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ABSTRACT

(1) Length - weight neasurenments were nade
on the fish species examned and statistical analy-

sis carried out on the data.

(2) Eye lens nuclear proteins were exam ned

el ectrophoretically.

(3) D fferences were found between all the
species studied and the results obtained indicated

significant inter-specific variation.

(4) In the electrophoretic study, correlation
between the simlarity of the electrophoretic pat-
terns and the closeness of the relationship between

speci es was observed.

(5) The results indicate that physical parame-
ters and eye | ens proteins have consi derabl e poten-

tial as sources of taxonomc information.
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CHAPTER CNE
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INTRCDUCTION

The eye lens is & unique biological entity, It has
.pfoven to be a valuable source of polymorphic proteins,
These preteins have found special application where biﬁ-
chemical geneiic information is desired, for example, in |
population and taxonomic studies (Smith and Goldstein,_1967;
Smith, 1971; Eckroat, 1974; C'Kourke, 1974; McDvitt and
Collier, 1975; Blake, 1976; Weinstein and Yerger, 1976 a, b;
Gruber and Cohen, 1978; Smith, 19783 Benz, 1980; Love, 1980:
de-Jong, 1981)4 Smith (1982) demonstrated that proteins
extracted from sequential layers of the lens core (nucleus)
may provide a picture of phylogenetic developments He
hypothesized and proved that (a) with increasing depth
(i.e. increasing earliness of ontogeny) of nuclear lens lay:r,
the proteins are more primitive (analogous to the gresater
antiquity of fe:rils with depth of earth stratum); (b) in
an advanced ~ninal. the proteins from the deepest nuclear
" lens layer resemhle the proteins irn a more superficial nue
clear lens layer from a primitive animal; and so (¢} it
should be pessihle to use proteins from the nuclear lens
layer to establish phylogenetic relationships.

Proteins of the eve lens in addition to the above uses
- are empley. ! ns rarkers of (1) heﬁaviqr, such as swimming
ability (Smith and Clezens, 1973), as well as dominance and
perceptual acuity (am~s and Smith, 1975); and (2) the

environment {(3on et al, 1967), such as water layer (bottom

'../2.'-'0
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or surface) (Gruber and Cohen, 1978), high water turbidity
and low light intensities (Weinstein and Yerger, 1976b), and
a nocturnal setting. Zigler and Sidbury (1974) observed
that rat and rabbit arc similar in fheir pPeEreentage compo-
gition of the soluble lens proteins and the electrophoretic
patterns obtained by using these proteins; but they differ
considerably from calf and sheep although the two groups
belong to the same fomily - the arteriodactylan family
{Komer, 1966), The fact that the rat and rabbit are animals
of similar life style, both being nocturnal, may well be |
related to these findings. In some cases, environmental -
influence on lens proteins do not appear (Lowenstein_and
Bettelheim, 1979), and the relationship involved seems to
be phylogenetic., Calhoun and Kocening {1970) pointed out
that the electrophoretic distribution of the soluble proteina'
of the lenses are determined by phylogenetic relationships
and not environmental ones, They concluded that the distri-
butions of scluhle proteins in the lenses are therefore |
valuable in taxonomie studies. Smith (1983) pointed out
that prchably there is a variety of influences on the lens
preoteins, in addition to the basic onc of providing.a matrix
for transparency and elasticity.

The nuclear lens proteins have special features which
make them desirable in studies such as this, Smith and
Gilamn (19€2) heve reviewed the features and briefly these
features of nuclear lens proteins include (1) resistance
to densturation, which cenables lens samples tc be taken under

environmental conditions {suech as at docks and markets)

.II,S_.I.



that would demature many other proteins; (2) high concen-
tration, the highest in any tissue in the vertibrate body;
(3} purity, as they are not contaminated by other tissue
proteins, and (4) little or no turnover, as the lens nucleus
is an inert nonmetabolizing structure, fdowever, there is
evidence that in some fish species certain proteins undergo
age-related post-translational changes (Smith, 1983).
Electrophoretic procedures have most often been used
in the study of nuclcar lens proteins., These proteins are
ideal for population and taxonomic studies of fishes. The
electrophoretic methed of choice is cellulose acetate elec-
trophoresis. Mackie (1980) pointed out that the various
electrophoretic techniques ngw available are the most
relieble methods for identifying the species of fishes when
the ususl differences hased on morpheology are uncertain,
Because hloud proteins and enzymes are such a sensitive
system for studying genetic variation, proteins ofthe eye
lens nucleus, an inert structure (eeder and Bell, 1965),
were investigated in fresh water fishes and found to be
more suitable fer this purpose, These nuclear lens proteins
are very stable, tolerating temperatures as high as 79°C
before precipitating (Smith, 1965) and withstanding rela-
tively harsh procedures, for example, lack of refrigeration
for 5 days without denaturing (Smith, 1969c). Furthermore,
nuclear lens proteins do not fluctuate physiologically (that
is with substrate availability or diet), rhythmically or
seascnally threoughout the post-embryonic life of the animal.

