graphs show that the
females grow faster in length and weight than males of the same
age, The females also live longer than the males as shown by
analysis of annuli.,

Calculated mean yearly increases in lengths and weights are
shown in Table 3.%. Tables of yearly increases in lengths shows
a pattern of fastest growth in the first year of life (0 - 1) and
a decreasing pattern as the year of life advances, In E, niloticus,
about 56% and 69% of the total mean growth in length were accom-

plished in the first year by females and males respectively. In




' mable 3.1.
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Back-calculated lengths (ca) for age of female
and male Eutropius nilotlcus.
Age at Number of fish Mean length at age
capture  Sex examined 1 o 3, 4
Female 211 10,3
1+
Male 52 8.9
Female 187 12.4 15.1
2+
- Male 41 10,2 12.4
5 Female 35 12.9 16.6 19.7
+
Male 9 10.0 12.4 14,2
Female 3 14.2 17.5 20.0 22.4
4+ |
Male - - - - -
Mean Pemale 12.5 16.4 19.9 22.4
lehgth . Mal@ 907 12-4- 14‘02 —




Table 3.2,

55

Rack-calculated lengths (cm) for age of female
and male Schilbe mystus,
Age at No ef fish fean Length at age
capture Sex examined il 2 5
Pemale 24 10.9 - -
1+ :
Male 8 8.4 - -
” Female 47" 10,6 14.1 -
+
Male T 9.4 13,3 -
Pemale 2 10.0 14,2 17.1
2+
Male - - - -
Mesn Female 10.5 14.2 17.1
length Male 8.9 13.3 -
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Figure 3-8bo
(Eutropius niloticus,) Growth in weight during the

life-span of females and males.
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Table 3.3, Calculated mean yearly increment in length and.
welght of male and female Eutropius niloticus and
Schilbe mystus in Lake Kainji.
Growth in length (cw) during
yvear of iife Number
Species Sex 0~1 1 -2 2~3 3 ~4 examined
E. niloticua Temale 12.5 3.9 3.5 2.5 474
S. _mystus Female 1C.5 37 2.9 - 111
Male 8.9 4.4 - - 26
Growth in weight (g) during
year of life Number
Species Sex 0 -1 1 =2 2«3 3% ~4 examined
E. nileticus PFemale 21.4 25.4 40,8 65,5 474
Male 10.5 10.9 9.5 - 109
S. mystus Female  13.8  22.3  26.3 - 111

Male 7.6  18.6 - - 26
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S. mystugs about 61% and 67% of the total mean growth in length were
- acconplished in the first year by females and males reapectively.
The general patitern of yearly increment in welght shows that the
older the fish the higher the welght increase,

(e) Length -~ weight relationship,

The length-welght relationship were ecalculated using the
formula degcribed by De Cren (1951) :~ |

| W o= &L’ (3)
Equation (3) can be represented as
" Log W = loga+blogL (4)
where W = weight of fisk (g)

I = gtandard length of fish (om)
a = constant
and b = an exponent

The results of the regression are as seen in Tables 3.4 and %,5,
The correlation between the lengths and weights were found to be
nighly significent (P = 0.0) -~ 0.001). The overall regression
co~efficientes for males and females of each species showed that
growth is inometric 1, e. the weight did not increase faster than
the cube of the length. Back-calculstions of growth in weight
were made as described earlier using the co-efficients in Tables
5.4 and 3,5. The length-welght relationship are shown in Figures
3.10 & 3.11.

Be PHYBATLIA PELLUCIDA

No structure was found suitable for ageing P. pellucida,

Length~frequency histograms (Figure 3.12) showed two distinct
nodal lengths, If these are taken 1o represent age groups, then

it ean be said that P, pellucids life spun 1s short when compared

with other schilbeids. This asswipiion is supported by the follow-

ing observations: (1) They reproduce at very short standard
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Table 3. 4. Length-weight regressioa analysis of females

and males of Eutrouius niloticus in

Lake Kainji.

ptandard error Correlation

Age groups No of fish log a b of 'b! coefficien
Females

1+ 211 - 1,93 2,96 0.05 0.98

24 1879 - 2.08 T 10 0.07 0.95

5+ 35 - 2.79 3.65 0:35 0.87
All females 474 - 2.04 20T 0.02 0.99
Males

0+ ? - 103? ?.4? 00‘12 {)093

1+ 52 - 1,61 2436 0.12 0.95

3+ 9 - 2,35 3.34 0.32 0.97

All males 109 - 1.99 3.02 0.06 0.98




Table 30 5.
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Length-weight regression analysis of females and

maleg of Schilbe mystua in Lake Xainji.

Age groups No of fish log a b Standard error Correlation
of 'b! goefficient
Females |
0 . 38 c=2.25 3.29 0.14 0.97
1 24 -1.77 2.85 \0.28 0.91
2 . 4-7 —2.38 3.39 0-26 0089
3 2 - - - -
All females 111 =-2.20 3.24 0.06 0.48
Males |
0 11 -1,70  2.80 0.75 0.78
2 T ~2.81 3.76 0.47 0.96
All wmales 26 -1.83 2,93 0.09 0.99
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length indicating that they mature probably before they are one
year old. (2) The maximum standard length observed in the lake
for females was 13%.0cm and 12.0cm for wales. If they attained a
length of 8.0cm in the first year, they would only need 5 or 4cm
to grow more in order to reach the maximum size. Assumming that
growth declines with age, the remaining length can be added within
one or two years, If it takes longer, it then means that the
growth rate after first year's growth is exceptionally slow. It
ie also possible that P, pellucida after reproducing several times

within a year may die, thus living only for one year., There is no
evidence however to show that they die after spawning,

Another feature which emerges from the length-frequency histo-
grams is that the females have higher modal lengths than the males.
This indicates that the females grow faster than males, as with
other schilbeids, ILength-weilght relationships are represented by
the regressions log W = -2,%0 + 3.27 log I for females and Log W
= ~1,6% + 2.58 log L for males, Standard error of 'b' and the
correlation co-efficient are 0,17 and 0.81 respectively (females);
0.11 eand 0.89 respectively (males). The regression for both sexes
combined gives Log W = -=1,97 + 2,94 log L (S.E of 'b' = 0,11, r =
0.83). Secatter dlagrams were plotted for length-welght (Figure
%.13). These show the usual curve indicating that wéeight increases

with increase in length,

4. CONDITION FACTOR

Fiah condition will be described in relation to sexusl maturity
in Chapter PFive. 1In this chapter the variations in the condition
factor throughout a complete year were analysed for each species,
combining both sexes as males and feumales were found not to differ

(see Chapter Five)., The formula shown next page was used :-
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-~
i

W x 100 (5)
L3
where K = condition factor
W = weight of the fish (g)
| L = gtandard length of the fish (cm) -
Pigure 3.14 shows the variations in the 'X2 values within a calen-—
dar year, Perilods which fall below {he moan annusl values were

regarded as low condition periods., In E, niloticus the low periods

occurred from February to May and in 5. mystus from November to

January, and alse in April/May. In R. pellucida the low periods

were the months of Ociober {o January. Appendices 20 ~ 22 show
the range, mean and stendard deviation of 'K' in euch month for the

three species.
3.,0.4, DISCUSSION

Pectoral spines were found to he satisfactery structures fox

age and growth determifiations In Eutropius nileticus and Schilhe.

nystus and only about 0.9% of spines had to be discarded due 1o
uwnreadebility. False rings rarely occurred and these were less
than 2% in the samples. Only one annwlus was formed in each year;
thus pectorel spines are valid indicators of spe in these two
species,

| In recent years the pectoral spine had been founrd to be satig-
factory for age and growth studies and it has been used success-
fully for ageing several ascaled and scaleless fishes by Cuerrier
(1951), Sneed (1951), Scidmore & Glass (1953), Marzolf (1955),
Perry (1967), Bilton & Jenkinson (1969), Donnelly & Caulton (1969),
Caigher (1969), Deelder & Willemse (1973) and Van der Wasl &
Schoonbee (1975). |

|- The pectoral spilnes are presumably formed by successive _

_geposits of calcareous materials . The deposit as expected would
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vary according te the metabolism of the fish, According to
Cuerrier (1951), the formation and development of the bony rays
are agsumed tco be similar in nature to those of the menbrane )
bones of the skwll, where the osseous tlsgue is derived from conne~
ctive tissue, The translucent zone is therefore due to an abundant
formation of commective tigsue during the period of rapid growth,
converted later into bone tissuve, The opaque zone would correspond
to the periocd of metabolic inactivity during the pericd of slow
or no growth when ¢nly a small amount of counective tissue and
subsequent bone tissue is formed,

Concerning the factors involved in the process of ring forma-
tion, there ig & great deal of confusion (De Bont, 1967).
Thomson (1904) econcluded that the formation of annual zones was
due to seasonal varistions in the food supply. OCutler (1918) and
Jengen {1957) thought it was due to variations in temperature.
Bhatia (1931a, b, 1932) concluded frow his experiments that food
rather than temperature seemed to affect ring formation, Chevey
(1930, 1936) explained the presence of annuli on the scales of
some Indo-Chinese fish species as a result of variations in the
amount of water in the riveras. Brown {(1946a, b) thought there is

an internal cycle. Fagade (1974) studied Tilapia melsnotheron

(Ruppell) and found that the rings in the opercular bones were due
to spawning activities. Bishal & Gideiri (1965) associated ring
formation with spawning end reduced food consumption in

Synodontis spp. Willoughby (1974) also arrived at the szme cone

elugions with regards to the Synodonhtis species in Lake Kainji.

Garrod (1959) in his observation of Tilapia esculenta (Graham)

also cencluded that rings on the seales were causced by spaviing
activities, Poinsard & Troadec (1966) related the formation of the

annual rings in the otoliths of Scisnidae from West Africa to the
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cold season. Daget (1952), Johnels (1952) and Lowe-McConnell
(1964 ) associsted annual ringe with the dry season,

The possible causes of snnual rings in E. niloticus and

S. mystus in Lake Xainji were investigated. Figures 3.15% & %.16
show the seasonal variation of some of these factors within an
annual cycle, The condition factor (K) was found to be high
throughout the year and particularly between June and October when
the rings are formed, FPeeding intensity was fairly high (>50%)
between June and October in both species. Fat deposition was high
except for a fall in S. mystus during August. It was therefore
concluded that variation in feeding was not the cause of annulus
formation in the two species. Among the other factors, temperature
was eliminated because the annual fluctuations is very low (< 6°C)
and Garrod (1959) considered this to be insufficlent to cause ring
formation., Secchi disc readings showed that the lake water was
generally becoming turbid during this period which coincides with
the annual drawdowm and rainfall. The formation of the ring can
be correlated with fall in water level and increasing turbidity

of water. It is not known how water level can interact with the
fish to cause the slowdown in growth which eventually results in
the formation of the annulus. In cese of transparency, this can
be explained as follows. Growth of fish is under the control of
the pituitary gland which pecretes growth hormone, Changes in
light and other factors often induce marked activity of this gland
(Hoar, 1957). It is therefore possible that when the amount of
light penetrating the water is reduced, the activity of the glend
will be reduced thus slowing dovn growth or bringing growth to a
standstill even if the feeding intengity of the fish is not
reduced., Thus the predominant cause of annulus formation is
increasing turbidity of water amplified probably by breeding in the
older fish.
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Figure 3415.

(Eutropius niloticus.) Time of annuvlus formation and

factors which may be causes of annulus formation.
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Figure 3,16,

(Schilbe mystus.) Time of annulus formation and

factors which may be causes of annulus formatiom,
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It is interesting to note that the period when some fish in
West Africa lay down annual rings falls within June to October.
Fagade (1974) found that Tilapia melanotheron in Lagos Lagoon lay
annual rings during Jue to October. Willoughby (1974) who studied
the Synodontis of Kainji Lake also noted that nearly all the

eighteen species lay rings around June to October, Johnels (1952)
also observed that moat of Gambian fish species formed their annual
rings during June to October. Poinsard and Troadec (1966) also
found that the opaque bands in Scianidae otoliths from West Africa
were formed from June to September, The period June to October
falls within the rainy season when most of the West African fish
species breed,

Growth was faster in females than in males of the same age.
Generally in both sexes, the rate of growth decreased with age.
Groenewald (1964) esnd Gaigher (1969) fownd that the females of

Eutropiue depressirostris in South Africa grow larger then the

males., Comparison of growth of S, mystus in Lakes Kainji and
Kariba (Table 3,6) shows that Kainji specimene grow faster than
samples from Kariba., No similar data are available for E. niloticus]

but comparison of the growth of E. niloticus in Lake Kainji with

a related species, E. depressirostris revealed the same conclu-

sions,
Changes do occur in the length-weight relationship throughout

the 1life of the two species, The general trend is one of increas-

ing weight per wnit length.
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4,1.1, INTRODUGTION

In this section, the.food habits of the five schilbeld species
are described., Whers sufficlent samples were obtained, the
variation of tne diets with fish lengths, seasons of the year and
time of the day were also assessed. There are several reasons
why it 18 desirable that information on the food of the schilbeids
should be known. Apart froum the contribution it will make to
underatanding the biology of the family, 1t will also help in
understanding the complex trophic relationships existing in Lake
Kainji. Such information may also be useful to fishery maenasgement
planners who may need the vital information for the formulation of
management policies.

Although detailed studies on the diets of some of the wajor
fisb families in Lake Kainjl have been done, hone has been attemp-
ted on the Family Schilbeidae. Studies on the diets of other
families in the Iake are by Ajayi (1972) for the Family Bagridae;
Arawomo (1972, 1676) for Citharinidec; Willoughby (1974) for the
Mochokidne; Akintunde (1976) for the Cichlidae and Lewis (1974a)

for Hydrocynus sp. Before the impoundwent of the River Niger,

Imevbore and Bakare (1970) examined the stomachs of a few specimensa

ef E. niloticus and 5, myesbus and resched some conclusions about

their diets. Remarks, usually wmsupported by data, on the diets
of the schilbeids can also he found in PBanks et al (1965) and
Lewis (1973h).

In other parts of Afrieca, very fow detailed investigations
'have been atiempted and most of the work done has been part of
general survey progrsumes and of necesgsity on 8 small scale. How-
ever, some information can be obiamined from the general studies by
Pekkolsa (1919}, Sandon & El-Tayib (1953), Verbeke (1959),
Groenewald (1964), Potr (1967), Reynolds (1967, 1970), Corbet
(1961) and Whitetead (1969).
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4.1.2, MATERIALS AND METHODS

There are & variety of methods open to the fishery biologists
to assess the stowmach contents of fish. Hynes (1950) gave a
review of thess and has pointed out their merits and limitations.
He coneluded, however, that each method presents essentially tbe
same suamary of the diets. Thus whatever the method employed the
overall picture of the main food iteme of the fish will still be
rortrayed, A method suitable for assessing the diets of a pisci-
vorous fish however may not be suitable for a fish feeding mainly
on phyto- or zooplankton. The final choice of methods used will
be guided by the purpose of the proposed study, it will also
depend on its suitability of application to the fish being studied.
It is advisable to use various methods so that the advantages of
one nay counteract defects in another,

Stomach contents were examined using the following ways of
gscoring :-

(a) Points method.

(b) Numerical method.

(c) Frequency of occurrence method.
Not all assessmcnts were sultable for the analysis of the diets of
the five schilbeid species. Methods (a) and (c¢) were used for

Butropius niloticus, Schilbe mystus and Schilbe urancscopus while

methods (b) and (e¢) were used for Siluranodon auritus and

Physailia pellucida, Fish samples were obtained as described in

Chapter Two. Initially, the stomachs were preserved in 5%
Formalin and stored for later examination, but when this was found
to be wmsatisfactory, the stomach contents were examined fresh,
Thus about 0% of the stomachs were exazmined fresh because the
stomach contents still retained their colour, original size and

features which made identification of the food organisus easier,
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1.  The Points / Stomach fullness Method.

Stomachs for e¢xamination were removed from the fish and the
volume of food therein was estimated by the stomach's fullness ag
expressad in Table 4.1. Points falling in-between those on Table
4.1. were also awurded where appropriate. After grading, the
stomachs were opened lengthwise and the contents were washed into
- Petri dishes containing 1l0ml of water. The food items were
separated in the first instshice into major groups e.g. fish,
Insecta, Crustacea, Mollusca, ete., and later into Families, Orders,
genera and where possible into species. Points were then awarded
to the food items according to the volume they were judged by eye
to have occupied in relation to the total wvolume of food in the
stomach, Thus the sum of the points awarded to indivlidual dietary
items was equal to the point awarded for the stomach size. IThe
points awarded for the individual food lLtems in ecach fish were
sumned and the percentage contribution made by each determined for
each month. The monthly pools were again summed end mean values
calculated for the whole period of study. The final figures gave
the relative volume of the fqod items fougd in the stomgéﬁs and
were expressed in percentage.

This method shows the importance of each item in the dicet of
the fish. The major criticism of thie method is that it is
subjective, though Hynes (19%0) states that this effect can be
eliminated if large samples are analysed over a long period by a

single observer.

2 Phe Numerical Metihod

This wethod was used for the smaller schilbeids. These fish
possess very small stomachs and it was difficult to know whether
a otomach was eupty or full. The food organisms were also very

emall. and could not be separated wilh the nsked eye so that a

s
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Claassification of stomaci fullness.

Btomach size

Descrirtion Points

PFull stomach

% Full stomach
%+ Pull stomach
+ Full stomach

Fupty stomach

The stomach bulges consider- | 160
ebly with food. Stomach wall

very thin and transparent.

The stomach is almost full but 75
does not bulée.

Food occupies about 50% of the 50
etomach volume, |
Stomach wall very flabby, some- 25
times looked as if emptied,

No visible food in the stomach 0

when dissected and examined

| under the microscope.
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-stereo or compound microscope had to be used.

The stomachs were removed from the fish and the contents
gpcraped into watch glasses. TFood items were separated into genexa
or species where possible and counted under the stereo microscore.,
In some ins{ances where many food organisms had been consumed it
was lmpossible to count the individual food items., It was there-
fore necessary to take sub-samples, DSub-ssmples were taken as
described below :~

(1) 51 of water was added {o the stomach contents and mixed
thoroughly.

(2)I_ 0.5m1 of this was plppettecd on a slide and examined
wmder g low power (x 40) of a compound microscope or
high power {x 40) of a stereo micromcope.

(3) Procedure (2) above was repeated {wo more times and on
each occasion the sample was mixed thoroughly before
pippetting O0.%5ml,

(4) . The food items were identified and counted. An average
of the counts was taken in order to arrive ai{ ‘the mean
estimated number,

(5) The mean estimated number was then multiplied by 10 to

' obtain the Ifin=al number.. '

The total numhers of ce¢ach fooud item was computed for each
gpecimen for each month of study. The percentage contributed by
each item was then calculated for any degired period. With this
method the compositicen and relative importance of varicus items of
the dlets were assessed but it was very laborious and small
organisms which occurred in large nunbera in the stomach uasked
the importance of big organisms which occurred in small numbers,
This problem could be eliminated 1f the weighfs or volume of the
food organisms are determined but this was nol underitaken hecause

of the small sizc of the food organisus.
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3,  Diurnal feeding pattern.

-Information on the diurnal feeding patiern waes collected by
sampling throughout 24 hours in the last days of November and
December 1974, To obtain samples, smsll £I111 nets were set near
the Shagunu Field Station at station J. ALl the fish caught by the
gill nets were removed at three-hour intervals round the clock.

The fish species were counted and the numbers recorded. Later,
the schilbeids were removed and the rest of the non-schilbeid fish
were discarded. The lengtihs, weights and gonad condition of the
schilbeids were recorded and the stomachs removed and analysed as

deserihbed above,
4, Yeeding and Fat deposition

Fat depeeition either in the tissue or the ahbdowinal cavities
is often linked with feeding success (Okedi, 1971). To see whethexr
this holds for the schilbeids in Lake Kainji, fat deposition in
the abdominagl cavity was followed throughout the year. The

abdominal fat bodies were removed Irom the fish and weighed,

B, Feeding Experimenta,

Aquarivm tank observations were made only on the feeding

behaviour of ¥. niloticus, for otber species did not survive in

the tanks for more than 48 hours,

The two specimens used in the experiments were kept in
aquarium glass tanks measuring 60 x 30 x 30cus at a water tempera-
ture of 22.5% L 190, 9he fish were starved for %3 days and were

then offered a variety of items in sequence gz llsted in the

results (Table 4.4). The behaviour of the fish was also obscrved.
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4.1.3. R E S UL T S

A, The composition of the stomach contents

The list below itemizes the categories into which food items
were grouped and gspecifies the species cr wider groups identified
within the categories. Where neceasary brief notes are added for

clarification.
(a) ALGAE
Blue-green :- Anabaena sp,, Nostoc sp.

Green :- Protccoccus sp,, Endorina sp,, Yolvox sp, Scenedesmvs

8p, and Pediastrum sp.

Diatoms :- lMelosira sp.and Navicula sp.
Desmids :~ Closterium sp. Rofifers i —

Dinoflagellate := Glenodinum sp é&umtclla ¢ochlearic and
o X £

Prichocercia sp.

(b) PLANT REMAINS
These were made up of leaves, seeds and fragments.of wood. ..
There was no sign that they were bitten off from plants.
They were probably scavenged from the areas near the shores
or at the surface of the lake,

(e) CRUSTACEA
Planktonic forms :-~ Bosmina longirostris MULLER,

Diaphanosoma excisum SAKS and
Non-planktonic forms :~ Usually found smong the reeds at
the littoral areas of the lake.

Cyclestheria hislopi BAIKD, Caridina sp.

Ostracods, no attempt was made to distinguish between
creeping and free-swimming forms.,
Macrobranchivm sp.

(a) INSECTA
This included all the insects both terrestial and aquatic
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either in adult or larval forms,
| Insect remains :~ these were mainly made up of various

insect parts which were partisily digested, These could
not be identified further. _ | o

Orthoptera :- mainly terrestial adult grasshoppers but stick
ingects and praying mantide occurred cccasionally in the
stomachs,

Hymenopnters :- ants only, they were not common in the
atomachs,

Trichoptera.

Colecptera :- adult insects included terregtial and aguatic
forms,

Diptera :~ immature stages of Chironomids and Chaoborus sp.

Ephemeroptersa :~ mainly Povilla adusta NAVAS, Nymphs of this

burrowing mayfly line tbheir burrows with a silk-like
substance. They remain in them by day but swim actively
after dark. Mature nymphs both males and females emerged
periodically anbund 7.00 and 8,00 p.m. {locul time) and
they were often attracted fto light. The females were
mostly gravid.
‘Hemiptera :- both terrestial and aquatic adult forms were
found in the siomachs,
(e) MOLLUSCA
Empty pastropod shells were found in only two stomachs.,
(f} 7¥ISH |
Fish remainsg :-.These were made up of reccogiizable fish
perts, for example, skulls, vertebrae, apines, which were
partially digesied. Partislly digested whole fish vere
also included here,
Whole fish i~ These were still intact from head to taill anad

could still be classified in{o genera ox species.
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Pish egge :- these belong to other fish,
Fish scales :- they were presumed to have been scavenged
from dead fish at the bottom or surface of the lake.
(g) BIRD REMAINS
Included feathers and other parts of the body picked up
from dead birds. Found in two stomachs,
(h) BOTTOM DEPOSITS
Inorganic :~ Mud, fine sand and gravel of very small size
which were probably picked up accidentally with the food,
Organic :~ Detritus, includes fine materials usually of dead
vegetable and animal origin, all finely mixed up. Probably
scavenged from near the shore.
(1) OTHERS
All well digested wun-identifiable food contents were

grouped here.