This is because the adult lens proteins laid down very carly
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in development are fully present shortly hefore or after
the time of hirth and are net turned over (Recder end Bell,
19635).

Numericnl snelyses have Deen corried out to throw
more light on speecies differences. Oni et al (1983) pointed
out that there is srecies difference in the condition fac-
tor of fisheos, The coefficient of condition or condition
foctor, has heen determined for finfish (Legler, 1972) and
shellfish (Lderhoya, 19613 Lahti and Lindgquist, 1981).
Heports on length-weipght relationships in freshwater fishes
in this region arc few and they imnclude these of Clatunde
1977) an! Lderbeye (in press).

Condition foctors, lenpth-weicht relationships and
meens cf fresh weipht, total length, standard length body
depth and body width were calculatced and the results ohtained
used to throw more light on the texonomic information heing
sourht by #lectrophoretic metheds in this study.

The objactives of this study are; -

(1) to identify by cellulose acetnte electrophoretic

technique the aveilobhle specices in the families Characidae,

Mochockidane and Cichlidae;

(2) te find cut if electrophoretic pattern Qifferences
exist tetween male and femole fish of the same species;
(3) to find cut if size Aifferences in the samc
species have effect on the band patterns;
. (4) to establisﬁ differences at family level by
eleétropheresis and

(5) tc establish specios differences by numerical
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methods,
930 fishies were used in this study ~nd they represent

¢ species in the fomily Cherrcidre, 5 species each in the

femilics Mochekidse pnd Cichlidoe,
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2.1, UTILIZATILN AND SCCHCILC TMPCLTANCE CF FPLSHCIS.

Taxonomic stutics of various groups of fishes are
pursucd because of the various relationships that exist
Yetween man and the fishes and among the fishes themselves,
Fishes are utilized hy man as food, fish meals and fish
fertilizers, fish oils,.and in the manufacture of glue.
Interaction between fish and men include the use of fish in
scientific studies, recreational fisheries and use of fish
for aguerium display. USome negative or unpleasant relation-

ships exist betveen man and the fishes (Bond, 187%).

2.1.1. FIBH L3 FOOD

LB a staple article of food, fish wmust have found
favour with man at a very carly stage of his history.
"hether cooked, salted, smoked, preserved in one way or
another, or eaten raw, as in Japan and the Haweiien Islands,
the populerity of fish~flesh is world-wide. Fish-flesh
comrares favourably with beef or other meats in the ease
with which it contained proteins and fats are digested hy
humen body., It hes heen shown that man is able to digest
completely s much as 93.2 pér cent of the protein content
of tinned Galmen, -and 53,1 per cent of that of fresh Mac-
kerel, and can make use of 93.2 per cent and 95.2 per cent
respectively of the fatty content of the same fishes (Norw

man, 1975),

The muscular tissve or flesh of a fish is wmade up of

65 to 80 per cent water, about 16 to 23 per cent proteins

..'/? L B
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and & preater or lesser amounts of fat (Norman, 1975). In
addition, the flesh of a fish contains relatively large
emounts of vitamins, substances indispensable to an adequate
and zrorerly bhalonced diet, The vitamins are drived by

the fishes frem plankton, which directly or indirectly pro-

vides the source of food for all fishes.

In trornical countries freshwater fishes provide a val-
uable scurce of food suprly, but, the world over, it is the
marin: fishes that form the bulk of the food of mankind,

In different parts of the world deen-rooted prejudice against
the use of some fishes as food exists. In Malaysia Tilapig
is consicdered as a poor man's food or 2 low class food. A
numher of fectors contributed to the low acceptability of
this fish. T“hey include price, apreatance of the fish and
attitudes c¢f the consumers, Tilapia is cheap comnared to
other fresh-wrter fishes hence dces not get into the daily
diet of thc higher-income group. 1In most developing coun-
tries anything that is cheop is considlered as belonging to

a low cless; "a social attitude which is difficult to

change" (Lain, 1979).

2.1,2, FICH 3Y F..OUUCTS

In acddition to providing man with food most fishes
yield a number of by-vroducts which may be of some commer-
cial importance. (ils of various grades, ranging from the
crude oils used in certain manufecturing processes to medi-
cinal cod-liver oil afevobhtained from fishes.

Pish mcels and fish fertilizers are products of econo-

mic importance, that succeed in using up all the waste parts
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of the figh, "ish meal is used to feed poultry, cattle,
trout, catfish and other domestic animals (Bond, 1579),

and is particularly reliable for chicken and young animals,
as it contains vroteins in o readily digestible form, as
well as high percenteage of calcium (s~deghoye, 1875, 1981;
Norman, 1975).

Cther than meal and oil, fishes are used in the manu-
facture of glue, #s a scurce of leather, silver pigment for
certain paints ond many other minor items or products (Bond,
1979, 7.C, 1963). Fish glue is a product obtained mainly
from such fishes as the Cod, laddock, Follach and Hake (Nox-
man, 1975).

The sk}ns of sharls and Kays and other fishes are used
to provicde the dWdfreen used for covering card cases, jewel
hoxes, sword scabbards, and for ornamental work of all
kinds, The silvery sceles of the 3leck (Llhurnus) a cypri-
nid fish found all over Burcone, were used extensively in
the manufacture of artificinl pearls,

2.1.3. BICLLSEIC/L CORTARCL

Fighes 2re used to control orgonisms considered unde-
sirchle, Frohehly the hest known of the insect-controlling
species arz the various. members of the fomily Ioeciliidae,
especially the genus Gambusia. C(ne species, G. iffinis,
called the mosquito-fish, has been introdusced into many
- arens in different continents. Several fishes feed unon
fresh-water snails, thereby destroying 1ntermeﬁiate hosts
of nerasites of man, Uxample of such fishes include cer-

tain ifrican cichlids and the balck or mud coerp of Asia
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(Mylopharyngodon piceus).

m

The gress cerp {(Ctenopharyngodon idella) feeds almost

exclusively on agustic plants, ingésting nrodigious amount
daily. &lthough neot all the amount ta%en is digested, the
vepetation is shredded by the figh's pharynpeal teeth and
pa sged through the alimentary canal, beconming in‘effect, a
fertilizsr for other plant growth. Usuelly the sctivity of
the carp promote phytoplankten grovth, so that rooted plants
are destroyed not only by hbeing eaten but by the shading due
to phytorlaniktton hlooms. Tilnpia species feed upon filemen-
tous elpoe and soft vescular plants, Some afe efficient at
removing vegetation from irrigetion systems, and are used for
weed control in ditches in the South Uestern United Gtates,
Iin some instances predatory fishes are used to control
.yopulations of ether fishes. In Tilapia culture in rice
fields, for examrle, 2 few snakeheads (Chenna} are often

added to crop some of the excess juveniles,

2.,1.4. SCIENTIFIC STUDIGS

In scientific ficld of studies fishes arelexcellent
subjects for tha study end demonstrrntion of anatomy, physio-
logy, ecclogy, evolution, and other aspects of science.
They are well-suited to systemetic studies becsuse (&) they
are ahundant in snaecies and pumbers, widespread, and readily
availahle; (b)) they possess meny characteristics that are
especi&}ly vell-suited for taxonomic analyses end statistical
treatment; (c) environmental correlations are weel mnrkéd;
(d)_ many have nroven suitehle for experimentel enalysis
under lahoratory conditiop.and (e} inf{egrgrodation and .

, o . . ., . . - arw . ) -
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hybridization are relatively common and provide tests for

genetice reletionships (Lagler ot al, 1877).

2.1.5. SBECLE.TICHN

decreational fisheries or fishing for fun originated
from hool-and-line fishing for food fishes. Opeed, stamina,
and leaping shilities cxhibited by moany fishes have allowed
them t¢ put up noble strugple to prevent cepture, and the
lightening of teckle to give the fishes e fighting chence
can be seen £s5 a natural development transforming & serious
matter of feed gathering into a form of play. Sports fishing
for many anglers serves a dual purpeose for they utilize
their catches as food, +wfricon geme fishes included the

Nile perch (Lates pileoticus) and the veracious tigerfish

(Hydirocynus goliath)(3ond, 1979).