B, THE FOOD AND FEEDING HABITS OF EUTROPIUS NILOTICUS e

B.l. The food items selected

Table 4,2 lists the food items found in the stomachs of

E. niloticus, The relative contributions of the food items are

expressed as percentage occurrence and points. Insects formed

the main food while fish were of secondary importance. The rest
of the possible food items were of minor importance; e.g. the
crustaceans, bottom deposits and plent remains, Closer examination

of the individual food items ehows that Povilla adusta nymphs and

imapoe and pgraschoppers were the most important insects in the
food, They occurred more regularly in the stomachs and constitu-
ted a fairly large proportion of the food taken. Coleoptera and
Hemipterans c¢an also be considered to be taken by a fair propor-

tin of the fish although the volure contributed to the total
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Table 4.2. Relative importance asnd Freguency of
Occurrence of dietary items in the food
of Eutropius niloticus.

No. of stomachs with food = 909
No. of stemachs without food = 508

Totel numbers of stomachs examined = 1417

Dietary Items

% Frequency of % of Total points

Occurrence awarded
Insect remains 41.36 14,55
Adult Insects
Coleptera 6.82 2.58
Hemiptera 3.52 2.17
Hymenoptera 0.88 0.08
Ephemeroptera 0.33 0.0L
Trichoptera 0.11 0.01
Orthoptera (mainly grasshoppers)l0.89 11.3%9
Immature Insects
Povilla aduvsta Nymph & Imagos 54.14 2L.37
Dragonfly Nymph 1,65 0.92
Chironomid Larvae 1.65 0.82
Chironomicd Pupae 1.76 0.33
Chaoborus ap.” Larvae 0.22 0.01
Trichoptera Nymph Q.88 0.21
TOTAL INSECTA 64.45
Fish remains (including whole 16.17 12.94
fish)
Fieh scales 19.47 9.39
Pish egpes 0.77 0.53
TOTAL FIEH 22,86




Taltle 4.2. (cont4d,
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)

Bostina longirostris 0.33 0.15
Cyclestheria hislopi .99 0.81
Caridina sp. 0.66 0.13
Macrobranchium sep. 0.11 0.03
Ostracods Q.11 0,01
TOTAL, CRUSTACEA 1.13%
Datritus 4,85 3,20
Mud, sand, pebbles etc., 4.18 2,02
TOTAL BOTTONM DEPOSITS he22
Plant remains T.48 3.69
Gastropods 0,22 0.02
Blrd remains 0.22 0.32
Qthers 5.72 231
TOTAL (Plant remains, Gastropeds etc.) 6.%4
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stomach contents was very low. The other insects on the table
were not important in the diets.

Fish scales were often encountered in the stomachs. The
frequency of occurrence and the volume show that fish scales were

utilized with some regularity by E. niloticus, Sand and small

pebbles which were found in the stomachs were not considered to be
part of the food. They were probably sucked up accidentally while
picking other food items from the lake bottom. This assumption
wasg confirmed by the fact that sand or pebbles were not found
alone in any stomach but were always in mssociation with detritus

materials. Some fish (e.g. Citharinus sp) are known to ingest

sand particles because of the algae attached to them (Arawomo,

1976).
The food items suggest that E. niloticus is omnivorous although

insects predominate in its diet than any other food items. Fish
were of some importance and the prey-~fish which were recognised
from the stomach contentis are listed in Table 4.3. The most

importent were the clupeids, and Chrysichthys auratus (Geoff.).

They were fowmd in about 77.8% and 19.5% of the stomachs which
contained jidentifiable fish respectively. The clupeids formed
about 96% of the fish prey organisms while C. auratus formed aboutb

1.6%.
The prey~predator length relationship (Fig. 4.)) shows that

when the predator measured up to 16,0cm the prey length never
exceeded 4cm, with a mean length between 2 and 3cm. Above 16.0cm,
the prey length was between 38 - 40% of the predators' length.
This relationship reflects clearly the type of fish prey selected
by the predator at different length groups. The clupeids are the
only fish sufficiently small to be taken by the smaller E. niloti-
cus (S.L<16.0cm), while the bigger Eutropius have a wider variety

|
of fish upon which they can prey, e.g. Alestes sp, and Chrysichthys
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and the size selected is a function of the size of the predator.
B, 2. Seascnal feeding Intensity

The number oi fish with food and those with empty stoma&hs

- were recorded for each month throughout the period of investiga-
tion. The wesn monthly volmme of food as estimated by the points
method was also calculated for the feeding fish and the total fish
exauined. The two methods were ugsed to indicate the feeding

intensity of E. niloticus during the pericd of study. Pig. 4.2

suggests a constantly hlgh rate of feeding setivity (>55%)
throughout the year. If the intensity of feeding is assegsed from
the bulk of food within the stomach there is a seasonal trend,
with the highest intensity in November and Decemboer and again in

May.
B.%. Seasonal variastions in the food items sclected.

- The food ltems selected were found to vary seasonally.
Figure 4,3 depicts the tremd throughoui the year, The food items
gelected at any time of the year seems to depend on thely abundancs

and availsability to the predators, Dovilla adusts nyuphs, although

occuring in the stomachs regularly, were found to be utilized by
about 554 of the fish and constituted about %0% of the stomach
contents during the draw-down periocd (April to Augusti). This
finding confiirms Bidwell (1976) who found that 2, adusia were very
shwidant during the draw-down period. GCGrasshoppers were very
lmportant in the months,Cctober to February. This period coin-
cided with the period when P, adusts wére less abwmdant in the
lake and when the water level wag rising snd lnundating terrestial
habitats, Thus the major gap left by P. sdusts was £i11ed by the

grasshoppers, hemipterans and the coleoryierans. This appesred to



100

o—-—-—e Mean points of total fish
e—— —e Mean points of feeding fish
80 o———o % FE‘E‘diﬂg fish
E e
o * ¢ .
g \ \.__.._.o/ \
60-1 T~ . '\
N [ S e _ o /..-—o
5L //’"' \\ ,/
L
*:3 ./ \ _-_,--.‘ / \\ / ]
04 6l o= NG v A
& L \, P /
g e Ngo- - : - ]
2 - T —-0/ ot \./ b \./ .
20 .
0 11 ! 1 L k| | 1 1 | | 1 I
I F M A M J J A S O N D
Number of 59 152 183 10 101 106 162- €% 39 37 100 199

fish examined

Pig. 4.2, (Eutropius niloticua.) Seasonal feeding

intenasity pattern.,

Feeding fish

o

Mean points of total

‘fish



100 -

o—-—-—e Mean points of total fish
o— — —e Mean points of feeding fish
80— . e °/ Feeding fish
L
2 *——o
L]
E‘ \ \.__./.\
604 B E .\
& T . . fioen =
5 | //"’ \ //
[ ~
40 £ _____._....--./ \.-—""".\ / \./ .___.:1
1 & \ /
o -/. \./ -
s | N\ /
@ .-... -/ \ - /.\ 7 b
2 S M \‘\./ '\./ o
20~ -
0 L1 1 | | ] 1 1 | 1 | | |
J F M A M J J A S5 0O N D
Number of 59 152 183 N0 101 106 162- 69 33 137 100 199

fish examined

Pigo 40?.

(Eutropius niloticus,)
intensity pattem.

Seasonal feeding

Feeding fish

°le

Mean points of total

fish



1sect
remamns

Pavilla
nympt

Charormnd
larvae 4

pupae

Coleoptera

Detntus

(Eutropius niloticus.)
in composition of diet,

Seasonal variation



be advantageous to B. niloticus becsuse of the continuity of

insect supply throughout the year, Grasshoppers were very common
around the Field Stations in the above mentioned months., Those

found in the stomachs of E. niloticus were likely to be those which

wera drowned in the lake, The stomachs of the fish were often
distended with grasshopper meals and hecause of their large size
only one grasshopper was found per stomach in most cases. This
would reduce the time spent for foraging, possibly advantageous

to the fish. Unidentified insect remains formed over 10% but not
above 2% of food contents found in the stomachs in most of the
months, Food itemsc from fish sources (excluding fish scales) were
consumed with fairly equal depgree of intensity throughout the year
except for the months of November to January. Fish scales were
also consurzed in most of the months except in April to July during
the draw-down when P. adusta was available in large quantity,
Feeding on bottom food was reduced from April to October. The
other food items did not show any marked seasonal variations in

their occurrence in the stomachs.

Bo4.,’ Variations in the food items selected by different

age groups.

E. niloticus was grouped for anslysis into age groups as

observed from the pectoral fin sections (see Chapter Three),

Not all the food items listed in Table 4.2 were found to be

important to the different age groups of E. niloticus, Different

age groups consumed more of one food item than the others,

Figure 4.4 depicts the range of principal food items selected aﬁd
the frequency of selection by the different age groups. There was
an overall correlation between increasing amowmts of larger food

items and increasing age end size of the fish (see also Fig. 4.1).
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In the first year of life (0O+), Povilla adusta formed about 40%

of the food taken while ingsect remains formed about 20%. No other
single food items formed up to 5% of the total food consumed.
Although P. adusta was still selected by the majority of the popu-
lation other food items were also becoming important in the second
year of 1life (1+). Grasshoppers, fish remains and fish scales
were also important in the second year., In the third year grasse-
hoppers, fish remains and fish scales were the dominant food items.
Grasshoppers formed sbout 18% by points and 104 by frequency of
occurrence whereas fish remains and fish scales formed about 20%
and 12% by points respectively and 14% end 12% by frequency of

occurrence respectively. Although Povilla adusta was still consu-

med by the fish, it was not an important part of the diet, Fish
remaing predominate in the diets during the fourth year of life.
They were found in the stomach of about 25% of the fish and formed
about 37% of the total food consumed., Insect remains, grasshoppers,
fish scales and plant remains also constituted a significant
portion of the food in the fourth year of life.

It can then be summarized that, wmidentified insect remains

and Povilla adusta decreased in the diets with increase in fish

length while grasshoppers, fish remains, fish scales and plant
remains occurred more often in the stomachs as length increased.
Other food items seemed not to show any significant changes in
relation to length of E. niloticua,

B.5. Feeding experiments

The feeding experiments which were conducted with fish of

Standard Length 20.5cm and 18.3%cm show that E, niloticus was very

discriminatory in food selection. The results (Table 4.4) also
indicated that complete digestion or emptying of the stomach often

took place on average once every 48 hours, although this probably



Table 4.4. Yeeding pattern of Eutropius niloticus.

Results Time when fed
Date  Ttems offered Pieh 1 Fish 11 Pish 1 Fish 11

2.5,76 Dried Povilln

imago (given - - lla,m. 10p.m.

afier starving |

for %3 days)
3.5.76 Cotton wool - - 1la.m. 10p.m.
%.,5.76  Fresh leaves of | | ‘

" Parkia sp - - 1la.m.  10p.m.
4.,5.,76 ILive coleoptera + + 1lls.m. 10p.m,
5.5.76 Live grasshopper - - lla.m. 10p.m.
6.5.76 Iive stick insect + + lla.m. 10p.m.
T.5.76 Live grasshopper - - 1la,m. 10p,um,
B8.5.,76 . Live grasshopper + + lla,.m. 10p.n.
9.5.76 Dead (but fresh)fiash- - 1lz.m. 10p.m.

10.5,.76  Dead (but fresh) + + lla.m. LOp.m,

fish

- Item was rejected

+ Item was consumed
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depended on the rate of digestion of the various food items
consumed. It is presumed that feeding did not take place untll
the previous food talken had been emptied from the stomach, This
obgervation was alse confirmed from the examination of the stomach
contents of the fish captured by the gill nets, The contents in
the stomach were often found in a similar state of digestion.

This means that there 1s & regular diet pattern in feeding,

Hungry fish were always very restless and darted here and
there picking up any materinls floating on the surface of the
water. Some of the materisls picked up were immediantely rejected
while the favoured ones were consumed (see Table 4.4). A well-
fed fish swam gently, ignoring all the food materials in or on
the water., PFeeding tock place in the tank at sny time of {the day,
which confirmed the field observations made during the 24 hours
sanpling programme. In the field the peak pericd of foraging
however, was found {to be between 18,00 and 23,00 hours (ree
section G of this chapter).

The methods by which E. niloticus locates its prey organism

are not studied. However, Tafeda (196)) noted that the catfish,

Ameiurus melas uses the barbels in locating ite food materisals,

Ce THE FOOD AND FEEDING HABITS OF SCHILBE MYSTUS.

"Cole The food ltems selescted.

Ingects and fish were two major groups in the Qiet of

Schilbe mystus {Table 4.5). Pish materisls were the most impor-

tant feood item for they formed 63% by points of the total
stomach content. The prey fish selected by the predator were
small and although a wide variety of fish prey was fouwnd in the
gtomachs, the clupelds were consumed more than others. Others

included Alesies leusciscus, Chrysichthys aurstuz, Eutropius
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- Mable 4.5,

¥o. of stomachs
No, of stomachs
Total number of

N R P A L

1

Composition, Relative importance and Selection
of dietaxry items by Schilbe nystus in Lske

Kainji.
with food
without food
stomachs examined

= g1

= g5
= 176

% Frequency of

% of Total

Dietary Items Qccurrence Points awarded
Ingect remains 23.08 1l.58
Adult Insectis "
Coleoptera 2,20 | 2.8%
Hemiptersa 5430 0.81
Orthopters (mainly Grasshoppers) 5¢49 5430
Immeture Insects . .
Povills sdusta Nymphs 18,68 1.98
Dragonfly KNymphs %430 2,81
Chironomid Larvae 549 0.5
Chironomid Pupae 3430 0.27
TOTAL INSHCOTA 25,05 _
Pish remains 49.45 45,98
n scaloa 2.20 0.82
*  whole 9,89 16,24
TOTAL ¥ISH 63,04
Caridina sp 2,20 0.27
Others 3.30 0.74
TOPAL OTHERS 1.C1




niloticus and the youmg of Tilapia sp. Insufficient stomachs

were found with whole fish in them for measurement to determine
predator / prey length relationships but evidence from the few
stomachis with whole prey suggested that the size of the prey
selected was greatly influenced by the size of the prey and the
mouth gape of the predator. Insects formed about 36% of the total
food and wmidentified remains formed the major bulk, However,

adnlt Coleoptera and grasshoppers, Povilla adustas and dragonfily

nymphyg were the important insects found in the stomachs., The only
'crustacean, Caridins sp. in the diect was an unimportant component

of the food.

C.?2, Seéaonal variation in the food items selected.

Fish materials cccurred in the stomachs regularly for most
of the months during the year except in December, March and June,

Povilla adusta nymphs were imporftant in the diets during fthe draw-

down period and at the begining of the "white flood" frow March

to August, Grasshoppers were only teken in those months when

P, adugtr were not available, thus the months of Octobexr to
December snd May were the most important months for grasshoppers.
Insect remains occurred regularly in stomachs except in the monthe
of May to Sepiember which were dominated by fish materials and

P, sdusta (Figure 4.5).

C.3., - Varigtion of foed with fish sizes.

| 'Figure 4.6 shows the variations in the food ltems selected
by the different ege groups. In the first year of life (0+) the
fish were found to feed on the full range of food items but with
the insects az the main diet. Older fish (1+ end 2+) seemed to
feed glmost exclusively on fish. Larger inseets like grasshoppera

and Povilla adusta nymphs played a minor role in the diet.
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C.4. Seasonal Feeding intensity.

The seasonal feeding intensity pattern (Figure 4.7) shows
that feeding was generally low during February to May but from
July feeding gradually rose to & peak in November, The low
feeding intensity in Mebruary to May is rather surprising in view
of the fact that no Bhortage of food supply was found to occur at
those months, The clupeids which formed their main. diets are
abundant throughout the year (Otobo, 1974), similarly Povilla
adusta nymphs which constitute an important part of the diet are

abundant at that period (Bidwell, 1976).

D. THE T'O0OD AND FEEDING BABITS OF PHYSATLIA PELIUCIDA.

D,.l, The Tood items selected.

The composition and relative importance of the dietary items

found in the siomachs of Physsilia pellucida are as seen 11 Table

4,6 which shows that P, pellucida fed almost exclusively on swall

erustaceans and immature insects. The small crustaceans formed
about 86,9% of the food while the insects, formed 13.1%. The

most dmportant crustacegn was Bosmina Jongirostris, Other crusta-

ceans of leas importance are as seen in the table., The insects

 were mainly the immature stapes of dipterans and Povilla adusta,

Povilla adusta nymphs, chironomid larvae & pupae and Chaoborus sp.

lervae occurred freguently in stomachs, The importsnce of

Boemina longirostris and Chaoborus sp. seem to be over-emphasized

if the total numbers of organisms is considersd alone., These two
organisms are small and meny would be needed to ill a stomach;
whereas one Povilla larva or pupa would do so. Although the
contribution of Povilla nymphs and Chircnomild larvae and pupae
seemed to be low when numbers alone were considered, it is worth

emphasizing that they were equally ss iwportant as Bosmina or
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Chaoborus if the total volume or weight contributed by each
dietary item was taken into consideration,

Do 2 Seacsonal variation in the food items selected,

Figure 4.8 shows the seasonal variation in occurrence of food

organiems in the stomachs of P, pellucida. No stomach was examined

in the months of January and November. Povilla adustia nymphs were

utilized by over 40% of the population throughout the year
although they did not constitvte as much as 5% of the total number
of organisms found in the stomachs in any month. Chaoborus sp.
larvae formed over 60% of the stomach contents in the months of
May to July, the draw-down period., In those months when feeding

on Chaoborus sp. larvae were reduced, PFosmina longirostris seemed

to become important. B. longirostris formed the main stomach
contents from December to April and from August to October., The

seasonal fluctuations in consumption of Bosmina longirostris

corresponds to the variation in sbundance of the organisms in the
lake (Clarke, per, comm,), Chironomid larvae and pupae were fownd

in about 30% of the stomachs examined from July to December,
D.3. Seasonal feeding intensity.

The seasonal feeding intensity pattern was observed by noting
the percentage of feeding fish in all months as shown in Fig. 4.9.
That about over 45% of the fish were feeding at anytime of the
year suggests that the fish fed well throughout. In the months
of May to August however, the number of fish examined was low and
the figure obtained were not therefore, likely to depict true
trends., The period May to August falls within the draw-down

regime when the numbers of P. pellucida in small nets were very

low.
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D.4. Variations in the food items selected by different

length groups.

The percentage frequency of occurrence of the food items in

the stomachg of the two length groups of P, pellucida are shown

in Table 4.7. The table shows that in the larger group,the fish
species could feed on all tho items listed in the table, whereas
in the first group feeding was restricted to a few items, '

Povilla adusta was utilized more by the second group than the

firet group. Chironomid larvae were importani to the first group

- whereas the pupee were consumed more by the second group.

Chaoborus larvae, Dinphanoscma sp.}Caridina sp.end Conchostraca
were also important to the second group while Mesocyclops spswere
consumed more by those of the first group.

E. The food of Schilbe uranoscopus.

Tt was reported earliex that S, uranoscopus 1is very rare in

Lake Kainji, Only seven specimons were found in samples ithrough-
out the twenty-four months of szmpling. Their stomechs were
exanined and it was found that they fed almost exclusively on fish,
ldentifiable as clupeids. Other food items might be found in their

stomachs if larger nuwubers of S. uranoscopus had been available

for study.

P, The food of Silursnodon auritus.

Silurancdon auriius was not found regularly in semples snd

the few specimens examined (46) were mainly females collected in
- the creek sarea close to the Pield Station from July to October
11975, Detailed analysis of feeding trends was not possible. Some

general but tentative conclusions can be drawn from the few



Table 4.7. Varistion of food items with age of
P, pellucidsa,

Length ranges (om) 5 « 7.9 8 - 12.9

ISt group 2“d group

% Frequency of Occurrence

Insect remains - 17,14 T.14
Coleoptera o - 0.89
Povilla adusta Nymphs | 28457 45.53
Chironomid Larvae ' - : 42,86 10.71
Chironomid Pupae | ; 5. Tl 8.04
Dragonfly Nympbs ' - 0.89
Chaoborus sp. larvae 20,00 47.32
Bosmina longirosiris o 37.14 35,71
Diaphanosoma excisum e 5.36
Caridina sp. : - 14.29
Mesocyclops Sp. S 14.29 2,68
Ostracods . _ 2.86 0.89
Conchostraca - 8.93
Fish remains | - 0.89
Pebbles | | - 0.89
Others ' - 2,67
No, with recognizable food contents 35 112
No. with fully digested food contents 46 | .65
No. with emply stouwachs 63 1

Total number examined 144 244




stomachs examiﬁed. The stomach contents auggést that they eat
phytoplankton although a few immature insects and crustacea were
oceasionally found in their stomachs, Table 4.8 shows the compo-
gition of the diets and the relative importance of wvarious food
itema, The wost important algae frequently selected by the fish

were Volvox sp.and Melosira sp. Nostoc sn, Protococcus sp. and

- Budorina sp.were also of minor importance in the diets. The only
lmportant source of animal protein in ihe food was Bosmina ‘

longirostris, the zooplankter which also formed a significant

portion of the food of-Physailia pellucida.

G.. . DIURNAL FEEDING PATTERN. - y

Observatlions on the diurnal feeding pattern of the three main
) gpecles shows that feeding takes place at anytime of the day, but
- with peek feeding periods between 18,00 and 23,00 hours (7.00 -
12.00 mid-night local time), (Tables 4,9 and 4,10), This waa
found to coincide with the period when the main prey organismas
were also very active. The following prey organisms formed a
large proportion of the main diets of the three schilbeids; the

clupeids, grasshoppers, Povilla adusta, Chacborus sp,larvae,

Bosming longirostris, Chironomid larvae and pupae (Table 4.10).

That these prey organisms were very active arcund the stated hours
was confirmed from reports of other workers. Petr (1970) reporfed
that the emergence of imsgos of P, adusta pcecurred between 18,30 -
19.00 hours. Reynolds {1971la) obsexrved that the clupeids migrute
vertically to the surface between 17.40 - 18.45 hours in Lake
Volta. Similer verticsl migration was observed in Lake Kainji
(Otobo, per., comm.). McGowan (1974) noted that Chaoborus sp.
larvae were active st night, Personal observations of the grass-'
hoppers showed that they were noctumsl with peak activity period

between 18,00 -~ 22.00 hours. The synchronization of the feeding
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Tabie 4.8, Composition, Relative importance and
Selection of dietary items by Siluranodon
auritus in Lake Kainji.