Celour, form, mcition, and habits of reny fish species
hoave attracted many aguarists in many parts of the world.
Home aguaria and ormamental pond onthusisnsts are estimated
to number more than 20 million in the U.S.4A. and about 2
million each in Canada and Jaman (Sond, 1%79)., Nations of
Burcpe and asia import ornamentel fishos. Beceuse of the
relative eage of culture, care, and shipping, freghwater
species are uscd much more than marine speciesa

Brazil, Ceclombhia, Guyona, Singapore, [longkong and
Thailand cre some of the major exportars of aguarium fishes.
Usuelly fishes are capturcd by means of traps, seines, or
dip nets by individuals who then sc¢ll them at a collecting
point from which they arc transported to ¢xporters. The

export trade in crnamental fishes from Hongkong is worth

0./11
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ehout 4 million dollars per yeér, thet from 3ingepore.
about 4.5 million dollars rer year, The annual value of
aguocrium related trade in the U,SB.4. is estimated at about
7CC millien dollers (Bong, 18790).

Varicus countries and states ore placing restrictions
on the transport of aguarium fish for a veariety of reasons.
Soma coupntries fear the depletion of the supply of certaln
native fish s;ecies. Cther countries prohibit expert or
import of species declared endapgered or especially rare,
Some grecies considered potentially harmful to humans or
to the environment of & country where they might be intro-
duced ere restricted from free trade. Certain stingrays,
stone fishes, licnfishes, and weavers are listed &s unde-

sirable in the U.S, /.

2.1.6, HidiPUL FISSLES

The relationship hetweenyfishes and man are nct always
pleasent, Thrcughout the many orders of fishes there are
apeciss Kknown te cruse illness or death when eaten while
others have stinging svines that introduce venoms. These
poisconcus and vencmous fishes constitute genuine hezards
to divers, fishermen, and bathers in the natural habitat
of the lishes, and to aquarists and diners who might come
into contact with fishes or flesh in sreas far removed from
their origin. Ciguatera is the most wicdely known type of
poisoning caused by fishes. This poisoning causes nauses,
vomiting, abdomihal poin, reversal of hot and cold sensa-
tion, and numbness of the mouth, C{ther sypes of sympt oms

may include headachey musculer aches, dizziness, and,
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occasionally; hlistering end loss of skin on hands and feet,
Examnles of fishes that ceuse this poisoning include morays

(Imrocnidae) and haracude (Sphyraenidae) (Sond, 1979).

Some fish femilics contain species capable of inflicting

painful stings that combine mechanical injury with release

of vonom. Ths stingrays ond Syncdentis are good examples
ef thoese families.

Electrogenic spoecies such rs Torpedold Eiectrophorgg_

and Maloptorurus (electric ray, cel and catfish) ere ine-

jurious to man, They cén all cause pain and temporary numb-
ness when touched, i.8 man eaters sharks draw the most

attention.

21,68, DISELSE VELCT(R3

h

Yarious specieg of fishes harbour parasites that can
affect man directly in arcas vhere freshwater fishes are eaten
rav or without sufficient processing. Most of the paragites
invelved are worms-nemdtodes (roundworms), cestodes

(tapeworms)}, end trematodes (flukes).

2.2. FISE IDLNTIFICLTION

The sheove relationships between fishcs and man are of
_great.economic imsortonce. For this reason, stufiecs such
as the taxoncmic studics of fish have to he pursued in order
tc throw ﬁore light on the relctionship between the fishes
thémsalves. [For these studies te be successful, proper
identificetion of the fishes is desirable, ‘

idtheough of greot importance to managemént, preper
identification of fishes is cften difficult to attain.

At lesst in the eprly stapges of work, an investigator
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should have hiz sttempts at identification verificd by some-
cne gualifie? to do so (Lopgler, 1972), Sometimes specimens
are taken to museums and compared with materials previously
identified by sxperts. The United States National Museum,
Viashington, L.C. and Fusecum of Zoolegy of the University of
Michigan are tha host able to provide this service in the
United OGtates. In Oritrin, the Sritish Museum ¢f netural
history is also Rery cfficient ir this resrect. Locaily
no muscum of such & nature exists but one is alweys sure
of poetting the scrvieces of the above muscums when they are
approaéhed. |

Beside museums certain individual specialists who are
willing to cooperate help in the identification of fishes.
Identificaticon can procced by the help of pictorial guides,
Beookts written by Zeed (1987) and Holden and keed (1972)
are very useful in the identification of local fish species.
l1so identificetion can nroceed by the help of keys. Lowe-
McConnell (1972} and Lewis (1974) have provided such infor-
mation on many local fish species,

Somz members of the familics Characidae, Mochokidae

and Cichlidae described helew are identified for this
electrophoretic studies by the help of nictorial guides,

. keys end the help of individual experts.