No. of stomachs with food
. No. of stomachs without food
No. of stomachs examined

= 34
12
= 46

Dietary Items

% PFrequency of

% of Total

Qccurrence number counted

ALGAE
Blue-green Algae

Anabaena 8p. 22,20 2.40

Nostoc 8p. 22.20 13.00
Green Algae

Protococcus ap. 33433 5.24

Budorina 8P 44,44 7.00

Volvox 8D . 88,88 14.85

Scenedesmus Sp. 11.11 0.20

Pediastrum sp. 11.11 0.20
Diatoms '

Melosira SDP. . 66,66 42.18

Navicula 8p. 11.12 0.60
Desmids

Closterium sp. %2433 1.04
Dincflagellate

Glenodinum sp. 1l.11 0.20
Rotifer

Keratella cochlearis 55.55 5.09

Prichocercia sp,. 11.]1 0.40
TOTAYL ALGAE & ROTIFER 90,40
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 Table 4.8 (cont'd)

INSECTA

Povilla adugta nymphs 22,22 0.36

Chironomid larvae ' 11.11 0.04

Chaoborus sp. larvae 22.22 1.64
POTAL INSECTA . 2.04
CRUSTACEA

Boamina longirostrias 55.55 4.96

Mesocyclops leuckarti 11.11 0.08

Ostracods 22,22 0.12
TOTAT, CRUSTACEA 5.16
Unidentified Eggs 22,22 0.40
Others 22,22 2.00
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Table 4. 9. Diurnagl sctivity pattern of the
Schilheids in DLake Kainjdi.
(Numbers * of schilbeid caught at 3hrs

intervals with gill nets; Mesh alzes

’ 1.30[!1 d—— 10.20“]).
Py
oY)
= -~
a » - - ‘g . [ .
- 5 & 8§ 5 A 5 2!
o £ = =] =] o w o
— [ D o [4Y} ¥y W oy
~

P, pellucida o 1 2 177 198 159 117 4

E. niloticus 2 1 iz 8 0 2 % 0
£. mystus o 0 o0 B8 0 0 2 0

+ Combhined numbers Lor Novewmber and December 1874,
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hours of the three species with the peak period of activity of

the prey organisms is an obvious advantage to the predators.
H. TROPHIC KELATIONSHIP WITH OTHER FISH.

Since it was noted that some of the Schilbeids preyed on -
other fish in the lake an attempt was made to investigate and
determine which fish preyed on the schilbeids in Lake Kainji. It
was obvious that other fish preyed on the schilbeids from the half
bodies and heads of schilbeids which were often found in the gill
nets, This observationh suggested that the remaining portione were
chopped off by the predators while the prey was being held by the
nets., |

The stomachs of the known predatory fish were opened and. the
contents were washed into 8 watch glass or white enamel basin
depending on the size of the contents. The stomach contents were
later sorted and only the fish contenis were given further gften~
tion, In most cases the fish were identified to generic level.
Pully or partially digested fish which could not be identified or
grouped into any genus or species were itreated as fish remainus
(see Table 4.)1)., About 440 stomachs were examined,

The results (Pable 4.11) revealed that only H. forskali

preyed on the schilbeids, The other common prey fish found in the
gtomachs of the predators examined were the clupeids, Alegtes sp,

Chrysichthyy sm, Bagrus sp, and Citharinus ap, Most of the pre-

dators (77.5%) had empty stomachs which may have been due to the
fact that carnivorous figh digest thelr food faster than the
herbivores.

The number of partially consumed bodies and heads in the gill
nets was analysed to see whether this sort of predation has any

seagonal pattern., Tt was found (Table 4,12) that the draw~down
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period April to August was the main season for this type of
predation, An examination of the general catch data also revea-
led that this was the period when the predators e.g. Characidae,
increased in number in the gill net catches. Thus a correlation
can be seen between the number of part-eaten bodies and heads in
the gill nets and the increase in the number of predators. In
Lake Kainji most of the predators are known to swallow their prey

whole, while a few cut off portions from their prey. Hydrocynus

brevis is among those reputed to cut off portions from its prey
(Lewis, 1974a). The bita of bodies and heads of the schilbeids
can poseibly be attributed to the feeding of Hydrocynus brevis,

though this does not mean that it was the only predator of the
schilbeids. Studies conducted by Lewis (1974a) on the food of
Hydrocynus species in Lake Kainji revealed that the schilbeids

formed an essential part of the diets of H., brevis, H, forskali

and H, vittatus. Fagade & Olaniyan (1973) in their study of the

food of the fishes in the Lagos Lagoon found that the juvenile
schilbeids formed about 16% of the food of Caranx hippos (Linne),

one of the important piscivores in the lagoon, In Lake Chad,
Torbor (1972a, b) found that Lates niloticuvs, Bagrus bayad and

Hydrocynus forskali preyed on the schilbeids,

I, Seasonal variations in feeding intensity and accumulation

of abdominal fat.

Accunulation of abdominal fat has beem shown to be related
to feeding intensity in certain species of fish e.g. the East
African Mormyrid (Okedi, 1971). The theory is that during a
period of high feeding activity, more food is consumed than
required for the usual metabolic functions of the body. The
excess food taken by the fish is converted into fat and stored

either in the body tissues or abdominal cavities.
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Table 4.12. The % composition of muitilated bodies
in the catech (Schilbeids only).

Total No of Multi- % Multi- Main Predatory
schilb- 1lated bodies lated bo- months

eids dies
examined
1974 October 198 4 2.0
- November 250 2 0.8
December 134 - -
1975 January 150 1 0.6
' February 160 ~ -
March : 113 - -
April 53 12 22.6 +
Nay 127 28 22.0 +
June | 122 25 20.5 *
July 221 5L - 23.1 +
August ' Y 4. 12.5 s
September 40 2 5.0
October 48 ] 18.8 )
November 1064 2 1.8
December 15 4 13.3 +
1976 January 40 7 17.5 +
February 55 - -
March 37 _ - ' - .
April 20 4 20.0 +
May ' 25 3 ' 12.0 +
June | 59 16 27.1 ' +
July 4 - e
August 39 6 15.4 +

September 34 3 8.8
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In B. niloticus the rise snd fall in percentage of fish with

abdominal fat body followed the rise and fall of fecding activi-
ties (Fige. 4.10). DPeak periods of high feeding intensity and fat
accumwlation were January, May, August and December., The rela-
tionship of thewe periocds with seasonal availabililty of food has
been discussed while the relationship with limnological conditions
of the lake will be discussed later under discussion (4.1.4).

In Schilhke myatus the trend was the same as seen in

E. niloticus except that the pesk perieds fell on different

monthas, January, June and November were the periods of high
feeding intensity snd fat accumulation (Fig. 4.11).

The situation in Physailia pellucida was different from the

previous species described. Feeding activities did not seem to
affect accunulation of fat, A high percentage of the fish were
found t¢ accumulate fat in their abdomens throughout the year,

Peak periods of Teeding activities were June and August whereas
Pebruary to July were the months when alwmost every (ish (100%)

examined had fat in thelr abdomen (Fig. 4.12).

Prom this study, it can be seen that feeding and abdowinal
fat accumuletion vary from one speeiés to another, In some,
there may be & correlation while in others there may be none. In
either case fai{ accumlation will depend on several factors which
are related to the amownt of food consumed, the amowmt utilized

and the general physiological condition of the fish examined.

4,1.4. DISCUSSION

Comparison of the five species of schilbeids in Lake Kainji
show that they exhibit diflferences in the dietary items selectcd
(Table 4,13). Although there is some overlap among food iteus,

there are qualitative differences in the items selected and, with
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Table 4.13. Selection of major food items by the
Schilbeid species in Lake Kain i,

Higher Crust- Bottom
Alpae Plant acea Insects Fish deposits

Siluranpodon auritus 5 ¢ 3 1 0 0

Physailia pellucida 0 0 5 3 1 1

Butropiuvs nilotlicus 0 2 2 5 4 2

Schilbe mystus 0 0 1 4 5 - 0

Sehilbe uranogscopus 0 0 0 0 5 0 -

Keys

5. Pood item common, gsvailable in all seasons, formed gver

... 60% of the total food consumed and therefore could be
described as the main diet of the fish.

4, Food item common availsable in all seasons, formed hetween
21-59% of the total food consumred, could be described as
the secondary diet of the species.

N and 2. Food items taken occasionally, formed between 1-20%

of the food consumed (3 = 11-20%; 2 = 1-10%).

1. Pood item rarely taken, formed lesg than 1% of the total
food consumed.

O, - Food item not found in {the stomachs examiried.
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the exception of the two specles of Schilbe, the main items in the
diet of individual species coincide with those foods which are of
“only secondary importance to another species, The large number of
potential dietary items available and utilized by individuals will

reduce competition.

Fish of amall size e.g. P. pellucida and Siluranodon auritus

depend on small invertebrates and phytoplankton respectively while

the bigger schilbeids like E. niloticus, Schilbe mystus and

S. urancgcopus depend on largexr invertebrates and vertebrates.

A simple food web of Lake Kainji (Fig. 4.13) is included to
illustrate the role of the schilbeids in the trophic relationship
in the Lake. It shows that the achilbelds form important links at
all the $rophlc levels in the lake.

FButropius niloticus is omnivorous but feeda on insects and

fish materials more than any other food item. DPeeding takes place
mogtly at the surface and in the midwater. | .

The feceding patterns of the fish throughout the various
seasony had a atrong correlation with various limnological factors
operating within the lake end availlability of food. The period
of high feeding intensity coincides with the black flcod regime
- when the water is relatively clear and the vieibility greatly
improved, It alego coincides with the beginning of the rains when
allochtonous materials is brought in by the rain water and strong
winds which often éccompany the rains. During this period of high
feeding intensity, a variety of food materials is available, The
low period of feeding intensity coincides with the white flood
regime when the lake water is turbid and under-water visibility
greatly impared. ’

Clupeids form over §5% of the prey fish consumeod. The sele-

ction of clupeids has many advantages. First, the size of the
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" prey falle within the range that can be managed conveniently by
the predator. Secondly, they are available in nigh anumbers in all
seasons throughout the lake (Otobo, 1974). Thirdly, they are
found in ssacciation with E, niloticus particularly in the peiagic

areas of the lake and therefore dbecome readily aveilable to the
predator. The fourth advantasge is that the clupelds are less
protected wmlike other fishes which possess protective structure.

Synodontis specles for example possess spines, and Tetradon fahaka

(BENNETT) swells consideralbly to a size beyond that which cowid

be managed by a smaller predator; Malapterurus electricus (GMELIN)

hag deterrent clectrical apparatus,

E. niloticus can consume very lavge organisms in relstion to

stomach size, The stomach walls were often greatly distended with
food and beoame very transparent to the point where injuriecs were
sometimes cauged to the stomachs by large dietary itemsg, These
seemed to hewl quickly and do not appear to affect the normal
feeding of the fish, Torbor (1972b) aleo observed thisg in Lake
Chad species,

Varioug dietary items decrease or increage in imporitance with
| age, This change could be attributed to the size of the prey
organism in relation to the size of the predator and to the case
of obtaining prey. At the early stages of life, the food items
selected were smsll bul as the predator increases in size a
gimilar increcase in the size of the selected prey organisms
pceurred, It seems that fish and grasshoppers became important
part of the diet in the third year of life because of this size
relationship., The grasshoppers encountered were of larger size
some having a volume larger than a clupeld, A large fish would
save time and energy by consuming larger food organisms rather

thean searching for smaller prey. Personal. observation shows thatl
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the Povilla nymphs which were consumed mostly in the first year
of life were digested more rapidly than any other dietary item,
which wae an acdvontage for a fast growing fish. Since fastest
growth rate for most fish cccursin the first year, a fish at this
stage of growth would need a diet which could be rapidly digested
and incorporated into its tissues.

| Chenges in the food composition and feeding habits of fisgh in
relation to the size or age of figh and segsons are biclogical
rhenomena which are common to meny species of fish in the troples
and temperate areas of the world, Hellawell (1971a, by 1972;

1974) observed these phenomena in the grayling, Thymallus thymallus

(Le}; chub, Sgqualius cephalus (L.); roach, Rutilus rutilus (L.)

and dace, Leucigcus leuciscus (L.} respectively. Meann (1976a)

also noted these relationships in the chub. Bhatt (1970, 1972)
studied the food of Indian catfish, Mystus scenghala (Sykes) and

Mystus vittatus (Bloch) respectively., He also found that the diets

changed with size of the fish and seasons. Fagade and (Olaniyan
(197%) noted similsr occurrence in the West Africa Shad, Etbmaloga
fimbriata (Bowdich) which was studied in the Lagos Lagoon,

The success of Eutropiﬁs niloticus can be attributed to its

ability to colonize the variety of habitats crealed by the forma-
tion of the lake (see Chapter Two) mnd its ability to utilize a ‘

wide range of food. Previous studies on the dGiets of E, niloticus

are surnnarised in Table 4,14. Before the cleosure of Kainji Dar,

‘the diets of E. niloticus were investigated by Imevbore end Bakare

(1970). The eight stomachs examined were found to contain epheme-
ropteran nymphs, adult Odonata, Coleoptera, fish scales end fish
remains, Althovgh few specimens were observed, the food item
consumed in the river were very similar to those found in the
 stomachs of the lake specimens reported in this chapter, DBanks

et al (196%5) in their preliminary report indicated that E. niloticus
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was an omnivore but did not give details of the contents found in
the stomachs, El-Zarka (1973) listed the fish as a zooplankton
and insect larvae feeder, It was, however, not known whether he
was reporting on the very early stages of development when zoo-
plankion could be an important compcrnent of the diets, However,
the age groups investigated here could not be described as zoo-
vlankton feeders for'zooplankton formed only & minor part of their
diets (1.1%). Lewis (1973b) remarked that the food consisted of
insects, fish and vegetable matter., OStudies on the food of

F. niloticus in other tropical waters in Africa show similar diets

to the Kainji species. Greenwood (1957) quoting Worthington
(1929) reported that the specimens observed in Ugandan freshwaters
conaumed small fishes and insect larvae, The food of the juve-
niles obzerved by Whitehead (1969) in Lake Volta, Ghana consisted
of mostly Povilla nymphs but adult insects also played some role
in their diet though fish remains were also fownd in their
stomachs., Povilla nymphs were the major food of thils age group in
Lake Kainji, therefore his results sgreed with my findings. White-
head (19643) quoting Blache (1964) reported similar diets in Lake
Chad specimens, Petr (1967) in his investigation of the food - -
preferences of the commercial fishes of Lake Volta noted that

F. niloticus fed mainly on insects and fish material, The fish

consumed hy Volta species, were mainly Clupelds just like the

Kain ji lake specimens, Reynolds (1967) working on Lake Volta also
found similar food items in the diets. ©The stomachs of the Nile
specimens studied by Sanden and El-Tayib (1953) and cited by
Imevbore and Bakare (1970) contained agquatic hemipterans, plent
fibres, fisb, erustacemns and chironomid 1érvae. Pekkola (1¢19)
glso noted that the Nile species were mainly insectivorous,

Groenewald (1964) investigated the diets of a closely related
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South African species, Futropius depressirostris Peters. He found

that it fed on detritus, fish and insects. From the verious
reports cited above it can be seen that insects and fish are the

main diets of E. niloticus in almost all the habitats cited above.

Previous studies on the diets of P, pellucida are summarized

in Table 4.15a. Reynolds (1970) found that P. pellucida fed on

small crustaceans, dipteran larvae and pupae and Povilla adusta

nymphs. Other items of lesser importance included terrestial
insects, fish and algae., His findings compare well with the
present study except that algae and fish were unimportant for the

Kainji species, P, pellucida feeds primarily at night and like

the Volta specles feeding take place in mid-water, rather than at
the surface. This was evident from the presence of Chaoborus
larvae which are predominantly benthic during the day and plank-
tonic at night. The presence of Povilla adusta nymphs and

Boamina longirostris in the same stomach suggests that the

——

chaoborid larvae were plcked up at night during their usual verti-
cal migration to the surface. The absence of Povilla eggs (except
in one stomach) showed that larger mature imagos were not usually
consuned, There was no marked change in food selection with
length; only a slight trend towards an increase in size of food
organisms consumed with increase in gize of fish. The size of the
stomach and the mouth gapes of the predator were the main factors
which seemed to delimit the size of the prey organism taken.

Reynolds (1970) examined a few specimens of Siluranodon

auritus iﬁhnbiting Lake Volta., This species has similar abundance,
food preferences and distribution in the Volta and Kain ji.

Reynolds (1970) found that this rare species feeds largely on
algae, rotifers and small crustaceans just like those of Kainji
Lake (see Table 4.15b). It is of interest to note that Siluranodon

auritus is the only phytoplankton feeder among the Schilbeids in
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Table 4.15. Comparative chart of the ﬁiets of P. pellucida
gnd Siluranodon auritus from various water

bodies,

A. Physallia pellucida

Food

¢t found in one stomach,

!
a
items L Hi Sizes of
. Sy ,
' bt oo gpecimens References
®w 0N i
Y o €xamined
o o Q¥ ot 1 [0
 Nabitat 6 & & G
Lake Kainji X X Adulte Levwis (197%b)
Lake Kainji Y X it Adults This study
Lake Volta X X X X Adults Reynolds (1870)
B, Silurancden auritus
Leke Kainji X X Adults Lewig (1973b)
Lake Kainji X X X Adults This study
Lake Volta X X X X  Adults Reynolds (1970)
+ nainly immature insects
++ included plankfonic and benthic forma
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- Lake Kain ji,
Previous studies on the diets of the Schilbe ap. are summa-

rized in Table 4.16. In the Upper Nile, Sandon snd El-Tayib

- (1953) reported that S. mystus is a bottom feeder relying on mud,

chironomid larvae, bheetles, cladoceransg and retifera, In contrast,
Verbeke (1959) recorded a mixture of vegetable matter, fish and
insect larvae as food of S, mystus in Lake Albert. DBakare and
Imevbore (1970) observed that the ten specimens collected in the
Kainji Reservoir area fed on fish. No vegetable matter, mud oxr

- rotifers were found in the stomachs of Lake KainJi aspecies. In
Ghana, the Volta Lake species were foumd to feed mainly on fish
(clupeids) and terrestial insects, (Petr, 1967), while the Ugandan
species were found to feed on fish and insect larvae {Graham, |

" 19293 Worthington, 1929). Corbet (1961) reported that the Lake
Victoria and adlacent rivers species in East Africa were primarily
piscivorous but also fed on insects. Whitehead (1963) and |
Reynolds (1967) also found the juveniles in Lake Volta to have

the same food habits as those in Lake Kainji. Mok {(1974) also

remarked that the diets of J, mystus and 8, uranoscopus were very
similar in Lake Chad, the juveniles being found to be mainly
tentomophagous' while the adults were 'ichthyophagous', His
findings coincide with the results of this work. ULike the other
schilbeid species in lake Kainji, the composition of the diets of
S, mystus has suggested primarily night feeding activity with
feeding taking place both at the surface end mid-water. In Lake
Kainji there 1ls tendency for the adults to depend mainly on fish
while the juveniles, which couwld not cope with the large size of
the prey fish, relied heavily on insect material as a supplement
to their fish diets,

Schilbe mystus and Schilbe uranescopus are both wainly pisci-

- vorous, and in view of this competition for food might be expected
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to occur. Competition for food iz not likely to occur because

8. uranoscopus does not occur in large numbers in the lake nor

are the two specles often present in the same area at the same
time (see Chapter Two). Morecover, the cluveids which formed the
main fish prey for these two species are available in very large
quantities throughout the lake and for most of the year Otobo,
1974 ). |

The comparison of the diets of the schilbeids from different
geographical areas shows that there is no wide differences in the
- diet within one species. This lack of major differences shows
that selection of food item is influenced by & similar behaviourasl

pattern irrespective of geographical location of the fish,
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4.2.1. INTR ODUCTION

The study of gastric and inteatinal digestion in fish can be
traced as far back as 1899 (Barrington, 1957)}. Since then many
investigations have been accomplished (see Ywng, 1899; Weinland,
19015 Sulliven, 1907; Bayliss, 19353 Norris and Elam, 1940;
Baldwin, 1952; Fish, 1960; McGeachin & Debnam, 1960; Cockson and
" Bourne, 1972). In spite of the large volume of information which
is available on the digeative enzymes of fish in temperate regions,
no comparahle informat;on can be obtained for the fish in troplcesal
Africa, Various studies on food snd feeding habits of the coumer~
¢ial fish in Timke Kainjl have been undertaken but none of these
relate the feeding habits to the enzymes found in the alimentary
canal, | |

In this section, the enzymes in the digestive tracts of the
three common schilhbeids in Lake Kain ji are described for the first
time and the enzymes present are linked to the fcod habits of the
ctan. ST T o _

4,2,2, MATERTIALS AND METHODS

1. Preparation of fiah.

Adult specimens of Physailia pellueida, Eutropius niloticus

and Schilbe Bystus were captured alive and kepi in aquarium tanks

un til needed, Coumercial fish feeds were given to the fish while
in the tank. The fisb were later starved for at least 48 hours
prior to gut extraction to bring all of them to similar physiolo-
gical condition. The fish were killed by a8 cut acxross the head
with & seapel passing through the brain, The entire gul (froum
ocesophagus to cloaca) was removed and freed from other tissues in

a petri dish already kept in a tray containing crushed jce,
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2. Preparation of Fnzyume Extiracts.

The gut was welghed and homogenized in all glass homogenizer
with 10 « 1521 of KOH neutralized delonized water., The homogenate
was centrifuged for 25 minutes at 25,000g in a refrigerated
Beckman J - 21 centrifuge.. The clear supernatsnts were used as
gources of the enzymes, The protein concentirationa of the extracts
were then determined as explained below using the method of
Gornall et al (1949).

About Zml of enzyme extract was pippetted into a test tube
and water was added to bring it to Zml. 2ml of biurct reagent was
added and mixed together,

A blank was prepared with 3ml of water and 2wl of bliuret
reagent, The blank and the sample were sllowed to stand for at
| least 15 minutes, The optical density (0.D) was read at 546m.

To obtain the amownt of protein in each sample the 0.D was muwlti-

plied by 11.4 (see Appendix 23).

S Preparation and incubation of the substirate enzyme

mixtures.

The preparation snd incubation of the aubstrate-enzymelmixtures
followed that of Ogunbiyi and Okon {1976). Teat tubes were pre-
pared as explained in Appendix 24. Into each test tube O.2ul of
enzyme extracts was added to 1l.08ml of buffered substratea. The
controls, 0.2ml heated enzyme extracts and 1.8ml of huffered
substrates were als¢o prepared. Botb the test samples and the
controls were incubated in a constant temperature water bath at
37°C for 24 hours. After incubation the mixtures were heated in a
boiling water bath for about 2 to % minutes in order to stop
further enzyme activity. The cooled sanples were then analysed

as follows.
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4. Deternination of Proteasas,

For the gualitative determination of the two proteases the
tests described by Balogun and Fisher (1970) and guoted by
Opgundbiyi and Ckon (1976) were performed.