Celel, WiNILY CHALLCIDLIR

The femily Charocidae 18 represented in the Nerthern

States of Nigerinb¥hrae gencra and fifteen species, all of
which are pelsgic predetors, Members have celongated, fusi-

form hocdics, usually silvery in colour and covered with

o/ 14
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cycleid scales, Hul scales are not rresent on the heoed
(leed, 19267). ell developed rayed fins and a small adipose
dersal fin is prosent, The latercl line passes along the
lower side of the flanks, Teeths, especially those in

nydrocynus are well develconed, The flesh is white and

tasty, but fine ond sharp hones meke cating difficult. The

three genere are Zydrocynus, Macralestcs and ilestes.

2.2.1,8., HYDRCCYNUS

The genus llydrocynus 1is represented in the same re-

gicn as stated ahove by four spccies. Large mouth and a
single row in each jow of large pointed teeth which are
razor-sharp on hoth edges, spaced well apart, and can be
seen cven vhen the mowh ig closed are important characte-
ristics. (Fig.1). Their common name of Tigerfish is as a
result of these teeth. They have streamlined bodies, sil-
very in colcur and heve deerly forked caudel fins., Their
nostrils arc clrse together near the eye and ere separated
hy a vclvulaf-flap. The lateral line nesses along the full
length of tha sides.

Tigerfish usunlly inhabit the main rivers but they are
cccasionally found in swoamps ccemmonly arcund shollow send-
banks, They seem to travel sinrly and not in large schools
(Reec, 19€7). The shapc of the mouth indicates that Hydro-
cynus &are predators, Insccts and water beetles form the
bulk of thc foed for the young while the adults prey upon
other fish, éspccir!ly nlestes.

Cnly species obhtained cduring the period of this work

(Cctober, 1983 to iril, 1904) are described. Iydrocynus

s/ 15 o0e



FIGA HEAD OF HYDROCYNUS



16

semonarum, Dag~st, Fig, 2, is Gecper in relation to its
length thanltho cther two s*2cics seen., The tail is less
deerly forked apnd has shorter lebes. The distance from

the snout te the dersal fin ds 1.6 - 2.0 times as great as
the distance from the dorsal to the adipose fin. The hody
is 3.5 - 4,0 vimes as long os its depnth, ‘There are 45 - 52
latorsl line scrles - 7.5 to 8.5 series nhove and 5.5 series
belew the lateral line. The eye has a small adiposce cye-

1lid, The colour is uniformly brickt with scarcely a trace

of loncitudinal stripes~the only Hydrocynus without dis-
tinct strips.

HAydroceyprug lincatus Blecker, Fig, 3, is smaller than

the other srecies, It has six distinct longitudinal stripes
on cach rowv cf scales ghove the lateral line and usually

on¢ cor twe rows heneath the leternl lines. These stripes

are formed by 2 small black spot on each scale. The tail
has long, pointed lobes of enuel length and is deeply
forked,

The =colour is generanlly silvery end the dJorsal fin is
groy or ycolleowish, often with the anterier part reddish.
The adirose dorsal is usually white at the base and the
remaincer black. The pectorel, ventrel and anal fins are
lipght yellow, crange or pink; tho upper lobe of the caudal
fin is grey, yellow or orange end the lower lobe.is bright
red., The wprer part of the c¢ye hns an orange~red mark.

dydrocynus forskoli Cuvier, Fig. 4, is long, slender

with a deeply forked tail. The adipose fin is grey in

colour and smuller than that of other srecies. The distence
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from the gsnovdt to the dorsal is 1.4 to 1.5 times as great
as the distance from the dorsal te the adiﬁose fin, The
body is 4.5 - 5.0 times as long as it is deen. There are
48 ~ 3% latereld line scules; 7.5 series of scales above
and 4.3 ~ 5.9 series helow the lateral line, The eye has
a well developed adipsse eyelid.

Cn the back the colcur is grey or olive-green; the
sides &are silvery and there ere dark, longitudinal stripes
along each row of scoles ahove the.lateral line. TThe dor-
sal fin is grey, with the distal rays slightly derker.

The upper lobe of the coudal is grey and the lower one
hripght red.M The anal fin is orange, especially the an-

terior nart. he pectorals and ventrels are yellow.

2.2,%eh. LLESTES

The genus ..lestes has at lecst nine species in Nor-
thern Nipgeria (liced, i967). They have medium to elengated
silvery bodieg vypical of pelagic fish. Cycloid scales
cover the hody and the cheeks have large sub-orhital
rlztes. The nostrils are close tegether near the eye and
rre gsoparated by @ valvulsr flap. The dorssl fin is in
line with, or 1o the rear of the ventrasls and therc is a
sm11 adinose fin, “he lateral line is complete and runs
low along the sides, BSexes are easily determined by the
gshape of the snal fin which dn femalesg is straight or
concave apd in males is convex. Fig. 5.

Most specieslof wlcstes are common, perhaps ihe

commonest in the region, They are found in swemps; small
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creeks and¢ rivers. Ohallow, sandy habitat in rivers is
preferred by the larger species where they live near the
surfoece end are renuted to feed on plankton, insects larvae,
water heetlés, sn2ils and plants,

L1l>stes barcmose (joamnis), Fig. 6, has a long slender

body the stondared length heinpg equel to 4.1 to 5.1 times
the depth of the body. The dorsel fin has 2 simple and

8 branched faya and the annl 3 simple and 22 - 28 branched
roys. There are 44 - 51 small, weak scales in the lateral
line. The eye hos on adipose cyelid.

The body is silvery in colour, the back bluish-grey
and the helly white. The unper lobe of the caudal fin is
clear or tinged with yellow; the lower lohe, which is often
slightly longer than the upper one, is bhright red, and the
deerly-forked tail is hordered on the inner edge with a
dork hanl, This species is very common in this region.

ilestes nurse, iuppell, fig.7, is 2 very common,

medium sized specics. Its hody is strongly commpressed, has
o slightly brojcctinn snout when the mouth is closed, and ¢
hright red tail. The corsal fin has 2 simple and eight
hranched rays, while the anal fin hes 3 simple and 11 - 14
brenched rays. There are 27 - 32 large scales in the la-
teral line and 5.5 series of scales zhove the lateral lime.
The bedy is generally silvery on the sides and olive-
bronze on the back, There is a dark patch near the end of
the caudal neduncle and 2 less distinet, reddish mark above
the eye. Th: dorsal, anal, ventrel and adipose fins, and

sometimes the recteorals, are also tinged with red. It
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FIG. 6 ALESTES BAREMOSE
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grows to & length of ahout 200 mm and is very common in
mest habitots.

ilestes leuciscus, Gunther,; Fig., B, is a small snecies

having o moximum length of about 70 mm. The colour of its
teil is sulphur-yecllow. The dorsel and anal fins are
nale lemon spd the adiposce iz yellowish-orange., The sides
of the bedy is silvery, the back, grey, and the belly vhite.
‘hen alive, a bluish stripe is évidenﬁ, extending from the
median rays of the tail through the caudal peduncle and
sometimes about one-third of the length along the side,
Young srecimans de not usually show thesec.

™c¢ dorsal fin has 10 rayg, two simple and the rest
branched, whils the entl fin has 3 simple and 15 - 17
branched rays. There are 27 - 29 scales in the lateral
line and 5.5 rows of scales above the lateral line. 4. _
leuciscus are hordy and attrective in en aguarium.,

Llestos mecrolepigotus (Cuvier and Valencienne) Fig. €,

is by for the largest of the slestes., It grows to at least
500 mm, and weight ¢f more then 2 kilogrommes,

Their dorsal prefile is flattened on the top of the
head, They have n prominent snecut, big eyes and large,
strong scales of which there are 22 ~ 26 in the lateral
line. (The swecific name, meaning "large scaled,” refers
to this churacter). The tail is large, not deeply forked
and yellow in colour., The celour of the hody is greyfish—
olive on the bsck, lighter on the sides, becoming white
on th~ lower sides n~nad belly, The peétorals, ventrals, and

anal fins are marked with red, ond the adipose dorsal is
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alwvays hright red in colour., Fatches of yellow or orange
+»
arce found above tle eye and under the chin. :

>

lestes brevis Boulenger, Fig. 10, resembles the pre-

ceeding species hut the top of the head is shorter, its
length heing not much more than its greatest width., It has
21 - 23 lotoeral line scales.

— s

é;ggﬁgg WY, Tige 11, This species was not identified
usingHEQailahle bocks and Xeys. Lxpert help was spught but
identificaticn vroved difficult,

The specics is small sattaining a meximum length of
about 70 mm, Its {nil; dorsal, anal and adipose fins ere
yellow. The body is silvory on the sides, olivewgreen on
the brek and white on the belly.

The dorsel fin has 2 simple and £ branched rays and
the annl fin has 3 simple and 14 - 17 bhranched rays. There

are 27 - 29 scaloes in the lateral line and 5.5 rows ahove

the lateral line.