About 1ml) of 10% TCA was added to each asample in test tubes |
Al ~ 4 and Bl ~ 4 and centrifuged in a Gallenkauwp Junior bench
Centrifuge for twenty minutes. The clear supernatant was used for
further analysis while the precipitate was discarded., The enzyme
aétivity was determined using the method of Lowry et al (1951)
(see Appendix 25). Ty&osine was ucsed as the standard. Absorbance

was read using a Bausch and Lomb Spectronic 20 spectropbotometer.

B Deternination of Carbohydrases,

(a) Qualitative determination,

5ml of Benedict's qualitative reagent were added to the
nixture in test tubes D3, Dgi E3 Egs H3, Hee and boiled for one
hour. Development of a brick-red coloured precipitate indicated

a positive test.
(b) Quantitative determination

The colorimetric méthods of Nelson (1944) and Somogyi {(1945)
quoted from Ogunbiyi and Okon (1976) were used. The test was
performed using the substrate -~ enzyme mixtures Dl 34, El’ E4, F&,
F3 and Gl,.G3. Glucose was used as the standard. For the proce-

dure see Appendix 26, The enzyme activity was calculated,

6. Determination of Lipase activity.

The analysis was carried out according to Ogunbiyi and Okon
(1976). About 3ml of 95% Ethanol was added to the already incu-~

bated substrate-enzyme mixture (Samples Cl’ ¢, and 03 04). Two

2
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drops of phenclphthalin indicator were used, The control and the
test samples were titrated to the same pink colour using 0.05m
NaOH. An increase in the titre of the test sample when compared
with the control was taken as an indication of the presence of
lipase activity in the extract. Appendix 27 shows the list of all

buffered substrates and reagents used in the experimente.
4.2.3. R E S U L © B

Table 4.17 shows the various enzymes detected in the digestive
tracts of the fish spetvies. Trypsin and pepsin were found to be
present in all the three species, Of all the carbohydrases tested

for only amylase was found and was present in E. niloticus and

8. mystus., There was none in P, pellucida., No lipase was detected

in any of the three species (Appendix 28).
The quantitative aspects of the results (Table 4.18) show
interesting results (see also Appendices 29 & 30). P, pellucida

and E. niloticug have high pepsin activity and low trypsin acti-

vity; while there was not much differences in those of 5. mystus.

Anylase activity in S. mystus was higher than that of E. niloticus.

In E. niloticus pepsin had the highest activity, followed by

eamylase and trypsin in that order. Amylase activity in S. mystus

was the highest followed by pepsin and trypsin in that order,
44244, P I 8 ¢ U 8 8§ I O N

The result of this study shows that E, niloticus and S. mystus

have enzymes capable of digesting protein and at least one carbo-

hydrate while P, pellucida has protein digesting enzymes., The

enzymes detected in the alimentary tract of the three schilbeid
species investigated would seem to be related to the food habits
of the fish. 1In the previous section, the food and feeding habits

of the five species have been analysed. The diets of ¥. niloticus
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Table 4.17. ¥nzymes in the alimentary tracts of the three

common Schilbeid species in Lake XKainji,

Nigeria,
Fish
species P pellueclda E. niloticus S. mystus
Inzymes
PROTELASES
Trypsin ' + | + ++
Pepsin ' ++ +4+ . e
CARBOHYDRASES
Amylase - + , ++
Invertase - - -
Lactase - | - -
Maltase ' - - ?
Cellulase - ' - -

LIPASE - - -

+ Low activity ++ High activity ~ Absent ¢ see discussion
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Table 4,13, Activities of the enzymes in the alimentary
tracts of the three common schilbeid specles

in Iake Kainji, Nigeria,

Fish . .
species P, pellucida L. niloticus 8. mystus
Enzymes
mg tyrosine equivalent formed /
PROTTEASES mg protein / 24 hr at 37°C
Prypsin 0.97 0.16 3,02
Pepsin 548 2.44 3.21
_ mg glucose eqguivalent formed /
CARBOHYDRASES - mg_protein / 24 hr at 37°C
Anylage | 0 0.77 - 5.7
Invertase 0 0 0
Lactase 0 0 0
Maltase L Q 0
Cellulage 0 0 0
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consisted of insects, fish and crustaceans. Plant materials were
also found in the stomachs, although in a small quantity. The
relatively high pepsin and low amylase activities can be correlated
with the proportion of protein and carbohydrates in the diets.

The three enzymes detected in Schilbe mystus had relatively

high activities., The high trypsin and pepsin activities were not
gurprising in view of the large amount of fish and insect material
in its diets. It will be recalled that the food of S. mystus con-
sisted mainly of fish and insects. It is, however, surprising that
a relatively high amylase activity was recorded for S, mystus
despite the fact that its diets did not include plant materials.

It was expected that amylase activity if any would be greatly
reduced in S. mystus., It is possible that the presence of high
amylase activity in the digestive tracts of S. mystus might be a
device evolved by the fish for digesting starch manufactured by the
algae consumed by its prey. The food of its main prey organisms,

Povilla adusta nymphs and clupeids was primarily phytoplankton

(Petr 1973; Reynolds 1970 respectively). Although Yonge (1637)
stated that there is definite correlation between food of any
animal and the nature and relative activity of its digestive
enzymes, sometimes the enzymes detected in the gut may not be
positively correlated with diets. Chesley (19%4) found that

Brevoortia sp., a marine teleost, congpuming much fatty food had a

concentration of lipase not higher than those of other fish which
feed on less fat. Moreover a number of factors are said to affect
enzyme production in fish, Fish (196C) points out that when fish
are kept under artificial conditions, gastric pH may alter with a
reduction in acid production., It seems likely therefore that fish
kept in the laboratory and fed on synthetic diet may differ signi-

ficantly in their digestive enzyme content than when in their
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natural habitats, ‘ _
The paper curomstographic tests (Trevelyan,'et al 1950) show
that maltose mignt be present in Schilbe mystug, This 1s expected

in view of the uhigh mmylase scbivity in this fish, According to
Barrington (1957) meltose 1e the main product of the action of
digestive amylose, and it is to be expected that maltase will
closely associate with it, It is also possible that maltase may

be present in E. niloticus but the concentration of the amount

present may not be high enough to be detected by the method used
in this work. A number of workers have found mpaltase in the dige=-
stive tracts of fish (Ishida, 1936).

The food consumed by P. pellucida were mainly insects and

crustaceans, the presence of only proteases in the gut was there-
fore expected in view of its diet. ’

Iipase activity was not detected in any of the three species
investigated, This is rather surprising in view of the fact that
the diets of L, niloticus end S, mystus include clupeid fish which

contain plenty of fats. The enzymes found in the schilbeids have
also been reported from several marine and freshwater teleosts
(see references in Barrington 1957).

Although the slimentary canal was notl sepsrated into different
regions in this work, personal cobservation of the stomach contents
shows that digestion probably bvegins in {the stomach which is usually
acidie in most vertebrates (Nikolsky, 1963)., The digestion probably
continues in the intestine with trypein and amyloase becoming active.
Exawination of the contents of the rectum shows that the fish were
gble to digest most of the organisma conswmed except the chitinous
layers of insects, shells of molluges and plant materisls. This
mnight be due 1o the absence of enzymes which can breskdown such

materials in the eliwmentary canals,
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In some teleosts, trypsin is said to originate from the
pancreas (MacKay, 1929) as {trypsinogen which may need activation
by intestinal enterokinase (Babkin & Bowie, 1928), The gall
bladder and the liver were also thought to be invélved in secra-
tion of trypsin (Babkin & Bowie, 1928; Chesley, 1954). Subsequent
experiments by MacKay (1929) have shown that the enzyme actuslly
originates from the pencreas. In pammals the sole source of |
trypsin is the pancreas (Barrington, 1957). Pepsin production is
usually associated with the stomachs where an acid condition |
necegsary for the action is found. Anmylase was reported to be
pregent in the intestine of several species of teleoast (see
Bayliss, 193%; Babkin & Bowie, 1928; MacKay, 1929; Al-Hussaini,
1949). Amylase was also reported to be present in the pancresas
by Oya et &l (1927), Vonk (1927) snd Chesley (1934). TLipase
actlvity has been detectad in the intestinal mucosa of several
teleosts by Babkin & Bowie (1928), Ishida (19%6), MacKmy (1929)
and Bayliss (1935)., Lactuse, invertase and cellulase are not

ndrmally found in teleosts.
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5.0.1. INTRODUCTION

The build-up and continuous existence of the population of
any organism depend on its ability to reproduce. During the
reproductive process the genetic make up of the population is
determined, as is also the basic pattern of its future behaviour.

In fishes as in most animals, reproduction follows a basic
pattern which is common to all members of the same species, In

some fishes e.g, Labidesthes sicculus, Oncorhynchus sp, and

Anguilla sp. reproduction occurs once in their life time (Lagler
et al, 1962). In some, reproduction follows a yearly cycle, such

a8 seen in most temperate freshwater fish e.g. Ictalurus melas

(Dennison et al, 1972), Rutilus rutilus (Mann, 197%) Esox lucius

(Mann, 1976b) Saualius cephalus (Hellawell, 197lc) and in tropical

freshwater species e.g. Ethmalosa fimbriata (Fagade and Qlaniyan,

1972), Mormyrus kennume (Scott, 1974) and Barilus niloticus

(Reynolds, 1974)., Where.seasonal climatic changes are pronownced,
breeding and spawming usually occur within a restricted period
within the annual cycle. In the tropical envircnment where more
uniform weather conditions exist throughout the year, extended

breeding periods covering at least three quarters of the year occur

in some species e.g. Pilapia sp (Lowe, 1955), Pellonula afzeliusi
and Physailia pellucida (Reynolds, 1974). No matter what type of

reproductive behaviour is exhibited, the timing of breeding and
subsequent spawning helps to ensure that the larvae are hatched
at a favourable time when (a) weather conditicns are not too severe
(b) plenty of food is available and (c) fish larvae are moderately
protected from potential predators.

Previous studies on the reproductive biology of the Family
Schilbeidae have been negligible, Apart from the work of Reynolds
(1974) on Physailiz pellucida and Siluranodon suritus in Lake Volts,




~ Ghana, no other work on schilbeids is avallable for éompariaén with
- the present study. |

Before the impoundment of the River Niger to form Lake Kainji,
Tmevbore (1970b)} made a preliminary study on the fecundity of
several specieg of fish traypped at the coffer dam and the fecunalty

of two specimens of Schilbe mystus was determined. Observations

of the reproductive cycle of S. mystus and B, niloticus during the

early period of formation of Lake Kainji were also made by Lelek
(1972)., None of the above reports however had detsiled information
on the reproductive bilology of the schilbeids.

In this work, aome aspects of the repreoductive biology of the
schilbheld species in Lake Kainji were investigated, The investi-
gation covers sex determination, sex ratio, maturity of gonads,
breeding and spawning periodicity and determination of fecundity.
The data for the two years of sampling were pooled for anslysia

in view of their similsrities.

5.042 MATERIALS AND METHODS
1. Method of obtaining fish samples,

The method of capture of fish samples and of cobteining routine
fishery dats (e.g. Total/standard lengths,weights etc.) have been
described in Chapter Two and Four respectively.

2. . ©Sex determingstion and glassification of gonad maturity.

Sex wap determined by internal exsmination of the fish : the
abdomen of the fimsh was 8lit open lengthwlse for visual examination
of the gonads., The specimens were clacsified as male or female.

In young formas, the sex was very difficult to determine and so for
these a question merk (?) was placed wmder the column for sex, In
some large individuals it is possmilble to detéxmihe sex externally.

The male possesaes a genital pepilla, which is s conelike



125

e

projection of the genital aperture. The females were found not to
possees an equivalent structure., After the sex had been determined,
the gonads were classified according to a maturity scale modified

from Nikolsky (1963) (Table 5.1).

3. Preservation of eggs and preparation of preserved eggs

for fecundity studies,

Fully matured ovaries in stage 4 were removed, weighed and |
kept in labelled bottles containing Simpson's (19%1) fluid. The
ovarisn wall was pilerced in two places to facilitate casy penetra-
tion of Simpson's fluid inteo the egg masses, Apart from being a
'preservative, Simpeon's fluld also helps to harden individual eggs
and to bresk down ovarian tissues surrounding them. After at
least three months the egpe were washed with water seversl tlmes
in order to free the ovariasn and cther wnwanted tiasues from the
egee. The freed egge were returned to Simpson's fluid and kept in
labelled bottles wtil needed for estimation of egg size and

fecundity,.
4o Eatimation of fecumdity.

The fecwmdity was estimated by subsampling using the dry
gravimetric method modified after Siwpson (1659). The eges from
both ovaries were poured from the spsclmen bottles into a flat
petri diah, The fluid was drained off as far as practicable using
a fine mouthed pipetve., The eggs were syread evenly ingide the
petri dish and left to dry at room temperature (231200) overmnight.
They were sufficiently dried at the end of 24 hours. The dried
eges were welghed on & precision balance graduated in milligrams
(mg). The eggs were wixed up thoroughly in the f£lat petri dish

and a subsample was taken., The subsample waa weighed, the eggs
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coumnted and the number of eggs In the entire sample calculated.
Five subsamples were takeﬁ. The fecundity of each specimen was
estimated by multiplying the mean of the estimates from the sub-
samples., The standard deviation of the estimates was also calcu-

lated,
Se Other studies.

The diameter of 50 - 200 eggs selected randomly from a
suspension of preserved eggs was measured for each specimen, A
binocular microscope fitted with an eyepiece micrometer was used
for the measurements, Only eggs which were distorted were used in
the measurements. The size frequency of the egg diameter was used
to determine the spawning periodicity of the fish.

The sizes at which the mature gonads were seen in each speciles
were noted. The reproductive cycle was followed throughout the
seasons by examination of the gonad maturity. Spavning seasons
were determined by noting the percentage of spent females in the
sample for each month., Fish condition was calculated as in
Chapter Three and the relationship of this with maturation of

gonad was investigated,

5.0: 3%, RESUDLTS
A. REPRODUCTION IN EUTROPIUS NILOTICUS
A.1l. S8ize and sexual dimorphism.,

Females were usually bigger than the males of the same age,
which suggests that the females have a faster growth rate than the
males (see also Chapter Three). The standard length of the big-
geat female encountered was 26.5cm while the largest male waa
19.5cm (Table 5.2). The wales posseas genital papillae which are

very conspicuous particularly in larger individuals. In the



127

e

L - - 0*z6 0°ST eNdoJEoLBAN SqLiYog
gLe . 0°89 891 0*6¢2 G*¢e BhasAW CG1iuon
SOLT 0°L8 G ET 0°gce G*ce ENOLI0(IU SUTAOaInT
092 T G°2T 621 - 09T 0°%T EDIONT164 BIITEEAUT
8t , 0°1T ¥°6 0°vT 21T SN}TIN8 UOPOUBANTLS

~joexe shewjosds () ¥WETER (w0) T°g  (8) wETeM (W) 18

Jo Jaqimu 8307 & T ¢ N 8 1 8 ¢ & g

*Ffurey oXBT Ul eBPTqITUOS JO seTceds ou) uUT $YIPUGT PJIBPUBYS WNWIXEH

¢y 81aBy



iz8

fémale the papilla is absent, The papllla is a conelike projec~
tion of the genita)l aperture and varies from 2mm to Smm in length.
Reynolds (1971b) also noticed the presence of genitsl papillae in
the males of echilheids in Lieake Volta, The function of the |
papilla is not known. It is possible that its presence may help
the females in identifying the males during their spawning asso-—
ciatione, saince the males poasess no other extermal distingui-
shing characters, The male gonads are attached to the rvef of the
ebdominal lining. The external etructure of the testis follows
the generalized form found in most catfishes, showing fingerlike
outgrowths which become more conspicuous as the fish grows,

In the females the left and right covaries are usually oblong
and transculent. In fully matured individuals the ovarian colour
changea to light yellow and fully matured eggs can be scen with
naked eye. '"The two ovaries sometimes ocoupied about 70% of the

abdowingl cavity when fully matured,
A.2. Sex ratio

.The sex of 1705 specimens was determined, 1426 were femsles
and 279 males, a ratio of 1 male to 5 females., In Table 5.3%, the
number of males and females in the samplesg and the sex ratio are
shown for each month, The table shows two distincet periocdas of
pex ratic variations; the first occcurred from March to June when
the numher of females to male was low and fairly constant and the
gacond periocd was July to February, when the number of feomales to
male was high dbut also fairly constant. The period July to
November is the breeding season (see section A4 of this Chapter).

Table 5.3 also chows the sex ratio of different age groups.

_ AJ3. Age and size at maturity.

- Table 5.4 shows the length and age groups of E, niloticusg

-
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with.maturad gonadg., In the females, the minimum.sizé at first
maturity observed was 14,7cm and in the males 13.2cm, An
analyais of the numbers of mature and immsture specimens in each
age group in monthly samples (Appendices 31 & 32) shows that

E, niloticug does not attnin maturity until the second year of

life. If maturity is attained in the second year, it is likely
that breeding will take place twice or more during the life span

of the fish.
- A.4, Reproductive cycle.

The percentage of fish in various stages of maturity in each
month ig illusirated in PMgure 5,1a & b, The numdber of mature
and immature fish in each age group in monthly samples were also
analysed (Appendices 31 & 32). Mature males and females were
first seen in samples in June. The proportion of mature fish
inereased in July up to September and fell off gradually until
the lagt set of mature fish were seen in gamples in November,
when breoding activities came to an end. Ruining femalcs (stage
V) were seen only in August. No running or spent male was cap-
tured during the course of this investigation. Breeding activity
comes to an end at the end of the rainy season in October. Fish
with matured gonads were caught in all the stations except

Station O which is on the eastern bank of the lake.
A5, Egg sizes and spawning periodicity.

Eggs from fully matured gonads in stage 1V were measured as
previously described. The size frequency of the preserved eggs
of {ive specimens are shown in Flgure 5.2, The frequency of
occurrence of gy sizes shows a vnimodal pealk for each of the
gpecimeng, This indicates that spawning occurs only once during

the breeding senson,



Sizes at maturity of Eutropius niloticus in Lake Kainji.

Table 5.4.
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AlG. Fecundit;".

The term fecundity used in this report follows that of
Bagenal (1968). The number of females with fully mature gonads
(atage 1V) were very few. However, the few exauined showed that

the fecundity of Eutropius niloticus ranges from 13,905i166 to

25,675:?99 (Teble 5.5). The number of eggs per gram of wet

weight of ovary (Table 5.5) shows that the fish is highly fecund,
The nunher of eggs was plotted against the standard length and
woight of fish (Figure 5.3). Although the result should be inter.
preted with caution 4in view of tie limited numbers of samples, it
can be observed that there is & slight increase in the nuuber of
egge with en increase in length and weight of fish (feowndity -
length relationship, r = 0,786, P = (.01; fecundity -~ welght
relatd onship, r = 0.889, P = 0.001). | ' NS

A.T. Pigh condition and maturation of gonads,

' Pish condition is known to vary with the stage of fish
maturation. The trend in some figh, is a high 'K' valua for
immature fish and 8 low one for mature fish, particularly those
which have recently spawned. Thus the fish conditiona'have been
correlated with spawning actlvities in fish (Meun, 1973). The
correlation of "K' values with spawning activities should, how-
ever, be taken with caution in view of the fact that other Ffactors
(c.g. feeding) other than spawning activities are known to affect
fish conditiong and in mogt cases it is hard to separate the
effect of one from the other (Le Cren, 1951).

| The "K' values of both malecs and females were calculated

from the conventional formula ¢~

K W x 100
LU S A

7,7

L

- where K Condition factor
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W = Weight of the fish (g).
L. = BStandard length of the fish (cm).

The weighte of the fish did not include the gonad weights.
Specimens of E., niioticus used were those captured during the
breeding season when all stages of gonad maturity were available
in samples, Table 5,6 and Appendix 35 show that there are no
differences in the mean 'K' values for the males and females at
different stages of gonad maturity. No difference was noticed
either in the mean 'K' values between sexes. This shows that the
fish remained in good condition both when in breeding and non-

breeding condition.

B. REPRODUCTION IN SCHILBE MYSTUS

B.1. Size and sexual dimorphism.

The females were larger than the males of the same age. The
largest female encountered was 23,5cm while the largest male was
16.8cm (Table 5.2). The male possesses a genital papilla which
is very conspicuous in the second year of life and also during
the breeding season, The size differences show that the females
have faster growth rates than the males - a phenomenon which is

common to all schilbeids in Lake Kainji.
B.2. Sex ratio

As in E, niloticus, fewer males were present in the popula-

tion than the females. Of about 278 specimens examined %6 were
males (ratio = 1:6.7) (Table 5.7). The sex ratio was found to
vary from season to season, The number of females to male was
high in November to January and in May. In subsequent months the
number of females to a male in any month was less than seven. HNo

males were found in August, Septewmber and October. The sex ratio
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in each age group alsc varies, The ratio of the 3+ fish ié not

reliable in view of the few specimens exawmined,
B.3. Age and size at{ maturity.

Analysis of the age and size at majurity on Taeble 5.8 shows
that the femalea attained wmaturity arowmd a standard length of
14.9cm which corresponds to the second year of life. In the |
males, maturity was attained during the first year of life with a
atandard length of 9.3em,. It is 1likely that the males and females

will breed more than once during their 1life span.
B.4, Reproductive cycle.

Very few mature malecas and females were found in the samples‘
during the‘course of this work. The maturation and depletion of
gonads were recorded monthly. Table 5.9 showa that mature females
were pregent in the months of May to August whille mature males
were found in the sample from April o July. This suggest that
the males attain maturity earlier than the femalem, but this
observation should be taken with ecaution in view of the limited
nunber of specimens. Analyeis of age and maturity (Appendices
33 & 34) confirms that the females do not mature wntil at least
their second year of 1life; whereas the males mature in their first
year, The apawming periocd when fully matured gonads (1LV) and
spent/recovered females (V1) were seen in the samples were July
and August, the end of the drawdcwn period and in the rainy
season, Although the fish attaing breeding condition in the lake,
it seemo from the available data that spawning does not actually
take place in the lske. This is evident from the fact {that no
rmning maie and females, or spent males were found in the

samples,
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B. 5. Egg sizes and spawning periodicity.

The size frequency of occurrence of eggs from gonads of two
matured fish plotted on Figure 5.4 shows two peaks for each fish.
The major peak represents fully mature eggs which were to be shed
during the spawning period that year end the minor peak represents
small, immature eggs which presumably will not be shed but will be

re-absorbed,
B,6. Fecundity,

Only two fieh with fully matured gonads (stage 1V) were found
in the samples during the study, Fecundity estimated from these
two specimens shows that for a fish with standard length 16.5cm
the fecundity is 90372483 while a fish with standard length 16,6
cm is 9088i650. Conversion of these into egg per gram of wet
weight of ovary shows the following results respectively 3366/g

of ovary and 3059/g of ovary.
B.7. Fish condition and maturaticn of gonads,

In S. mystus the weight (= weight used in calculating 'K
values) of the female fish in stages 1 & 11 and all males inclu-
ded the gonad weights. Table 5,10 and Appendiz 36 show that
there is no¢ differences in the mean values obtsined for both sexes
at different stages of gonad maturity and the fish were in good

condition during the breeding and non-breeding periods,

C. REFRODUCTION IN PHYSATILIA PELLUCIDA,

C.l. Size and sexual dimorphicsm.

The females grow to a larger size than the males. The
females grow to a standard length of about 13%.0cm while the

maximum stendard length observed in the males was 12.0cu
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(Table 5.2). The msles thus appeared to have a slower growth
rate than the females of the same age {(see also Chapter Three).
In the male a conspicuous genital papilla ia often found in
both matured and immature individusls., The papilla 1s absent in
the females. In females matured ovaries occupled about 80% of

the abdominal cavities,
Ce2e Sex ratio.

. The sex of young P. pellucida was very difficult to determine.

However in about 1260 specimens whose sexes were recognised L037
were females and 223 were males. These gave a ratio of 4.7
females to 1 male (Table 5.11l). The monthly sex ratio (Table
5.11) shows that the sex ratio ranges from 1:2.4 to 1:8.9. How-
ever, apart from the months of April, September and October when
the sex ratio was high (1:8.9, 1:6 and 1:7.2 respectively), there
sgens to be Little wvariation in the sex ratio during the other
months in the year, Table 5.12 shows changes in the sex ratio of

Physailia pellucida with sizes of the fish., Eelow 6.0cm S.L.,

there were more males than'females in the population, Above this
length and up to 8.4cm there were more females than males,

_ Between 5.L 8.5 to 9.9 the Bex ratio was even., The number of
females to males increased sgain between S.1 10.0cm up to l2.4c¢m.

No males were fowrd above 12.5cm standard length.
Ce3s Size at maturity

Table 5,17 shows the size groups of P. pellucida with natured

~gonads, From the tadble, it can be seen that the males and the
females mature within glmost the sams length group. The standérd
length of the smallest matured female was 5,3cn while that of male

was 5.2cm. Although it seems that they wature at the same length
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Size at maturity of Physailia pellucida in Lake Kain ji.

Table 5.13.
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Igroups, the majority of the méleé mature at a slighfly lower
length than the females.. Only one female reached matdrity at a
5.1 between 5,0 ~ 5.4 while more males matured around this length,
About 40% of the males obgerved reach maturity below 5.L 6.0cm
while in the females only 4.8% reach maturity at a standard
length helow 6.,0cm, The males and females probably reach maturity

during their first year of life.
o4, Reproductive cycle, - ' ‘_.

The psrcentage of fish observed with various maturity stages
of gonads are as seen in Pigure 5.5, This figure shows clearly
that there is a prolonged breeding season. Breeding condition is
attained towards the end of the rainy season in July/August but
fish with running gonads (stage V) were not found in the samples
mtil later at the beginning of the dry season in Qctober.
Spamming activities are continued throughout the dry season wmtil
the beginning of the next rainy season when it comes to an end
in February/Marchi., In the months of May and June only one imma-
ture male specimen was found in the samples., The probaltle
reasons for the low number during this periocd were discussed in

Chapter Two.
C.5, Egg sizes and spawning periodicity.

The size frequency histograms of the preserved eggs (Figure
: 5.6) show more than one peak in all the specimens examined, This
‘ialso indicates that spawning oceurs more than once during the

prolonged breeding secason.
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C.6, Fecundity.

The fecundity (Table 5.14) ranges from 1,145358 to 3,923%
439. PThe fecundity of the smaller size class is low and leas
variable while those of the larger size class is high and vexry
variable. The correlation co-efficient (r) was caleulated, For
fecundity~length relationship, r = 0.659, P = 0.01; for fecundity-
weight relationship, r = 0.700, P = 0.01 (Fig, 5.7). Usuvally, it
seems that little or no veriations occcur in fish spawning for
the first time (i.e. those in lower length groups); while in those
which have spawned more than once wide variations often occur,
Fagade & Olaniyan (1972) also noticed a slmilar relationship in
Ethmaloga fimbriata. | |

! CaTe Fish condition and maturation of gonads,

In caleculating the ‘'K’ valueé for both males and femalea, the
welghts of the fish included the weightes of the gonad. This was
done in view of the fact that the weights of the gonads were too
small to nmske any significant changes to the calewlation of the
'K' values, }

The results on Table 5.15 and Apprendix 37 show that there
were no significant diffefences in the condition of males and
females at different stages of gonad maturity, and the fish were

An good condition irrespective of thelr sex or maturation stage.

D, REPRODUCTZION IN SILUBANODON AURITUS -

The females were larger than the males. The largest feusle
~in the sample was with 2 standard length of 1ll.2cm while the
largest male was Y.4cm (Table 5.2)., The male possesses a genital

papilla,



148

Table 5,14, The fecundity of Physailis pellucida in Lake
Kainji.

S.L. of Wt. of fish Gonad wt. Total Fecundity Standard

fish (cm) (&) (&) (mean of 5 deviztion
determinations)

6.2 2.2 | 0.15 1704 - 101
6.8 3,0 0.18 1204 96
6.8 3.0 0.23 1755 37
6.9 3.6 0.24 1655 229
7.0 | 4.0 0.48 | 11245 _ 58
10,0 11.0 0.99 . 2267 230
10.2 9.0 0. 75 1689 200
10.2 1.0 1.18 3370 L. 254
10.3 10.0 0.93 3923 439
10,6 11,0 0.59 1697 198
10.7 12.0 0.82 1763 112
1.4 13.0 1.01 2847 285
11.5 . 14.0 0.93 3863 490
1.3 14.0 0.90 3619 248

11,6 ' 11.0 Q. 64 2420 : 86
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s

Of about 48 specimens observed, the sex of 41 could be
determined. Of these, 2 were males and 39 were females. Unlike
the other schilbeids which showed differences in the length at
which the males and females attain maturity, no size difference

was noticed in Silurancdén auritus. The standard length of the

smallest mature fish of each sex was 9.0cm (Table 5.16).
Reynolds (1974) noticed that males and females attained maturity
in Tieke Volta at a standard length of 1lloem.

| Irregularity of specimens in samples makeas the reproductive
cycle very difficult {o follow within a complete year, but it will

be recalled that S, auritus is restricted to a few inlets 1o the

lake (Chapter Two)., Since about 85% of the specimens canght were
mature (Table 5.17), it is likely that the fish migrate from the
river to spawn in the lake and as 91% of the mature meles and
females were caught in the months of August and September, these
months can be taken as the pesk periods of hreeding activity.

The fecundity (Table 5.18) ranges from 1249 to 1655 with a
mean of 1451i119. The coverall data did not suggest an incresase
in fecundity with an increase in length or weight of fish (Fig.
5.8). Correlation co-efficients for both fecundity-length and
fecundity-weight relationships were calewlated; r = 0,046 and

0.263 respectively.

5.0.4. b I 8 ¢ U 8§ 8 I O N

Moat tropical fish species are known to breed during the
~raing when the water level is high. Daget (1954), for example,
observed it in the Upper Niger, Blache (1964) in Lake Chad, Reed
et al (1967).in rivers of Northern Nigerias, Wellcome (1969) angd
Okedi (1969) in East African Lakes, BRefore the impowidment of
the Middle Niger in 1968, studies conducted by Banks et al (1965),
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Table 5.18. Phe fecundity of Silursnodon auritus in Lake
' Kein ji,.

8.5. of fish (em) Wt. of fish (g) Gonad wt.(g) Fecundity

9.0 10 0445 14.5

9.5 8 0.46 1455
9.5 . 11 0.57 1630
945 o1 0.46 1477
907 | 10 | 0.40 1376
9.7 o 10 - 0.38 . 1367
9.8 w0 0,52 1249
10.0 . 11 0.39 1340
10.0 | 1 0.55 . 1601
10. 4 12 0. 66 1655
10.4 1 0.46 8
10.5 . 11 0.38 1350
10,6 | 13 0451 1521

11.2 14 0.38 1398
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Imevbore (1970b) and Motwani & Kanwai (1970) revealed that

several species of fish, including the schilbeids, breed during
the rainy season. At that time breeding took place mostly between
June and September during an annual cycle and the swamps served

as spawning growmnds, The swamps were also found to offer food and
protection for the young fish (Imevbore & Bakare, 1974). After
the formation of the lake, it was found that the breeding season
for most species remained virtually the same (Imevbore & Okpo,
19753 Willoughby, 1974; Lewis, 1973a and Lelek, 1972) despite the
changes in the environment.

Previous observations on the reproductive biology of the
schilbeids in the Niger and the Lake are very few., The only
information available on the reproductive biology of the schil-
beids in the Niger is that of Imevbore (1970b)} who gave informa-

tion on sex ratio and fecundity of a very few E. niloticus and

Schilbe mystus. Lelek (1972) also published some information on

———— e e

period of the formation of the lake. Unfortunately, no information
on other species of the schilbeids is available for comparison
with this work.
In other water bodies, Creenwood (1957) observed that
$. mystus in Lake Victoria breeds during the local rains., 1In

Lake Volta, E. niloticus was foumnd to spawn in June and July

which also coincide with the rainy season (Reynolds, 1967).

Reynolds (1974) also observed that P. pellucida breeds almost

throughout the year with two peak periods of breeding activities,
the first between July and October and the second in February.
For Siluranodon suritus, Reynolds (1974) found ripe gonads from
August to February but in this study ripe gonads were found in

the months of July to December. In Lake Chad, E. niloticus breeds
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at the atart of the floods (Blache, 1964). In the Upper Niger
S. mystus spavme during the flood (Daget, 1954). Reed et al
(1967) fownd grevid femzles of E, niloticus and S, mystus in July

and August during the rains, All the studies c¢ited above show
similar breeding seasons to the Kainji species inveatigated,

In Lake Kainji, the males nature at lower lengths thmn the
femsles., Reynolds (1974} noted that the males of the pelagic
figh of Lake Valta including P. pelluelda mature at a amaller size

than the females. This was also noted in Eutroplug depressircsiris

by Groenewald (1964) and S. mystus and E, niloticus in the River

Kiger before the impowndment (Imevbore, 1970b). The same
phenomenon was noted in Barbus by Qasim & Qayyum {(1964) and
Reynolds (1973, 1974) and in many clupeids by Reynolda (1974),
 Ben-Tuvia (1960) snd Mathur (1964). The proportion of mature
fish in the samples was small when compared witihh the nuaber of
non-mature fish, It wasg also noticed that not 811 the fish which
have attained breeding age or size were actually in breeding
condition, This shows that the mininum age or size at maturlity
quoted earlier may not apply to every apscimen, The attainment
of maturity is therefore controlled by innate phyaiological con-
ditions and environmentel factors whleh seem not to be age or
8ize dependent.

The high sex ratio in I, nileoticus between August and

November (Table 5,3) is sasociated with breeding activities, |
‘DPuring the breesding season, more females are expected to associate
wlth males particularly in a situation where there are few malas
in the popuiation, A preponderance of females during the |

breeding season was also seen in Hilsa ilisha by Mathur (1964) in

Opisthopterus tardoore by Radharkrishman (1963) and in Mystus aor

by Saigal (1964). In S. mystus a high sex ratioc was found during
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the non-breeding season. The reason for this might be associated
with sampling varistions or the behaviour pattern of the fish
which might be different from that of E, niloticus. In Siluranoden

guritus only two males were captured and nearly all the females
captured were gravid., This night indlcate séxurl segregation with
females arriving at the spamiing growds before the males
(Ehrenbaum, 1909; Scheuring, 1929), although in some fish e.g.

Catostomus sp, and Semotilus sp. the males arrive first (Lagler

et al, 1962), In P, pellucida wide variations in sex ratio did

not occur throughout the year. Imevbore (1970b) noted more males

than females in §, mystus and an almost L:1l ratio in k., niloticus
collected from the Coffer dam area of River Niger, Reynolds

(1974) found more males than fewales in Siluranocdon auritus and

the opposite in P, pellucida of the Lake Volta in Ghana. The

preponderance of females in species other than ithe schilbelids has
been reported in some freshwater speciles in tropical and tempe-
rate coumntries. Willoughby (1974) noted this in sowe species of
Synodontis while Reynolds (1974) recorded the same in clupcids

. and Barbus species, In the teaperate region Pencazak (1967) and
Lelek (1959) recorded more females than males in Leuciscus

leuciscus and Squaliug cephalus respectively. Preponderance of

the females may be an adaptation for the survival of the specles
in thelr new environment; since the more the feusley, the higher
their population fecundity. This 1s however based on the assum-
ption thet one male 1ls capable of fertilizing eggs from several
femples, Sex ratio divergencles might also be explained by
partial segregation of ripe forus, elther through habitat prefer~
ences or in school formation, thus one sex might become more
vulnerable to capture than the others (Reynolds, 1974).

Analysis of egg sizes and the reproductive cycle show that
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Physailia pellucida ls wmique among the schilbeids of Lake

Kainji. Unlike the other specles which aspawn once during a short

annual breeding season, P. pellucidas was found to spawn seversl

times during the prolonged breeding aseamon, Most specles with a
prolonged spawning season- are fractional epawners. Heynolds

(1974) observed that P. pellucida in Lake Volta is a fractional

spawner. Fractional spawning and prolonged spawning seasols are
characteristics of some tropical and subtropical species of fisﬁ.
In temperate water only a srall number of fish exhibit fractional
spaming, while none exiat in the Arctic region {Nikolsky, 1963).
Fractional spawning has evolved in some species as an adaptation

to food supply. According to Nikolaky (1963) it also ensures the
preservation of the species wnder wmfavoursble spawning conditions.

Apart from Siluranodon aurituz, all the other species show an

increase in fecundity with an incresase in length and weight of the
- fish. This is a general trend in most fishes (see Bagenal, 1957,
19663 Pope et al, 1961; Pitt, 1964; Fagude & Olaniyan, 1972; Hann,

1973, 1974). In Silurancdon avritus, very narrow variations

exists among the lengihs and welghtes of specimen examined (Table
5.18) and this is thought to accownt for the narrow variations in
their fecundity. Thus no general increase in fecundity was
observed with increase in length or weight of fish., A similar

gituation was fownd in Ic¢talurus melas by Dennison & Bulkley

(1972). There are a numbexr of factors which determines the total

fecun dity of a fish but these factors are found to vary from one

fish to another. Generally, the following have been found to

have some Influences on the number of eggs to be produced by the

individugls.

(a) Egg laying habits and care of the yowng :- Viviparous
apecies and specisa exercising parental care produce less

eggs than those gpecies which broadcast their eggs and leave
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them unattended.

(v) Egg sizes/size of fiéh i~ In some Salmonidae those with
large eggs produced fewer eggs than those with smaller eggs.
The fecundity of fish is also related to the variation in
size of fish. ZEgg nunbers increase with increase in size of
fish (see also previous section).

(¢) Geographical location :-~ Variations have been found in the
same species of fish located on different latitudes e.g.
Pike (Nikolsky, 1963).

(d) Pood supply :—~ Well fed fish have larger fecundity than
starving fish (Bapgenal, 1969; Scott, 1962).

Scott (1956) studied egg size and egg nuaber in trout, Salmo

gairdnerii found that only egg sizes are genetically controlled

while the egg number varies with environmmental and physiological
conditions., A comparison of the total fecundity of the schilbelds
with some other common catfishes in the Family Mochokidae in

Lake Kain ji shows that the fecundity of the schilbeids is generally
low (Table 5,19).

Breeding grounds and actual spawning were not observed for
any of the schllbeid species because of the gill net method of
capture, Although meture fish and fish with running gonads were
found in the Lake, 1t is not known whether the fish actually
spawm in the lake or migrate to adjacent inlets to spawn. Daget
(1954) in his study of the fish species of the Upper Niger
observed migration of breeding fish from the river to the swamps

to spawn. Blache (1964) also observed that E. niloticus in Lake

Chad made seasonal migration to the river to spawa. It is not
known whether the schilbeids still undertake such migrations after
the creation of the lake. Since mature and running specimens of

E. niloticus and P, pellucida were found in samples it is likely
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that these species have adapted to breeding and spawaing in the
lake, therefore such migration is not likely to take place, In

the case of Schilbe mystus, migration from the laske to the river

to gpawn may occur, This 18 thought to be so in view of the few
numbers of mature specimene in the samples. Moreover no indivi-
duasls with rwming gonads were found in the 1ake during the breed-

ing season. In Siluranodon auritus migration from tho adjacent

inlet to epawn in the lake waa found 0 occur.



CHAPTER 5 IX

The biochemical composition, nutritional value and exploitation
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of the schilbeids in Lake Kainji.
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6.0.1. INTPTRODUCTPION

?ery little is known of the biochemical composition of fresh-
water fish from trepicsl Africa and it is onlj recently that
interest in this area has been developed (see Deelstra, et al
19743 Andrian, 1957; Baruh and Gillard, 1959; Watts, 1957),

In Lake Kainji biological studies on most of the economically
important fish families have been undertsken (references already
cited) but their biochemical composition and nutritive values have
not been determined.

The purpose of the investigation reported in this chapter is
to examine some aspects of the bicchemical composition of the three
comuon schilbeid species in Lake Kainji and to attempt to evaluate

their nutritive valueso.

6,0.2. MATERIALS AND METHOD S

1. Methods of obtaining fieh specimens

The method of obtalning fish specimens was by {the small mesh
neta which have been deascribed in Chapter Two. PFPish used for the
determination of chemical composition were removed from the gill
nets within a few minutes of being caught and were immediately
tranaferred into an ice-chest containing crushed lce in order to
prevent deterioration of the flesh. The fish were removed {rom the
ice-chest in the laboratory and kept in a desep freeze until needed.
A1l the fish used were frozen for no more than one week bhefore

analyses,

2e Determination of water content.

The frozen fish were thawed and the ruts were removed; excess

water on the exiernal surface was dried with filter papers. The

fish were smeparated into speclies. All the fish were weighed and
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each species was arranged in separate enamel trays aﬁd dried in an
oven at 80°C for 24 hours, The dried specimens were weighed in
order to determine the amount of moisture lost. The specimens
were ground into fine powder using a nmortar and pestle and the
powder for each specles was preserved in labelled hottles for sub-

sequent analyses,

% Determination of the Ash content, Total organic matter

and mineral elemehts.

Aéh cotitent was determined by incinerating about 10g of each
powdered sample in a muffle furnace set at 800°¢, The apecimens
were left In the furnace and frequently examined in order to Imow
when complete ashing had been schieved, The weight of the ash
content was recorded for each species. '

The value for total organic matter was obtained by subtractlng
the ash welght from the weight of the powder incinerated
{Tighstein & Oginsky, 1965),

Caleiuwm, Copper, Iron, Msgnesium, Potaassiuvm, Sodium and Zinc
wera determined. ©Sml of distilled water plus four dropa of conc,
HC1 were added to the ash collected, ALl were mixed wntil the ash
was dissolved into the solution. The mixture was transferred into
a 100ml volunmetric flask and made up to the known volume with
distilled water. |

The elements were determined by the use of Atomic Absorption
Spectro-photometer (Perkin~Elmer model 306) with digitsl read-out.
Before using the spectro-photometesr, the appropriate cathode lamp
corresponding to the element to be determined was fitted. Already
prepared standard solutions of each element were used to standar-

dize the spectro-photoueter before each determination.
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4, Determination of proteins,

The protein comtents of the specimens were determined from
the total nitrogen which, in turn, was determined by the Kjeldahl
method as reconmnended by the Association of Official Analyticsl
Chemiste (AOAC) (196%5), The procedure was &s follows:

0.1g of fish powder was welghed Into a digestion fiask, The
following were added; 5g of Potassium sulphate, traces of Cupric
sulphate and 25.0ml of Cone, Sulphuric Acid (H2304). The mixture
was digested for at least 8 hours at 15.6°C (60°#)., Four replica-
tes including a blank were eet up for each =sample.

After digestion, 100ml of distilled water was poured into a
volumetric fiask which already contained anti-~bumping granules.
fhe digested sample waa added to the water in the volumetric flask.
Six drops of Methyl Red indicator and 100ml of 50% Sodium Hydroxide
(NaOH) were added to the mizture. The four replicates were treated
similsarly and set up ready for distillation.

About S0Oml of 0,1V H2504 were pipetted into a conieal flask
and two drops of Methyl Red were sdded« The conical flask contain-
ing the 0,1N HESO4 was put in the position to collect the disti-
llate from the mixture in the volumetric flask and distillation
was carried out for 40 minutes.

The distillate collected into the flask already containing
0.1 H2804 waa titrated with O.1N NaOH uwntil the pink colour

changed to about light yellow,
5. Determination of Lipids.

The AOAC method of Lipid determination was used. Three replil.
cates were set up for each sample. The procedure was as follows:
10z of the fish powder weighed into the thimble. The thimble

end the contents were weighed, 500wl round bottom flask alrecady
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i
containing anti-bumping granules was weighed. About %00ml of
Petroleum ether (boiling point 60° - 80°C) were poured into the
round bottom flask. The thimble containing the powdered dry fish
sample was introduced into the Soxhlet extrazetor, and boiled for
at least six hours at 60°C, At the end of the extraction the
thimble with its contents was removed, dried at 50°G for at least
twenty~four hours and weighed. The amount of the 1lipid extracted
was calculated from the differences in the weights. The solvent
containing the extracted lipid was distilled off until only the
lipids were left and the lipid so recovered was weighed.

6. Determination of Carbohydrates,

Carbohydrates were calculated by the difference method. The
amowt of protein plus lipid subtracted from the total organic

wmatter is assumed to give value for carbohydrates.
6.,0.3. R E S UL T S

The average values of the chemical composition are as seen in
Table 6.,1. In all the species, the protein contents are the
highest followed by the lipids and carbohydrates in that order.
Table 6.2 shows the average mineral contents in each species., As
expected, Calcium formed the main bulk of the mineral pool.
Potassium, Sodium and Magnesium also made significant contributions
while the other elements contributed very little to the mineral
reserve in the fish, Calories have been calculated using conver—
sion factors, 5.5 KCal/g for protein, 4,1 KCal/g for carbobydrates
and 9,5 KCal/g for lipids (Winberg, 1971). Table 6,3 shows the

calorific values of the three species, Physailia pellucida bhad

the highest calorific value while Schilbe mystus had the lowest.
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6.0.4. DISCUBSION

The results of this work show that the schilbeids in Lake
Kainji are rich in lipid, protein and essential mineral elements;
and are of high calorific value, In view of these the schilbelds
can therefore be depended upon as rich source of food, The
Clariidae and the Schilbeidae centain more fat than any other
tropical freshwater fish (lLagler et al, 1962), Schilbeids are
know for their palatability (per. observation; Greenwood, 1957;
Reed et sl, 1967) and are of commercial importance both in Nigeris
(Reed et 21, 1967) and outside WNigeria (Latif, 1976). Therefore
the suggestion that the schilbeids should be used in the producticw
| of organic fertilizers rather than direct comsumption (Elake,
14977b) does not seem to be valld,

Market surveys around villapges adjacent to the lake show that

B, niloticus and 8, mystus were of some commercial importence.