2e2e2s STNCRCNTID BEICIES

The next family in this study is the family Mochokidae.

comrrising Bynocdontis and Chiloglanis., The commonest genus

in this feamily is Jynodontis, in which thoere are more

species than in any other catfish penus. it least 21 specics

oef Synodontis have been recorded from the Nipger. Needless

to say, this hewildering array leads to difficulties of
identification (lioden and kced,- 1978).

Synodentis ore characterised by having short, stumpy

hodies apd & head shield, that is, the whole of the head

ragion as far as the bases of the dorsnl and pectoral fips
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is ossifiad, the bone usually being rough and granulogs. Their
dorsal fins are rether short, consisting of & strong serrsted
spine and @ -~ 7 branched rays fellowe by & large adipose :
fin., The =nzal fin is short-baosed and the tail is deeply
forked and has nointed lobes. The pectorel fins have strong

serrated spines. L11 Synodeontis have a pair of maxillary

apd two nairs of mandibular barbels the latter heing branche?
or ramified.. The nostrils ore widely senorated from each
cther sng the anterior one is tabhular, The eyes are leteral
or superolateral and have a free horder. The mcouth has

well developed lips with 2 series of finf, more or less ¢
curved testh plonted in the lowzr lip, somewhet like & comb.

4 kay character usef in identifying Synodontis is the numher

of these teeth-thic mandibuler teeth., The numher of these
teeth will He given in perentheses immediately after the
specific namn is first mentioned. & band of conical pre-
maxillary teeth oxists, but the palete is toothless. The
gill membranes are confluesnt with the skin cf the isthnus.
The cir-bladder is large ond free end the long intestine
forms numerous convolutions.

The pointed serrcted spines of all Syncdontis can

inflict & painful pein if they are net handled with cares

Some smoll roiscn glands 2re associated with the spines in

some grecies and this can ceuse grect pain but treatment

with disinfectonts remove the nsin (KReed, 1967), ' .
Females procuce large numbers ¢f small yellowish eggs.

The testes of males are in the form of a convoluted ribbon,

white eor greyish in ecolour.

"./27_ X}



27

Synodoniis betensoda, Kuppell (Fig. 12) (27 -59, most

commonly 41 - 54) is one of thc commonest species. It is
socty tlack on the Lielly; the sides, back and dorsal fins
are Erownish srey, sometimes with a purplish tinﬁe. The
caudal sapn enel firs ere greyish, with numerous dark spots
forming vertical »onds, especially marked on young specimens
(Reed, 1967). B. Lntensode has the peculiar habit of swim-
ming'upside down, This epahles if to use the water with

the highest oxyigen content because the pools it inhabits

are often stagnant.

Cynocdontis clarias, Limnacus (Fip. 13) (5 - 9) has

the hody of = slete-grey colour, and, bright pink tail, the
upper lobe of which is clongated (Reed, 1567)., The cclour
hecomes uniform after it has been preserved for a while in
formalin,

& distal membrane exists at the base of the maxillary
barbel with finoly tuherculated branches., It is the only

Synovcntis having, the mexillary harbel branched on the outer

edize {Reed, 196G7). The dorsal spine is strongly curved

and the soft terminal part is nroduced into a short filament,
Juveniles hove alse the first andl second rays of the dorsal
fin elonpated.

Synocontis filnmentosis, Boulenger; (Fig., 14) (i7 ~-23),

can he rocognised by its dersel spine, the end of which is
drawn cut intc & long filament which reache® the hase of the
tail fin. It has & rounded sncut, oval-shaned eyes and 8
long, slender “edy. The maxillary barbels are broadly

margined at the base and the mendibular ones have numecrous
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leng end ramilied branches, The pectoral spines are
lightly serrated on the exterier and deeply toothed on
the interior edpe (Holdern and lced, 1278).

The colcur of the bedy is yellowiéh-grey marked with
an irrcgular pattern of black snots. The belly is white
and the caudsl lohes are bordered near the exterior with
black. The derbk snots are more conspicucus in young specie
meng wiere they are arranpged in three, more or less distinct

bands on each side of the hody. S. filamentosis does not

grow very large and it is common over rocky bottoms and is
rorely found in flood plains (Holden end iiced, 1978).