Despite the large populetion of P, pellucida, they are not yet

exploited in commercial guantity. The local fishermen have to

change their fishery technigue to trap this species., P, pelluciis
is stronpgly attracted to light (Reynolds, 1970; Otobo, per. cdmm.);
thus the best method of capture is by the use of 1Lift nets
("atalla®")} and light (Reed et al, 1967; Hickling, 1961)}. Persconal
- observation showed that the fishermen below the dam used this

method to capture the clupeids and P. pelluclida in commercial

gquantity. A combination of light with other metheods e.g. D.C.
shockexr, dip nets and gill nets have also been used successfully
by some workers e.g. Lelek (1973) and Keynolds (1970). lid-water

trawlings are also very efficient for the capture of P. pellueida

and other schilbeids as well (Otobo, per. comu.). ALl these
methods, however, require more hands and capital. Instead of

- allowing the fish resource to waste away, the government can
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organise the fishermen into co-operatives and support them with
 funds and other infra—strﬁcturea. The long term effect of such

- support will be advaniageous :- {1) The 1iving condition of the
fishermen will improve. (2) The fish will become svailable to
more people at cheaper prices and (3) Improved storage and distri-
bution facilities will enable fish to reach the consumer in good

condition.

L]
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CONCLUSIONS

It seems that the creation of the lake hag had little or no
effect on the schilbeids., Comparison of the pre-impowndment
studies (Banks et al, 1965; Imevbore & Bakare, 1970; Motwani &
Kenwai, 1970) with this work show that the diets and the breeding
gseasons remain the same, Changes in the abundance of the species
was, however, noted, There is upward trend in the abundance of

P, pellvcida and E. niloticus while the number of 8. mystus is

declining., The reasons for the present level of abwmdance have
been fully discuased in Chapter Two, The significant contribution
of the schilbeids to the total fish population in the lake depends

on the populations of Phygailia pellucida and Eutropius niloticus,

While a major drastic change in the precgent levels of abundance
is wnlikely in the near future, with the inevitable reduction of

Poville aduata which now forms an important constituent of the

diet of E. niloticus, the numbers of E. niloticus in the lake may

fall drastically. It is hoped, therefore, that befcre such a
catastrophe occurs, the bottom of the lake will be soft enough

to habour immature stages of insects and probably oligochaetes

and molluscs which, though not important in its diet now, may
become of great value in the future. The future of the schilbeids
depends on their success in spawning in the lake and surrownding
rivers, At present there is only indirect evidence to indicate
that spawvning takes place in the lake. Until the spawning grounds
are located and fish are actually cauvght in the act of spawning
it is difficult to say emphatically that spawning actually takes
place in the lake., The ability of P, pellucida to breed almost

all round the year, the high fecundity of E. niloticus, its

ability to colonize a variety of habitats in the lake coupled with
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a rich supply of food will help them to maintein their high popu-
lation for a long time to come. The low abundance of S, mystus
was found not to be as a result of low fecwmdity or scarcity of
food, but rather a result of its adaptation to lotic environments
and its inability to breed successfully in the leke. The relati-
vely small number of mature individuals in the samples suggests
that S, mystus has not adapted to breeding in the lake and this
account for the low abundance and the present distribution which
is restricted to the riverine parts of the lake (sce also Chapter

Two). The data for Siluranodon auritus suggest that the fish

migrate from the adjacent inlets (e.g. River Shagunu) to breed in
the lske., Thig habit cen be taken as a major step towerds the
colonization of the lake i1f the breeding and subsequent spawning
are successful.,

It can be concluded that Ji. niloticus and P. pellucida have

fully adapted to the lacustrine environment by their ability to

feed, breed and spawvn in the lake while 'S. mystus and Siluranodon

auritus have adjusted but little to the lacustrine habit.
S. mystus feeds in the lake and the river but probably breeds in

the river while Siluranodon auritus feeds in the river but breeds

end spawvns in the lake,

Market surveys show that E. niloticus and S. mystus are of

some commercial importance. Although a high popvlation of

P, pellucida is found in the lake, they are not yet exploited in

commercial quantiity. Sugrestions were given as to the method of
harvesting and how the government can be of help (see Chapter
Six). If my suggestions are considered, it is hoped that the
schilbeide in conjuction with the clupeids and the Tilapia species
will form the main bulk of commercial fisheries of Lake Kain ji |

in future.




172

S U M M A R Y

The biology of the Family Schilbeidae (Osteichthyes :
Siluriformes) in Lake Kainji, Nigeria was studied. Ssmples were
obtaingd with static gill nets of various stretched mesh sizes
ranging from l.,3cm to 17.8cm. Neteg were set overnight and removed
in the mornings. Eleven stations located at the central basin of
the lake were sampled as frequently as practicable once a month
between October 1974 and September 1976.

The Family Schilbeidae is known to be present only in tropical
Africa and Asian freshwaters. In Africa eight genera with seversl

species are present. In Lake Kainji, Nigeria, there are four

genera comprising five species, The five species are :

Siluranodon auritus (GEOFFROY St. HILLAIRE), Physailis pellucida i
Schilbe mystus (LINNAEUS) and Schilbe uranoscopus ROPPELL.'
BOULENGER, Eutropius niloticus RUPPBLLR\ None of these species is

restricted to Lake KainJi or the Niger system. The external 1

characteristics of the species are described,

Eutropiuvs nilcticus and Physailie pellucida were the commonest l
and most abundant, In view of the gill net selectivity, the

nunber of Physailia pellucida was under-estimated. Schilbe mystus

was fairly common but not as abundant as the two species above.

Siluranodon auritus was rare while Schilbe uranoscopus was very

rare in the lake. The distribution pattern showed that Eutropiuvs
niloticus was commonly found in any part of the lake while

Physailia pellucida is mainly pelagic and occurs in mixed shoals

with the clupeids (Sierrathrissa leonensis and Pellonula afzeliusi).

Schilbe mystus was common in the riverine and inshore areas of the

lake, Siluranodon auritus was found in inletis adjacent to the

lake and in lake creeks. ©Schilbe vranoscopus was found in the

inshore and offshore stations. The populations of Eutropius
niloticus and Physailia pellucida were found to be incressing
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while that of Schilbe mystus was declining. The factors thought

to be responsible for the present distribution and sbundance are
discussed, | |

The pectoral spines are'satisfactory and reliable for usze as
a method for age #nd growth determinations in two of the specieas
gtudied, Overlap of asge groups was found iun the two species,
The femalee grow faester than males of the some age, Fewmales
attained higher maximum length and live longer than the males.
Lengih--weight regression coefficients for various ages were culcu-~
lated for eamch species and sex separately. The overall coeffi-
cients indicated that the welght did not incresse faster than the
cube of their length, The condition factors were calcuwlated and
these indicated that the fish were in good condition throughout
the year. @he length-frequency histograms for Physailia pellucida

indicated a poseibility of two age groups, the 0+ snd 1+, The
posaible causes of snrtlus forwmtion in the hard tissves of the
Kainji schilbeids were discussed,

Sex, reproductive cycle and variatione in the fecumdity of
the species were studied, Bexuzl dimorphism oceurs in all the
species; females were found to be larger than the males and only
the males possess genital papills., Sex ratio varied from species
to species and from seasaon to sespon and within age end size
groups. There were more females in the population than wsales,
Breeding condition wags attained and spawning occurred wainly

during the rainy aeason in Futropius niloiicus, Schilbe mystus

and Silursnodon aurltus; while Physailis pellucida was in breeding

condition almost all rovwnd the year but spawned mainly in the dry
season. Spawning occurred once during the annual breeding c¢ycle

in Futropius niloticus and Schilbe mystus and more than once in

Physailis pelluciéa. Mecundity was found to vary from species to
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specleg, Fecwndity increased with the length and weight of fish

in E. niloticus, S. mystus and P, pellucida but not in Silurangdon

auritus, The fish were in good condition during the breeding
season, o

The stomach contents were examinéd in order to study their
food and feeding habita. ZXach species was found to feed selecti-

vely on different food items. Siluranogden auritus was a phyto-

plankton feeder., ©Small crustaceans and immature insects dominated

the focd of Physailis pellucida. ZEutropius niloticus was an omni-

vore although it fed on insects more than any other food item.

Schilbe mystus and Schilbe uranescopus were malnly piscivoerous.

The differences in feoed habii were clearly advantagecus in that it
limited intra-specific competition, Dietary items varied wlih
size or age of fish, Seasonal abundance of food organisms also
Influenced the feeding habita of the fisk, Feeding intensity
varied with geasons and time of the day. TFeeding intensity was
fomd to correlate with deposition of fate in the sbdominsl cavity

of Eutropiug niloticuq'and Schilbe mystus but not in Physailia

pellucida. The schilbelds serve ss food for other fish species in
the lake,

Experiments were performed to determine the digestive ensymes
present in the alimentary canals of the three common schilbelds in
the lgke, Trypsin eand pepsin were present in all the three species.
Pepasin activity was found to be higher {than that of the trypsin.
0f all the carbohydraases tested for, only anylase was found and

was present in Eutropiuvs niloticus and Schilbe mystus, There was

none in Physeilia pellueida. Neo lipase was detected in any of the

species. The enzymes were correlated with thbe food habits of the

specles,

The biochemical compoasition and the nutriticnal value of
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Physailia pelliucida, Eutropius niloticus and Schilbe mystus were

determined, The vesults showed that the schilbeids were of high
nutritional value. BSuggestions are made for harvesting of more

gchilbeids for consumption,
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Appendix 1.
- Monthly totsl number of E. niloticusg captured in each station.

A C D G H J K L M X 0 TOTALS

1974
Oct. O 26 310 1% 47 11 10 12 9 3 b2 193
Nov. 0 26 10 16 41 29 26 30 26 8 35 247
Dec. 0 35 3 8 41 25 2 30 16 5 23 150
1975
Jan, 0 5 1 13 26 13 2 31 10 12 28 141
Feb. 0 2 12 55 18 7 4 26 17 3 8 152
Mar, O 9 19 7 19 16 9 11 5 3 1 94
Apr,. - 301 14 - 6 1 17 - - - 42
May 2 3 10 15 14 13 S 11 5 3 22 107
Jun. 2 17T - 34 -« 8 10 25 15 3 - 112
Jul. 7 1% 12 32 26 11 4 23 33 T 16 190
Aug, - - - 6 - 4 g 13 -~ - - 25 -
Sept., - 5 = 4 - 2 0 9 15 “ - 32
Cet. “- - = = « 14 10 16 - = - 40
Nov. - = = 28 - 12 10 18 17 3 14 102
Dec. - = e - - 11 g - - = - 13
1976
Jan, - 2 = o~ o~ 4 T 11 3 7 - bl
Feb, 0 ~ 24 2 - 1 b - 6 2 42
Maxr, - 5 10 - - 1 0 ) 2 - 4 217
Apr. - 2 - - - 1 1 & b 12
May 0 5 - - - 6 1 0 - - - 22
Jun ., - e = = e 12 12 34 - - - 58
Jul. - e w4 - m e e - 4
Aug. - 5 - 13 =~ « = 5 ii - = 31
Sept. 11 10 - 13 - -~ - =~ . e - 34
TOTALS 22 173 112 274 232 221 128 331 203 59 203 1958
¢ = No apecimens in the samples taken,

~ = The station was not sampled,
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Apprendix 2 Total weights (g) of E. niloticus captured in each
atation for each month,

A C D G H J K L M N 0 TOTAL

1974

Oct. 0 1374 €15 B0A 2121 371 413 582 488 475 2168  ©41i
Nov, 0 949 377 1079 1735 1437 1204 1443 1067 806 1665 11767
Dec, O 1659 211 489 2137 999 199 1569 938 529 1636 10360

1975
Jan. O 240 33 668 1267 561 77 848 469 725 1245 6153
Feb, 0 150 462 3005 779 302 192 837 874 230 361 1240
Mar. O 459 756 283 769 657 309 408 144 166 36 7192
Apr. - 30 35 1051 - 235 C 248 -~ - - 2987
May 30 86 346 801 242 289 325 230 179 270 4%8 3230
Jun. O 786 0 1628 0 307 326 352 399 245 0 4047
Jul. 429 101 796 1428 1146 167 0 181l 1395 245 309 6197
Aug., =~ - - 201 - 281 7% 4%6 - - - 1145
Sept. « 159 = 200 - 0 Q0 566 548 - - 1472
Oct. - - - - - 604 120 762 ~ - - 1480
Nov. =~ - - 1311 - 447 315 744 1054 9% G903 - 486%
Dec. - - - - - 492 3 - - ~ - h2g
1976
Jan. - 9'7 - - - 151 253 290 T8 306 - 1175
Feb. C - 940 147 -~ 3% 219 - 241 120 - 170G
Mar., - 214 407 - - 10 0 222 112 - 122 1087
Apr, - 83 - - - 0 0 193 119 -~ - 395
May 0 149 -~ - - 494 24 643 - - - 17310
Jun. - - - - - 344 361 960 - - - 16675
Jul. = - - - - 147 - - - - - 147
Auwg., =~ 305 -~ 890 - - - 78 %41 - - 1614
Sept.506 403  ~ 557 - - - - - - - 1572

TOTALS 965 7244 4978 14632 10196 8328 4449 11752 8840 4210 8883 84585

Q@ = No specimens in the samples taken.
- = Phe atation was not sampled.
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Appendix 3.
Monthly total numbers of Bchilbe mystus captured in each
atation,.

A C D G H¥4 J K L M N O TOTALS

1974
Oct. o 1 ¢ 0 0 0 2 0 0 0 0 3
Nov, 0 o0 o 0 o o © ¢ 0 2 2
Dec. 0 4 O O O 5 0 0 0 0 9
1975
Jan, i1 4 o0 O ¥ O 3 0 O 0 0 9
Feb, 4 ©0 © © o 0 1 0o 2 0 O T
Mar. % 1 0 0 5 ¢ 1 o0 0 1 1 12
Apr. - 0 4 0 ~ 0 3 2 - = = 9
May 6 0 2 0O o 0 %I 1 1 4 O 17
Jun . 4 1 - Q - 0 0 2 O 2 - 9
Jul, e 2 O 0 1 o 1 4 1 1l8 ¢ 29
Aug. - - - 0 - 1 4 2 =~ -~ = T
Sept, -~ 0 - 0 - 1 2 1 1 - - 5
Octe. T TR T N T
Nov. - = - 0O - 0 2 0 0 0 0 2
Deo., N T " A T 2
1976
Jan, -~ 0 - -~ - 0 0 4 2 0 -~ 6
Peb, 9 - 21 O - 1 1 - 0 0 - 12
Mar. - 0 0 « -~ 0 5 1 e - 1 9
Apr., - ¢ - - - 0 7 0 1 - - 8
May 0 0 - =~ « 0 2 1 « = = 3
Jun, - =~ - - = 1 0 0 - =~ =« 1
Jul, T § 0
Aug. - 0 - 0 - = = 0 2 - - 2
Sept. O 0 S ¢ - - - - - - - s}
TOTAL 29 9 11 0 7 8 46 19 12 25 4 170
0 = HNo specimens in the smamples taken.

- = The statlon was not sampled.
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Appendix 4 Monthly total weights (g) of Schilbe mystua in each

station.
A ¢ DG H J K T M N 0 TOTALS
1974
Oct. 0 21 0 0 0 0 0 0 0 4] 0 21
Nov, 0 0 0 0 0 0 0 0 0 0 118 18
Dec. 0 0 138 0 0 0 157 0 0 0 0 295
1975
Jan. 25 194 0 0 66 0 64 0 ¢ 0 0 349
Peb, 140 0 0 0 ¢ 0 %0 0 48 0 4] 218
Mar, 0 68 0 0 263 0 30 0 O 35 43 439
Apr, - 0 58 0 - 0 71 93 - - - 222
May 45 0 T1 0 0 0 118 75 329 277 0 625
Jun, 153 0 - o - 0 0 0 0 98 - 25),
Jul., 1%5 118 0 0 33 0 0 74 0 250 0 610
Aug. - - - 0 - 61 164 49 - - - 274
Sept. - 0 - 0 - 80 79 38 44 - - 241
Oct. - - - - - 166 58 55 - - - 279
Nov. - = = 0 - 0 72 0 0 0 0 72
Dec. - - - - -~ 85 0 - - - - 85
1976
Jan. - 0 - - - 0 0 2%8 196 0 - 4%4
Peb. 246 ~ 40 0 - 32 20 - 0 0 - 338
Mar. - 0 0 - - 0O 18L 69 98 - 235 533
Apr. - 0 - - - 0 186 0 32 - - 218
May 0 0 - - - 0 189 49 - - - 238
Jun. - - - - - 0 0 0 - - - 0
Jul. - - - -~ - 0 - - - - - 0
Aug. - 0 - 0 - - - 0 0 - - 0
Sept. 0 0 - 0 - - - - - - - 0
TOTALS 744 401 307 0 362 424 1419 740 45T 660 396 5910

0 = No specimens in the samples tsken.
The station was not sampled,

{
n
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Appendix 5 - ' g
Monthly total numbers of schilbeid species captured by
the small nets. ' ' '

o .
. 2 :
| 3 & 8 )
[ 1] ) o w0 ]
| o +? pt o 5
+ b o + - n
ot P — o 8 %
5 D a i H fj i
ol Y B
# . 1 3 3 < °
o al M w 7} 4 =
1974 Nov. 1 216 123 49 1 390 18
Dec. 1l 277 89 39 2 408 20
1975 Jan,. 0 . 173 40 25 1 239 18
Feb, 0 152 55 39 0 246 15
Mar. 3 101 121 20 O 245 13
Apr, 0. 101 110 -+ 18 0 229 18
Hay 0 0 42 3 0 45 9
Jun . 0 2 63 10 0 T5 10
Jul. 3 17 2% 3. ¢ 117 15
Aug. 17 30 54 6 0 110 13
Sepnt. 20 255 27 1 0 303 10
Oct. 1 625 105 2 ¢ 733 16
Nov. 0 46 39 2 0 87 - 8
Dec, 0 435 59 1 0 493 13
1976 Jan, 0 47 26 0 0 73 10
Feb., 0 359 38 2 0 399 7
Mar. 2 532 144 2 0 680 14
Apr, 0 45 26 2 0 73 5
TOTALS 48 3411 1258 224 4 4945
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Appendix 6.
Monthly tctal weights (g) of schilbeld gpeciles captured
by the small nets.

| 3 >
3 5 o T
] ol o ﬁ
= e - 0 ]
b 3 b s °
g '3 ﬂ g g g E
® £y | g 3 .
. . » . . (o] Q
U3 ¥ €3] 0] v & =
1974 Nov, i3 1158 1459 h82 27 3239 18
Deac. 9 1591 2222 H38 1B 4428 20
1975 Jan. 0 1438 762 465 12 2677 18
Peb, 0 1483 948 604 -0 3035 15
Mar, 28 836 1319 430 0 2613 13
Apr. 0 956 1354 302 ¢ 2612 18
May 0 0 539 35 0 574 g
Jun. 0 17 642 14 0 675 10
Jul, 27 T3 1070 55 O 1225 15
Aug. 125 284 866 17 0 1292 13
Sept. 172 1051 390 0 0 1613 10
Oct. 11 2106 1515 86 0 3718 16
Nov, 0 109 512 163 0 T84 8
Dec, 0 1886 TaT 25 0 2638 13
1076 dJan. 0 189 319 0 0 508 10
¥eb, 0 1592 541 62 0 219% T
Mar, 2 2217 2006 165 0 4390 14
Apr. o 192 155 185 0 532 5

TOTALS 387 17178 17346 3718 57 38746
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Appendix 10,
Preparation of spines for sectioning,

The spines were fixed in forwol-calceium for at lesst 24 hours,
then removed from the fixative, washed in distilled water and
trangferred into decalcifying fluid, The decaleification peried
varied with the length of the spine (6 - 12 hours)., The time of
fixation and decalcifleation was shoriened by mixing the fixative
end decaleifying fluid together in various proportions depending
on the length of the spine., This method reduces the time of

fixation end decalceification to between 6 and 10 hours.

Formol - calcium fixative (Hele, 1958)

Pormaldehyde, 40% | 10 ml..
Calciun chloride (anhydrous) ag. sol. 10 ml.
Dietilled water _ - : 80 wl.

03003 (powdered) | - Add excess

Decaleifying fluid (Perry, 1967}

Solution A Sodium citrate 50&.
Distilled water 250 cc.
Solution B Formic Acid 125¢ccC.

Distilled water 125cc,
Mix Solution A and B. |




215

Appendix 11.
Length frequency distribution of age groups of femsle

Eutropius niioticus. (Age was determined from spine sections)

Standard lengtih A g e grounps
(om) 0+ T+ oF 5T e
701 - 705 1
706 - 800 1
Bl - 8.5 4
8.6 - 900 2 2
901 - 9-5 6 5
9.6 - 10,0 10 10
10,1 = 10,5 ~ 2t
11.1 - 11.5 1 17
1l.6 - 12,0 2 11
12,1 - 12,5 2 10 1
12.6 ~ 13,0 1 7 2
13.1 - 1%.5 2 B A 1
14.6 - 15,0 o 22 10
15.1 - 15,5 - 11 20
15.6 ~ 16,0 - 1 12
16,1 -~ 16.5 2 17
1606 - 1?.0 : 3 ) 12
17.1 -~ 17.5 N
17:6 = 18.0 16 1
1846 -~ 19,0 10 1
13,1 - 18.5 18 1
19,6 ~ 20.0 9 - 1
20.) ~ 20.5 3 9
20.6 ~ 21.0 1 8
?101 hantd 2]15 2 2
22,1 - 22.5 1 2
220.6 — 23,0 - 3
2301 bl 2505 ?
2%.6 - 24,0 -
2‘1-«1 = 2405 1
P4.6 - 25,0
251 - 25.5 1
2!"'6 - 26.0 —
26,1 ~ 26.5 1
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Appendix 12,
Length fregueancy distribution of age groups of male

Eutropiug niloticus, (Age was determined from spine sections)

Standard length Age g roups
(em) O+ L+ 24 %4

7.6 = 8,0 1
8.1 - 8.5 1
8.6 ~ 9.0 2
9.1 = 9.5
9.6 ~ 10.0

10.1 = 10.5

10,6 - 11.0

11.1 = 11.5

11,6 ~ 12.0

R

12,1 -~ 12,5
12,6 -~ 13,0

C I CRN. Y Y. V- T B G

13,1 - 13,5
13.6 - 14.0
14.1 - 14,5
14,6 = 15,0 3
15,1 = 15.5 2
1546 = 16,0 | 1

1

& = WO W

16.1 - 16.5

16,6 - 17.0 -
1701 = 17.5 ) ' o 1
17.6 - 18,0 | -
18.1 = 18,5 1
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Appendix 13,
Length frequency distribution of age groups of female

Schilbe mystus. {(Age was determined from spine sections)

Stendard length Age groups

{cu) Q+ 14 o4 B

9.1 - 9.5 '
9.6 - 10.0
10.1 - 10.5
10.6 ~ 11,0
1.1 - 11.5
11.6 - 12,0
12,1 ~ 12.5
12,6 = 13,0
15,1 - 13.5%
13.6 - 14.0
14,1 ~ 14.5
14,6 ~ 15,0
15.1 - 15,5
15.6 - 16,0
16.1 - 16,5
16,6 « 17.0
17.1 ~ 17.5
17.6 —~ 18,0
18.1 = 18,5
18,6 ~ 19,0
19.1 = 19,5
19.6 -~ 20.0
20.1 -~ 20.5
20.6 - 21.0 1

{ n W o =3 W An
1 =

v

[
o NN A
‘._l

H H v ooy =
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Appendix 14,
Length frequency distribution of age groups of male

Schilbe mystus. (Age was determined from spine ncctions)

Standard length A ge 'g rouyyas
{cm) O+ 1+ 24

8.l — 865 1

8e6 ~ 940

9.1 - 9.5 _ 5

9.6 = 10.0 -
10.1 - 10.5 2
10.6 - 11.0
11.1 -~ 11.5
11,6 - 12.0 o 2
12.1 ~ 12.5 | ' -
12,6 - 13,0 -
13,1 - 13.5 ' 1
13,6 - 14,0 2 1
14.1 - 14.5 | - -
14.6 - 15,0 2 3
15.1 ~ 15.5 1
15.6 -~ 16,0 1
16,1 « 16,5 1
16.6 ~ 17.0 1l
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Appendix 20.
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Condition factor analysis -~ Butropius

niloticus.

Standard
Months Number examined Range Mean deviation
Jan. 50 0.89 ~ 1.47 1.15 0.11
Feh. 50 0,63 ~ 1.39 1,06 0.13
Mar. 50 0.61 - 1.%5 1.10 G.12
Apr, 50 0.70 - 1.%8 1.08 0.12
NMay 50 0.8l - .26 1.CY 0.12
Jurt, 50 0.65 - 2.33  1.13 0.25
Jul. 50. 0.86 - 1.57 1.13 0.13%
Aug. 50 0e82 -~ 1.64 1.14 0.14
Sept. 50 0.85 ~ 1.58 1.1l 0.12
Oct. 50 0.65 = 1.5  1.17 0.1%
Nov. 50 0.97 - 1.55 1.17 0. 09
Dec, 50 . 0.94 —- 1.67 1.16 0.13%
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Condition factor analysis -~ Schilbe

mystug,
Numbex -
Months examined Range YMean Standard deviation
Jan, %6 0.92 - 1,56 1.15 0.17
Feb, 42 0.93 - 2,08 1.20 0,20
Mar. 38 0.80 - 1.81L 1.22 0.15
Apr. 28 0.91 - 1.39 1.16 0.12
May. 22 0.95 - 1.43  1.317 0.12
Jun, T 1.12 - 1.46  1.24 0.11
Jul, 14 0.96 - 1.63  1.21 .16
Aug. 10 1.13 - 1.80 1.29 0.19
Sept. 7 1.04 - 1.45 1.19 0.15
Oct. 1.12 - 1.39 1.24 0.09I
Kov. 18 0.9 -~ 1,62 1.15 0.14
Dec. A6 0.86 ~ 1.59 1.13% 0.16
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Condition factor anslysis - Physailia

pellucida.
Nunber
Monttis examined Range Mean Stendard deviation
Jan , 50 0.45 - 1,09 0.88 0.13
Feb. 50 0.65 ~ 1.17 0.98 0.22
Mar. 50 0.52 - 1.26 1.0l 0.16
Apr. 50 073 -~ 1423 0.98 0.12
May - - - - -
Jun. - - - - -
Jul. g 0.84 ~ 1,53 1.04 0,22
Aug. 22 0uaTl = Lo52 1,09 0.27
Sept, 50 Cob4d ~ 1.24 0.99 0,13
Qct, 80 054 = 1,20 0,93 0.14
Nov. 50 0s64 = 1.14 0.89 0.14
Dec, 50 0,60 - Lo17 0.90 C.1%
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Appendix 23,

Protein concentration in ithe extracts

Pisgh Mg protein assayed
P, pelincida ' 0.3
E, nileticus 0,68

8. mystug . . 0.55

All were diluted to give approximately the same protedin

concentration,



Appendix 24

228

Set.up of test tubes and contente before incubation,

Test Enzyme-Substirate mixture 1.,8ml DInzyme activi-
tuhes Remarke gsubstrate 0.2ml Enzyme Extract ty on Test
Ay Control  Buffered 1% Casein (Bolled) Trypsin

A, ) " " "
A3 Test " Normal) "
R4 Test " " "
Control L (Boiled) Pepsin
B2 th " 1" n
By Teot " _ (Normal) "
B,  Test “ . “
¢y Control  Buffered 254 Olive
0il emulgion {Boiled) Lipase
Cq H i it n
03 Test L (Normal) "
Cy Test _ L " "
Dy Control  DBuffered 1% Starch (Boiled) Amylase
D n " " "
2
D3 " n f "
D4 Test " (Normal) "
D5 Test " " "
D Test " " "
By Contrel  Buffered 1% Sucrose (Boilled) Invertase
E2 it " n R
E3 n " n n
E4 Test " (Normal ) "
E5 Tegt " " "
EG Tent " " "
Py Control  Buffered 1% Lactose {(Boiled) Tactase
Fg " " " "
F3 Pest f (Normal) "
]}‘4 Test " [ "
Gy Control  Buffered 1% Maltose (Boiled) ‘Maltase
GZ " i L] ]
Gy Pest " (Wormal) "
G4 Pest " " n
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Contrcl

t

Test
Pegt
Tesgt

Buffered 1% CMC

"

(Boiled)
i
n
(Normal)
It

1t

Cellulasas
"

Z =z =
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L4

Appendix 25 Amino acid determination using the method of
Lowry et al (1.951).

The blank, stendard and Test samples were prepared as

followe 3=

l. 1 ml of standard, 1 ml¥ of tesﬁ samples Al - 4 and 0,17 m
of Test samples Bi - 4 were taken. The standerd snd test
sanples were made up to 5ml with distilled water._ A Blank
was prepared with 5ml distilled water, 4ml of Solutien C'F
were added to the Elank, the standard and test samples above.
They were allowed to stand for 10 minutes. O0.4ml of Tolins
reagent wans ndded and mixed immediately. The mix{tures were
allowed o stend for at least 30 minutes., The colour deve-

loped was read at 0.D 550,

+  Various other concentrations equivalent to (0.1 - 0.5ml)
were also tried,

++ Solution € was prepared freshly by taking 50ml of 2%
H32003 in 0.1N NaOH snd lwl of aolution B prepared by
mixing egual volumes of 1% GuSQ,. SH,0 and of 2 Kia

tartarate.
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Appendix 26 Quantitative determination of sugara using

Nelson (1944) and Somorgi (1945) methods.

The blank, standard and test ssmples were prepared as follows:-
1 ml of standard, 0.1 wl” of test samples Dl' D4 and 0.1 mit of
test samples El E4; Fi F4; Gl G4 alresady diluted 100 times were
taken. The standard and test samples were made up to 1 mi. A
blank was prepared with 1 ml of distilled water. L ml of coambined
Copper reagent++ was added to the Blenk, the standard and test
gsamples above, They were bolled for twenty minutes and cooled in
water. 1 ml of Arscenomolybdate colour reagent was added to the
Blank, Standard zsnd test samples. 15 wl of water were finally
added to {he above, The colour developed was read at 0.D 540

+ Other concentrations ranging from 0.0% ml to 0.5 wl were also
tried.
++ Prepared freshly each day by adding 1 ml of reagent B to 25

ml of reagent A.
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Appendix 27 List of buffeved substrates and reagents used in

the enszymology experiments.

A For determination of activity of Proteana,

Subatrate for Trypain activity.

1% Casein in 0.1 m Tris - HCL pd B.1

Substrate for Pepsin activity,

1% Casein in 0.1 m Glycine — HCL pHi 2.0
Reagenis _

Standard Tyrosine solution (50 Mg/ml)

10% Trichloacetie Aeid (TCA)

Folin's reagent

2% H82003 in 0.18 NaOH

4
o4 KNa tartarate

B FPor determination of actlvlity of Tipase,

Substrate = 25% 0live oil emulaion in 0.0lm PO, PH 7.0
Reagents

95% cthanol

Phenolphthalin indiecator

0.05 m NaOH

¢ For determination of activity of Carbohydrages

Substrates for Amylase activity

1% starch in 0.1 m Na Acetate pd 5.0

Subatrate for Invertsse activity

1% Sucrose in 0.1 m Na Acetate pi 5.0

Substrate for Lactase metivity

1% Lactose in 0,1 m Na Acetate pH 5.0

Subgtrate for Maltase activity

1% Maltomse in 0.1 m Na Acetate pH 5.0
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Appendix 27 cont'd.

§pbstrata for Cellulasse activity
1% Carboxy methyl cellulose (CHC) in 0.1lm
Na Acetate pH 5.0
Reagents
Copper reagent A
25g Sodium carbonate (anhydrous)
20g Sodium bicarbonate C e e
25¢ Potasgium sodium tgrtarate
Copper reagent B
15% Copper sulfate containing one to two drops of
concentrated Sulphwrice acid per 100ml.
Arsernomolybdate colour reagent
Bonedict'e qualitative reagent
200 Sodium sulphate (anhydrous)
All made to one litre.

Standard glucose asolution (50ugz/ml)

For protein deteramination

Biuret reagent.
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Appendix 28 Resultz of the Lipase activity determination

A Schilhe mystus (Pirst fish)

Sanples Volune of 0.,05M NaOH uaed

Remarks
Cl Control 0.24
CQ'Control 0.23
03 Test 0.24 No lipase activity
C4 Teat 0.25 No lipase activity
B Schilbe mystus (Second fish)
Samples Volume of 0.05M NaOH used Remarks
Cl Control .0.41
02 Control 0.40
03 Test | 0.42 No lipase activity
04 Test 0.41 No lipase activity

C Eutropivun niloticng

Samples Volune of 0,05 NaCH uged Remarksg

Cl Control 0.60

02 Control 0.60

03 Test D.62 No lipase activity
04 Teat 0.62 No lipase activity
D Physailia pellucida

Ssmples Volume of 0,058 NaOH used Remarks

Cl Control 0.5%0

02 Control 0.55

03 Teat 0.55% No lipoase activity
C, Test 0.55% Ko lipase activity

4
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A Schilbe mystus (First fish)

Reaul. t cﬁ Proteasses activities,

Samples al 550 Remarks

Blank 0.00

Standard 0.27

Al Controel 0.08 No trypsin activity.

ng Control 0.04 No ¢rypsin activity.

A3 Test 0.28 Trypsin activity present,
A4 Teat 0.26 Trypsin activity present.
Bl Control 0.01 No pepsin activity.

32 Control 0.01 No pepsin aetivity.

B3 Test 0.25 " Pepgin activity present.,

B4 Teat C.25 Pepsin activity present,

B Schilhe mystus

(Second fish)

Samples at 550 ° Renarks

Blank 0.00

Standard 0.28

Al Control 0.10 Ho trypsin activity.

AE Control 0.12 No trypsin activity.

A3 Test 0.329 Trypsin activity present,

A4 Test 0.44 Trypsin activity present,

Bl Control 0.03 No pepsin activity

32 Control 0.02 Ko pepsin activity

B3 Teat 0.34 Pepsin activity present

B4 Test 0,38 Pepsin activity present

C Eutropiuva niloticus

Samples 0.D. 8t 550 Remarks

Blank 0.00

Standard 0.28

Al Control 0.07 No trypsin activity

A2 Control 0.06 No trypslin activity

A3 Control 0.10 Low trypein activity
0.10 Low trypsin activity

A4 Control
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Appendix 29 cont'd.

B1 Test 0.06 No trypsin activity

B, Test 0.06 No trypsin activity

B3 Tost 0,41 High trypsin activity

B4 Teat .32 Hipgh trypsin ectivity

D Eutropius niloticus Samples A (repeat) using various’

concentrations of Al -~ 4 panpled.

Samples O0.D. at 550 Remarks
Blank 0.00

Standard 0.28

Ay Control 0.10 No trypsin activity
Ay Control 0.12 - No trypsin activity
A2 Control 0.10 No 4rypsin activity .
A2 Control 0.12 No trypsin activity
A3 Test 0.12 No trypein activity
AS Test - 0.16 Low trypein activity
A4 Peat 0.14 Low tyypsin activity
A4 Teat 0.17 Low trypsin activity

E Physallia pellucida

Sgmples 0.D. at 550 Remarks

Blank Q.00

Standard 0.30 :

Al 0.08 No trypsin activity

A2 0.09 No trypsin activity

A3 0,15 Low trypsin activity indicated.

A4 0.15 Low trypain activity indicated

Bl 0.05 No pepsin activity

32 0.04 No pepsin activity .

B3 0.42 High pepsin activity indicated.

B4 0.37 High pepein sctivity indicated.

» Physailis pellucida Repeat experiments using different
concentration of A, ~ 4 samples

Blank 0.00 )

Standard 0.28

Al 0.13

Ao 0.13

A3 0.32 Trypein activity indicated

A 0.32 Prypsin activity indicated
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Appendix %0 The result of Carbohydrase activity.
A Schilbe mystus (First fish)

Samples 0.D. at 540 Remarks

Bleank 0.00

Standard 0.19

Dl Control 0.04 No amylase activity
D4 Test 1.70 Strong amylase activity cbserved
E1 Control 0.28 No invertase activity
E4 Test 0.25 No invertase activity
Fl Control 0.22 No lactese activity
F.j Test 0.19 No lactacse activity
Gl Control 0.19 No maltase activity
G15 Test 0.21 No maltase activity

B Schilbe rystus (Second fish)

Sample 0. at 50 ____ Remavke
Blank 0.00

Standard 0.19

bl Control 0.00 NHo amylase activity
D4 Tent 0.60 High amylase activity observed
El Control 0.19 No invertese activity
E4 Test 0.21 No invertase activity
Fl Control 0.19 No lactase activity
F4 Test 0.19 No lectase activity
Gl Control 0.19 No maltase activity
{34 Test 0.17 No maltase activity

C Schilbe mystus Sample E (repeat)

Sample ) C.D. 550 B _Remarks
Blank 0.00

Standard 0.28

I-Il Control 0.3] Vo invertase activity
E? Control 0.28 No invertase activity
E4 Test D31 No invertese activity
E% Test 0.35 No invertase activity
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Appendix 30 conttd.

D Eutroyiua niloticua

Sample 0.D. 550 Remarks

Blank 0.CO

Stendard 0.19

Dl Control 0.00 No amylase activity
D4 Test 0.10 Low samylase activity Indicated
El Control 0.15 No Invertase asctivity
E4 Test 0.14 No invertose activity
Fl Control 0.22 No lactase metivity
F3 Test 0.21 No leactase activity
Gl Control 0.20 No maltese activity
G3 Test 0.21 No wmaltase amctivity

B Physailia pellucida

Semples C.D. 540 Remarks

Blank 0.00

Standard 0.19

Dl 0.02 No amylese activity
D4 0.05 No amylsse activity
El 0.02 No invertase activity
E4 0.02 No invertase sctivity
Fl 0.22 ) No lactase activity
F4 .18 _ No lactase activity

G C.19 No meltase activity

0.15 No msltaese sctivity

oo
Sy




239

g2%T 34 be GZ2T L €l 1392 22t 0PT ovy Bel 004 G02 GRELTIVXE

TYLIOL

A - - - - - - - - - 1 T - L0381
+¥

T - - - - - - - - - - T - asnjenmy

0c 4 b 7 T - - - - - - T L AN
+¢

06 - c ¥ ¢ ¢ g T CT o 0% FAN CT aanielin]

o¥ & < ¢T - - - - - - - < T AN vl
+d

1¢9 ¢T cT oY e¢ 49 1€ ¢g 13 e g8 FASAN 88 SINFRUIT

o 4 T T - - - - - - - - T sanien
. +T

TLY 6 CT 0¢ ¥2 e e 8¢ g GL 24 TL VG 2aniglaay

- - - - - - - - - - - - - 8INNE]

hSCT Z é G2 g ¥ 0g 02 ¢T 8 6T 6 c< SANITVITT

TYILIOL adag Iuy ™me uny X300 IGY JEH EES FER SET AD K le) UcTi™

Loy sandIn
I
[,

2&y

*sofdmes UT suswiosds sJnijemmT puw

sIniem JO Jaqumpy

BUOT30TIU snTdoainyg aTemsy

¢ =Tpueddy



240

&Le ¥ Y 0g LT 62 cé 9¢ Ge 0d 0% 92 $T CANIEVXE
TYILOL
A T - - T - - - - - - - - exn}ey
+¢
¢t - T - T e T ¢ - T - g - pINLemLT
e T T s g - - - - - - 1 < sang e
+Z
AVRY - - ¢ T 2T g 1544 o 5 ¢T L 7 SIn ey
T - - - T - - - - - - - - aangs
+T
¢4 T T 4 £ 0T L €T L L L CT 4 INGBEE]
- - - - - - - - - - - - - sanger]
+0
8% T T 8 e g L ¢t 2 9 0t G ¢ SN BUWEY
TVIDL ndog 2Ny T unp Lep Iy JE] STy uer BT AON 200 GOT3TDUCH EAN0ID
PELOD a5y

*go1dues Ut suempoaeds 2InNYBTRT PUR

SINGBR IO JI2qUNY

tOSTOTRFCTIL SnTdoIsnsy sTell

49

xtpuaddy



241

¢ve g VT T e 6T A e 124 124 e cv T TENTAVIE
TYIOL
Z - T - - T - - - - - - - aaIngEH
+¢
e T - ¢ - ¢ - ¢ T ¥ T 4 ¢ 8AN}BURT
¢ - 2 T - - - - - - - - ~ sanyel
+3
<y Z ¢ ¥ T g ¢ Y G ' G L z 3IN.430WT
14 - 4 T - - - - - - - = - sanye;
+T
Qv T - T 1 ¢ g S L € . L 21 T sIujenm]
- -~ - - - - - - - - - - - samqey
+0
AN T g T - 9 €T it 12 €T Zé iz S Sdnieniuy
TvL0 deg  @ny  Inp  wep  Asp | IGY  Z€H Qg | uep | o0eq 40N 3900  UOTATpROD | SAnoIh
EBUGH 23y
*sa1dwes ul syswiosds 2IN}EBUAT PUBR SINYEM FO IIQENK ! SUSSIE 2Q(Lyog - oTEWdS

§¢ XTpusddy



242
1
(e8]
N

i

aIn1 BT

oa |

ri

aligsel;

aanjenmwy

T
i

—

aan3 ey

51
L
(&)
=

pEUOYH

*goTdmes ul susmlosds 9IMAEWIT PUB AINIBW JO Jquuy



243

Appendix 35 Conditicn factor of Futropius niloticus.

Pemale Gonad Stage I

S.L. _ Wte 'K'  8.T. Wt. _ 'K' 8T, Wt. 'K

8.2 7 1.3 13,5 26 1.1 15.0 35 1.0
8,8 6 0.9 1%.6 25 1,0 15,0 39 1.2
10,0 11 1.1 14,0 28 1.0  15.2 34 1.0
10.5 13 1,1 14,0 3% 1.2  15.4 4l 1.1
10.5 12 1.0 14,0 27 1.0  15.4 38 1.0
11.7 14 1.0 141 30 1.2 15.4 41 1.1
11.5 17 1.1 14.1 3 1,1 15.5 36 1.0
11.6 18 1.2 14.2 28 1.0  15.5 40 1.1
11.8 20 1.2 4.4 27 0.9  15.5 40 1.1
12,0 19 1.1 l4.4 31 1.0  15.7 45 1.2
2.2 21 1.2 4.4 32 1.1 16.5 46 1.0
12,5 20 1.0 1l4.5 29 1,0  17.0 60 1.2
12.7 23 1.1 14.5 37 1.2 17.0 51 1.0
13.2 27 1.2  14.5 33 1.1 1B.5 66 1.0
13,5 17 0.7  14.8 33 1.0 20.0 54 0.7

1305 25 1.0 1409 34 1.0 20.5 93 I 1.1
155 25 1.0 14,9 34 1.0

Temale Gonad Stage II

13.4 30 1.2 15.5 24 0.6 17.5 58 1.1
13.4 56 2.3 15.5 47 1.3 17.5 58 1.1
0.7

1%.6 27 L.l 15.% 38 . 17.6 61 1.1
14.0 52 1.2 15.9 35 0.9 18.0 66 1.1
14,0 20 1.1 16.0 40 1.0 i8.]. 95 1.6
14.0 27 1.0 16.0 42 1.0 18.2 67 1.1
14.0 36 1.3 16.1 45 1.1 18.4 67 1.1
14.5 57 l.2 16.2 2% 0.6 iB.5 T2 1.1
14.5 53 l.l 16.4 43 1.0 18.6 100 1.6
1445 3 1.0 16,5 A7 1.0 18.8 76 1.1
14.5 283 1.0 16.5 46 1.0 19.5 82 1.1

14.6 54 1.1 16.5 43 1.0 19.7 10% Led
15.0 40 1.2 16.8 58 1.2 20.0 105 1.3

15,0 36 1.1 16.8 45 1.0 2.0 93 1.0
15.1 59 1.1 17.0 53 1.1 22,5 135 1.2
S.L. = Standard length (em) 1K' = Condition factor

Wt.

i

Weight of fish (g)
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Appendix 35 cont'd.

Female Gonad Stage I cont'd,

S. L. Wi, tKe S lie Wt. tK! S.li. Wt 5!
15.1 38 1.1 17.0 55 1.1 25¢5H 220 1e3
15.4 37 1.0 17.0 47 1.0
Pemale Gonad Stage IIT
14.6 36 1.2 18,0 64 1.1 19.4 96 1.%
15.4 41 1,1 18.2 64 l.1 19.5 T4 1.0
15,9 43 1.l 18,5 76 L.2 19.5 79 1.1
L7.3 57 1.2 18,5 70 1.0 19.6 89 1.2
17.4 54 1.0 18.% 75 L2 20.5 109 1.3
17.6 59 1.1 19.2 87 1.2 22.0 132 1.2
17.6 65 1.2 19.2 79 1.3 22.2 120 1.]
FPemale Gonasd Stape IV
17.5 64 1.2 19.5 73 1.0 2L.0 133 1.4
18.0 59 1.0 20,5 91 1.1 el.8 13% 1.3
19,1 65 1.0 20.6 112 1,3 22,8 165 1.4
Female Gonad Stage V
1405 35 1.1 1645 24 1.2 0.0 87 l.1
14.8 42 1.3 '

Female Gonad Stage VI
18.0 75 1.3 21.0 139 1.5
Male Gonad Stage I
10.0 11 1.0 11.3 15 1.0 14.37 34 1.2
10.3 13 1.2 12,2 22 1e2 14,06 35 1ed
Male Gonad Stapge I1
11.5 16 1.1 13.2 33 .4 14.5 58 1.2
12,5 25 1.3 13.8 29 1.1 14,7 34 1.1
13.0 25 1.1 1%.9 28 1.0 15.0 35 1.0
13.0 25 lel 14,0 30 1.1 15,1 33 1.0
13.2 24 1.0 14.4 58 1.3 15.3 40 1.1
13.2 26 1.1 14,5 52 1.0 1heh 4% Lol
Male Gonad Stage III L

' 1304 ?7 101 1307 29 101 14-5 35 lol
13.5 34 1.4 i4.0 45 1.6 14.9 30 ¢.9
13.5 33 1.3 14.0 31 1.1 150 38 1.1
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Appendix 35 cont'd.

Male Gonad Stage ITI cont'd,.

S-IJ. “’t. :K‘ SlIJO Wto

tK S.L.  Wt. ‘X!
1%3.5 24 1.0 14.0 33 1.2 15.1 38 1.1
13.6 28 1.1 14.2 30 1.0
Male Gonad Stage IV
13.5 29 1.2 14,0 30 1.1 14.5 32 1.0
13,6 32 1.3 14.4 36 1.2 15.0 35 1.0
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Condition factor of Schilbe mystus.

. Pemale Gonad Stage I

ST, Wt. 'K S.l. Wt. K Sehe _ Wt, 'K
8.6 T 1.1 10,0 10 1.0 JO.7T 13 1.1
8.2 9 1.2 10.1 9 0.9 0.8 13 1.0
9,2 9 1.1 16.2 12 1.1 10.9 17 r.%
9.3 10 1.2 10.2 12 1.1 10.9 1% 1,2
9.5 9 1.0 10.2 1l 1.0 1.0 13 1.0
9.5 10 1.2 10.3 14 1.3 11.0 14 1.1
9.5 9.5 1.1 10.3 12 1.1 1.0 17 1.3
9.5 11 1.3 10.3 13 1.0 11.0 12 1.0
9.5 10 1,2 10.3 10 1.0 1.1 15 1.1
9.5 10 1.2 10.3 12 1.1 11.4 19 1.2
9,6 10 1.1 10.5 11 1.0 ll.4 17 1.1
9.6 11 1.2 0.5 10O C.9 11.4 14 1.0
9.8 11 1.2 10.5 11 1.0 1l.6 16 1.0
9.9 15 1.5 10.5 11 1.0 13.0 24 1.1
9.9 10 1.0 10.5 11 1.0 13.0 27 1.2
9.9 11 X.1 10.6 18 1.5 13.1 25 1.3
. 4.9 11 1.1 10.6 13 1.2 13.4 32 1.3
10.0 11 1.1 10.6 13 Ll 1%.4 31 1.3
10.0 11 1.2 10.6 12 1.0 1%2.4 3 1.%
13.5 24 1.0 14.5 54 1.1 16,1 44 1.1
13.6 30 1.2 14.6 36 1.2 i7.8 72 1.3
13.6 35 1.4 14.9 31 1.1 18.0 71 1.2
14.0 42 1.5 150 41 1.2 18,1 69 1.2
14.0 29 1,1 15.4 35 1.0 18.4 76 1.2
l4.1 34 1.2 15.5 40 1.1 18.7 86 Le3
14.4 52 1. 15.5 43 1.2 19.5 8¢ 1.1
14.5 36 1.2 ‘
Pemale Gonad Stage II
10.5 i3 1.1 13.4 20 1.2 14.0 32 1.2
10.8 12 1.0 13.4 26 1.1 14.0 38 1.4
11.7 19 1.2 13.5 32 1.3 14.0 34 1.2
11.9 19 1.1 13.5 28 1.1 14.0 %7 1.3
12,2 22 1.2 13.7 27 1.1 l4.2 35 1.2
12.5 26 1.3 13.8 38 l.4 14.3 32 1.1l
12.5 25 1.3 13.9 51 1.2 14.4 33 1.1
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Female Gonad Stage II cont'd.

S.L. Wt, 'K S.L. W&, K¢ S.ni. Wt, ‘K¢
14.4 35 1.7 1545 45 1.2 17.0 66 1.3
14.4 32 1.1 15.5 46 1.2 17.2 82 1.6
14,5 30 1.0 15.5 44 l.2 17.2 B4 1.3
14.5 37 1.2 15.6 45 1.7 17.2 77 1.5
14.5 36 1.2 15.9 52 1.3 17.5 66 1,2
14.6 37 1.2 16.0 46 1.1 18.0 76 1.3
14.6 37 1.2 16,0 51 1.2 18,1 75 1.3
14.6 40 1.3 16.0 47 1.1 8.2 85 1.4
L4.7 35 1.1 16.0 49 1,2 18.2 69 1.1
14.7 36 1.1 16.0 44 1.1 18.2 98 1.6
14,8 36 1.3 16.0 55 1a% 18.5 81 1.3
14.8 36 1.1 16.2 53 1.2 18.5 76 1.2
15.0 36 1.1 16,5 49 1.1 18.5 80 1.3
15.0 38 1.1l - 16,5 55 1.2. 18,5 70 1el
15.0 36 1.1 16.6 57 1.2 - 18.5 18 1.2
15.0 - 40 1.2~ 16,6 53 1.2 18.8 88 1.3
15.0 42 1.2 16.6 95 2.1 19.0 90 1.3
15.4 43 1.2 16.9 65 1.3 19.% 87 1.2
15.5 39 1.0 17.0 58 1.2 19.5 100 1.3
20.6 125 1.4 23.5 235 1,8
Pemale Gonad Stage III1
14.9 40 1.2 18.0 82 L.4 18.5 85 1.3
15,3 48 1.3
Msle Gonad Stage I

9.0 10 1.4 10.1 11 1.1 11.5 20 1.3

9.2 11 1.4 10.2 12 1.1 13.2 29 1.3

9.2 10 1.3 10.3 172 1.1 13.6 31 1.2

9.5 10 1.2 10.5 1% 1.1 13, A2 1.6

9.5 11 1.3 10.5 11 1.0 13.9 32 1.2
10,0 11 1.1 11.0 17 1.3 14.0 35 1.3
10.0 10 1.0 11.3 a5 1.0 14.4 36 1.2
10.0 18 1.8 11,3 14 1.0 14.5 33 1
10.1 11 1.1
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Appendix 36 cont'd.

Male Gonad Stage 1L

el Wt. 'K 3.L. Wt. 'K? S.L. Wte YK

9,1 11 1.5 14,5 32 1,0 16,8 68 1.4
10.5 14 1.2 14.6 35 1,1 17.6 75 1.4
13.°7 31 1.3 15.0 40 1.2 18,0 69 1.7
13.3 27 1.1 15.5 49 1.3
14,0 3% 1,2 16,2 50 1.2

Male Gonad Stage 11T

9.3 10 1.2 15.4 41 L.l 15.8 5D 1.4
14.8 38 1.2

Male Gonad Stage'IV

15,0 42 1.2 16,6 61 1.3
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Condition factor of Physailia pellucidg.

S e Wt. 'K.! Sl W, 'K! Wi, 'K!
5.9 1.8 0.9 8.2 4.8 0.9 10 1.1
5.9 l.4 0.7 BeH 4.8 0.9 8 0.9
6.2 2 0.8 8,8 5.8 0.9 9 1.0
6.% 2 0.8 B.9 To0 1.0 9 1.0
6.4 242 0.8 8.9 5.0 0.7 9 0.9
6,6 2ol 0.8 3.1 8 1.1 11 1.1
6.7 2.4 0.8 9.2 8 1.0 9.0 0.9
6.8 2.4 0.8 9.2 6 0.8 9.2 0.9
6.5 2.4 0.8 9.3 9.5 1.2 9.8 1.0
6.8 24 0.8 3.4 8 1.0 10 1.0
7.0 2.4 0.7 9.4 9 1.1 11 1.1
Tl 3.0 0.8 9.4 9 L.l 11 1.1
Y4 2.4 0.6 9.5 6.3 0.7 11 1.1
Ta2 2.6 0.7 9.6 8 0.9 12 1.2
TeH 2.6 0.6 9 6 Bes6 1.0 11 1.1
Teb 3.0 0.7 9.6 10 1.1 11 1.1
T8 3.8 0.8 .6 11 1.2 9 0.8
7.9 4.0 0.8 9.6 8.1 0.9 20 0.9
T«9 3.6 0.7 9,7 8,8 1,0 1l 1.0
10.2 12 1.1 10.5 11 1.0 12 0.9
10.3 g 0.8 10.5 12 1.0 13 1.0
10.3 10 C.9 10.5 12 1.0 13 0.9
10.5 1l 1.0 10,5 12 L0 11 Q.7
10.3 1l 1.0 10.7 11 0.9 12 0.8
10.3 12 1.1 10,9 9.2 0.7 11 0.7
10.4 11 1.0 10.9 11 0.8 13 0.9
10. 4 12 1.1 10.9 15 1.2 10 0.6
10.5 g 0.8 10,9 19 1.5 12 0.8
10.5 10 0.9 11.0 11 0.8 10.3 0.6
10.5 11 1.0 11.0 12 0.9
Female Gonad Stage II
8.9 6 C.9 9.% 10 1.2 9.0 10 1.1
9.0 8 1.1 9.5 10 1.2 9.6 10 1.1
9.1 Te2 0.9 945 10 1.2 9.8 8 0.9.
9.3 9 1.1 9.6 7 0.8 9.8 9 1.0
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Yemale Gonad Stame II cont'd.

S L.  Wte 'K! S.L. Wt. 'K! Sulie  WE. K
9.4 7 C.8 9.6 9 1.0 S8 9 1.0
9.4 7 0.8 9.6 9 1.0 9.8 9 1.0
9.5 9 1ol 9.6 9 1.0 9.8 9,6 1.0
9.8 10 1.1 10.2 10 1.1 10,5 11 1.0
9.8 10 1.1 10,2 10 1.1 10.5 11 1.0
9.9 g 0.9 10.2 10 1.2 10.5 11 1.0
9.9 10 1.0 10.2 10 1.1 10.5 11 1.0
10.0 9 0.9 10.2 11 1.1 10.5 11 1.0
10.0 g 0.9 10.2 12 1.1 16.5 11 1,0
10.0 10 1.0 10.3 10 0.9 10.5 12 1.0
10,0 10 1.0 10.% 10 0.9 10.6 9 0.8
10.0 10 1.0 10.3 11 1.0 10,6 10 0.8
10.0 10 1.0 0.3 11 1.0 10.6 10 0.8
10.0 10 1.0 10.3 13 1.2 10.6 11 0.9
16.0 10 1.0 10.4 g 0.8 10.6 11 0.9
10.0 11 1.1 10.4 11 1,0 10.6 12 1.0
10,1 9 0.9 10.4 11 1.0 10,6 12 1.0
10.1 9 0.9 10.4 11 1.0 10.6 12 1.0
10.1 10 1.0 10.5 6 0.6 0.7 12 1,0
10,1 10 1.0 10.5 10 0.9 10.8 10 0.8
10.1 10 1.0 10.5 10 0.9 10.8 1l 0.9
10.2 9 0.8 10.5 10 0.9 10.8 11 0.9
10.2 10 1.1 10.5 11 1.0 10,8 12 1.0
10.8 12 1.0 11,2 13 1,0 11.4 11 0.7
10.9 10 0.8 11.2 8.5 0.6 11.4 12 0.9
10.9 11 0.8 11.2 11 0.8 11.6 12 0.8
10.9 13 1.0 11,2 13 0.9 11.7 12 0.7
11,0 12 0.9 11.5 12 0.8 11.8 14 0.9
11.0 12 0.9 11.3 1% 0.9 12,6 13 0.7
11,1 11 0.5
Female Gonad Stage 111
549 1.7 0.8 6.5 , 0.7 6.6 3 1.0
5.9 2,2 1.1 6.5 2.1 0.8 6.7 2.1 0.7
6,0 2 0.9 6,5 2.3 0.8 6.7 2.4 0.8
6.1 4 0.9 6.5 3 1.1 6.7 3.6 1.2
3 1.3 6.5 3 1.1 6.8 2.3 0.7

6.1
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FPemale Gonad Stage IIL cont'’d,

S.L. Wi, '¥! S.L. Wi, tK! S.L. Wi, 'K!
6.2 3.2 1.3 665 5 1.1 6.8 2.6 0.8
6.4 2 0.8 6.5 3 1.1 6.8 2.6 0.8
6.4 2.2 0.8 6.5 3 Lel 6.8 2.7 0.9
645 2 0.7 6,6 2 0.7 6.8 2.8 0.9
6,5 2 0.7 6.6 2.4 0.8 6.8 3 1.0
6.5 2 0.7 6.6 b 1.0 6.8 3 1.0
6.9 2 0.0 0.1k 1l Llel 10.6 10 0.8
6.9 2.2 0.7 10.2 10 0.9 0.6 11 1.0
6.9 2.8 (.9 10.3 8 0.7 10.6 11 1.0
6.9 2.6 0.7 10-3 9 0.8 . ,10.7 1) 0.9 .
6.9 4 1.2 10.3 9 0.8 10.7 18 1.5
7.0 P! 0.9 10.3 9 0.8 10.8 9 0.7
T0 3 0.9 10.4 9 0.8 10.8 10 0.8
7.0 3.4 1.0 10.4 10O 0.9 0.8 11 0.9
7.0 4 1.2 10.4 11 1.0 10.8 18 1e4
8.2 9 1.2 10.4 12 1.1 16,9 12 0.9
9.3 8 1.0 10.5 10 0.9 11,0 9 0.7
9.6 10 L.l 1¢.5 10 0.9 11.0 13 1.0
9.8 7 0.7 0.5 10 C.9 1.1 10 0.7
9.8 8 0.9 10.5 11 140 1.1 12 0.9
9,9 8 0.8 10.5 11 1.0 13.2 12 0.9
2.9 10 1,0 10.5 1l 1.0 11,2 12 0.9
. 9.9 10 1.0 10.5 11 10 11.2 A7 1.2
10.0 8 0.8 10.5 11 1.0 1l.4 14 0.9
1G.,0 8 0.8 0.5 12 1.0 1l.% 13 0.9
1C.1 11 l.1 10.6 10 0.8 11.5 13 0.4
1l.5 13 G.9 1.7 11 0.7 12,0 11 0.6
11.5 17 1.1 1.7 12 0.7 12.4 11 0.6
11,6 16 1.0 '
Pemale Gonad Stage IV
5.6 2 1.1 6.5 3.2 1.2 9.8 8 0.9
6.0 2 0.9 6.5 2.4 1.2 9.9 9 0.9
6,0 2 0.9 6.7 3.4 1.1 2.9 9 0.9
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Appendix 37 cont'd.
Female Gonad Stage IV cont'd,

S, L. Wt, 'K S.L. Wt. 'K S.L. Wt, K
6.2 2.2 0.9 6.8 3 1.0 9.9 10 1.0
6.2 2.6 1.1 6.9 3.0 1.1 10.0 8 0.8
6.2 2.8 1.2 6.9 3.6 1.1 10.0 8 0.8
6.3 2.2 0.9 7«0 Be 2 0.9 1.0 9 0.8
6.3 2.4 1.0 7.0 3.4 1.0 0.0 10 1.0
6.4 2.2 0.8 7.0 3.4 1.0 10.0 10 1.0
6.4 2,6 1.0  T.0 3.4 1.0 10.0 10 1.0
6.5 2.4 0.9 7.0 3.8 1.0 10.0 10 1.0
6.5 2,8 1.0 7.0 4 1.2 10.0 11 1.1
6.5 3.0 1.1 9.4 8 1.0 10.1 11 1.1
6,5 3.2 1.2 9.5 6 0.7 10.2 9 0.8
6.5 3.2 1.2 9.7 8 0.9 10.2 10 0.9
10.2 10 0.9 10.5 11 1.0 1L.0 12 0.9
10.2 11 1.0 10.5 12 1.0 11.0 12 0.9
10.% 1C 0.9 10.5 12 1.0 ‘11.0 12 0.9

10.3 10 0.9 10.5 12 1.0 11.0 12 0.9

10.3 10 0.9 10,6 310 0.8 11,0 13 1.0
10,3 10 0.9 10,6 11 .0.9  11..2 13 1.0
10.4 g 0.8 10.6 11 0.9  1l.2 12 0.9
10.4 10 0.9  10.6 11 0.9  11.3 13 0.9
10.4 10 0.9  10.7 11 0.9  11.3 14 1.0
10.4 10 0.9 10,7 12 1.0  11.4 13 0.9
10,4 11 1.0 10,8 11 0.9  1l.4 13 0.9
0.4 12 1.1 10.8 11 0.9  1l.4 14 0.9
10,5 10 0.9  10.8 12 1.0  11.5 13 0.9
10.5 10 0.9  10.8 12 1,0  11.5 1% 0.9
10.5 11 1.0 10.9 12 0.9  11.5 13 0.9
10.5 11 1.0  10.9 12 0.9 11,5 14 0.9
10.5 11 1.0 10.9 12 0.9  11.5 14 0.9
10.5 11 1.0 11,0 9 0.7 11.6 11 0.7

10.5 11 1,0

Femnle Gonad Stage V

6.0 2e2 1,0 6o 5 3 1,1 7.2 2.2 0.6
6.1 1.8 0.8 6.6 2.0 0.7 7.2 3.0 0.8
6.1 2.0 0.9 6.6 2,4 0.8 T4 3.0 0.7
6.1 2.4 1.1 6.6 2.8 1.0 10.0 8 0.8
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Pemale Gonad Stage V cont'd.

S.L., Wt, LYY S. . Wi, TR 3.L. Wi, 'K
6.2 1.8 0.8 6.6 2,8 1,0 1C.1 8 0.8
6.2 2.6 1.1 6.6 3.0 1.0 10.2 10.5 1.0
6,2 2,4 1.0 6.7 2.2 0.7 10.2 10,5 1.0
6,5 2.0 0.8 6,7 3.4 1.1 10.% 11 1.0
6.3 2+3 0.9 6.8 3.1 1.0 10.4 10 0.9
6.4 2.2 0.8 6.3 2.8 0.9 11..0 11 0.8
6.4 2.2 0.8 6.9 B.4 1.0 11.0 13 1.0
6.5 2.2 0.8 740 3.0 0.9 11.L. 12 0.9
6.5 2.2 0.8 7.0 3.6 1.0 11.4 12 0.8
6.5 2.4 0.9 Tel 2.8 0.8 11.5 14 0.9
6.5 2.6 0.9 7.1 4.0 1.1

Female Gonad Stege VI
57 2.0 1.1 6.2 1.8 0.8 Tel 2.6 1.0
5.9 L.6 0.8 6,2 2.4 1.0 10.1 3,6 0.4
549 2.2 1.1 6.5 2.0 1.1 12,0 14 0.8
6.0 1.9 0.¢

Male Gonad Stage T
6.0 2 0.9 9.4 10 1.2 9.8 7.8 0.8
8.5 6 1.0 9.4 10.% 1.3 9.9 10 1.0
8.6 8 1.3 9.5 6 0.7 10.0 Te2 Cu7
BT 8 1.2 9.5 T 0.8 10.1 8 0.8
8.8 f 1.0 9.5 8 1.0 10.2 10 0.9
9.0 6 0.8 9.5 B.2 1.0 0.2 1l 1.0
9.0 8 1.1 9.5 9 1.1 10.% 10 0.9
9,2 7 0.9 9.5 9 1.1 0.5 10 0.9
9.2 Ei 1.2 9,5 9 1.1 i¢.8 11 0.4
8,3 Q 1.1 9.5 10 1.2 11.0 6 G.5
S.4 8 1.0 9.6 g 0.9 11.72 12 0.9
9.4 9 1.} 9.6 10 1.1

Male Gonad Stage I1
be5 1.2 0.7 9,5 7.5 0.9 10,0 9 0.9
5.5 1.4 0.8 9.5 8.4 1.0 10.0 10 1.0
5.6 l.4 0.8 9.5 9 1.1 10.0 10 1.0
5.8 2 1.0 9.5 9 1.1 10.1 9 0.9
6.0 1.2 0.6 9.5 9.2 1.1 10.2 11 1.0
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Male Gonad Stage IT cont'd.

Selis W, 'K 3.1, Vt, 'K Selss W, 'K!
6.3 1.8 0.7 8.5 10 1.2 0.3 10 0.9
6.3 2.8 l.l 2.5 10 1.2 10.3 10 C.9
6.H 2.4 0.8 9.6 8.6 1.0 10.5 B.4 0.7
8.7 7 lel g.6 10 1.1 11.0 13 1.0
9.2 8.1 1.0 9.8 7 C.7 11.0 17 1.3
9.5 i .8 5.8 10 1.1 3.2.0 12 0.7
9.5 7 0.8 9.9 9 0.9

Male Gonad Stage III
5e5 1.5 L.l 6.1 2 0.9 9.0 7 1.0
5.6 1.6 0,9 6.1 2.1 .9 9,0 7 1.0
5.7 1.8 1.0 6,1 2.2 1.0 9.1 7 0. 9
5.7 2 1.1 6.73 2 0.8 9.4 3.2 0.4
6.0 2 0.9 6.4 2.4 0.9 9.5 10 1.2
6.0 2 0.9 Tal 2.2 0.6 9.5 10 1.2
9.6 T.6 0.9 9.8 9 1.0 10.5 9 1.2
9.6 10 1.1 10,0 9 0.9 10.% 15 1.7
9.8 8 0.9 10.0 10 1.0 10.6 10 0.8
- 9.8 g 3.0 10.2 8 0.8 11.6 12 0.8

- 9.8 g 1.0 10.3 7 0.6

Male Gonad Stage IV
5¢5 2 1.2 T+0 3.4 1.0 9.5 13 1.5
5.7 1.4 0.8 9.0 7 1.0 9.5 13 1.5
6.0 2 0.9 0.2 T 0.9 9.6 8 0.9
6.1 1.2 0.8 3.3 Te8 1,0 10.0 8 0.8
6.1 2 0.9 9.4 8.0 1.0 10.0 9 0.9
6.2 260 0.8 9.5 6 0.7 16.0 10 1.0
6.2 2.2 0.9~ G5 6.4 0.7 10.0 10 1,0
6.3 2.0 0.8 9.5 8.2 1.0
6.7 2.4 0.8 9.5 .0 1.0

Hale Gonad Stage V
6.3 2 0.8 9.8 8 0.8 11,17 11 0.8