Synodontis eupterus, Boulenger Fig. 15} (40 -56), has

the enterior soft rays of the dersal fin about uniformly
elongated, giving a "sguare-sail rig" shape to the first
dorgal fin. The dorsel spine i8 very stropng and the rela-
tively long pectoral spine is moderately serrated on the
cuter e¢lge and Jdoeply sorrated on the inner one. Thc upper
lobe of the deeply forked caundal fin is usuwally the longest.
The maxillary harbels have stroicht fringing membhranes.
The external mandibular barbels have long remifications and
the inside ones have short ramifications, forming tubercles
near the hase.

The body colour is uniformly olive, with smzall round
black spots on the bhody and on all fins,  Juveniles have
the spots serried inte an irrepgular pattern ef Jdark tiger-

like stripes. 5. cupterus 1is & small species,

Synodontig schall, Bleck and Schneider, Fig. 16 (20 -~

36) always has the skin dJdensely villose., it has a rounded
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gnout and the Ilips are moderately'developed. The maxillary
barhel usuelly has a very narrow memhreane, visible only at
ity hase. The external mandibular barbels have long rami-
fications and the internal onee have short hranched tubercles
neoyr the hase. The unper lobe of the caudal fin is longest
and 1s sometimes prolonged inte a filament; the caudal fin
being always deeply forked. The pectoral spines are deeply
serraﬁed on the rear edpe and usually prolenged into fila-
ments of about half their own length.

The body is greyish or olive=brown and whitish ventra-
11y in adult specimens, The paired fins and the anal fins
are sometimes blaclkish, HNumorecus dark spots on the body
and fing gre founmd on medium sized specimens. The snout

is usually streaked with yellow (Reed, 1967).

2.2.5. CICILINLS

The family Cichlidae consists of bony, perch-like fishes
whose body is usuelly hilaterally compresseds Most bhony
fishes hove two pairs of nestrils, but in &1l Cichlids therec
is a gingle nostiril at each side of the head, and this fea-
ture alene is sufficient to distinguish them from fishes
of almost all other families, and certeinly from all africen
freshwater fishes (Fryer and Iles, 1%72). The head is income
pletely covered with scales. A single well developed dorsal
fin vhose onterior fin roys take the form of spines and are
usually more numercus than the soft nosterior rays exists.
The pglvic fing, which have an cuter spine and five soft
rays, are located well ferward on the trunk. The mouth ig

protactile; that is the jaw can be protruded. This is of
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rreat relevanc. (2 feedinp hahits. The jaws are armed with
teeth which are very variable both in structure and number
in differcnt species. &1! these teeth are located on the
jows themselves; none being found on the bones which com-
prise the palate,

Thig fam’ly hes nroduced an encrmous variety of species
in Lfrican fresh waters. lMany of them are cheracterised by
extremely specialised feeding hebits, which have enabled
them to live in peculiar environments (Holden and Reed,1978).
All available feeding niches, including some rather unexpec-~
ted ones, appear to have been exploited by one or other of
these fighes. Most of this specialisation has occurred in
Eést and Central iAfrican le%es. In ‘/est iLfrice the unspecie-
lized species are commonest (Holden and keed, 1978).
Non-sreciclization is typical of the Nilotic fish fauna and
it incdicates t:at there has always been 2 considerable
amount of inter~“2nge “etween the different river systems.
Uhen populations of a species hecome isolated and prevented
from inter-Yroeding Ly pecpraphical barriers they evolve
in sevarnte Zirections. Opecialization leading to the
evelution of new s-ecics occur as » result of this isolation.

Lack of srecielizaticon Joes not mean lack of success.

In favouradle areas, shallow rivers and flood plains,
Cichlids arz the most abundant group of fish in ‘lest Africa,
Tilapia form O9C per c2nt by number of the whole fish popa-
laticn in the Sokoto river for example (Holden and Reed,
1270). |

The NHorthern Ltates of Nigeria has two genera of
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Cichlids - Hemichromis and Yilapia are common. The genus

Hemichromis conteins two uhbiquitous species - li. bimaculatus

and I, fasciatus; while the genus Tilapia contains three
specics which ere very much uhiquitous in local weters.

They are ", golilaca, T, nilotica and T, zilli, Trewavas
(1278) sugpented the removol of T, palilaea and T. nilotica
from the penus Tilania on the b»asis of their mouth breeding
hahit. This led to the recognition by some authors of

Oarotheroden as a distinct genpus in which the two species

and ©11 other mouth hreeding Tilapia were placed.

demichromis bimaculatus, Gill, Yig. 17 DLIV - XV,

9 - 123 A 111, 7 - € is & smcll species, adult individuals
rarely exceeding 10 cm in total length (iieed, 1967). It is
elongated and moderately compressed, the snout pointed

end the mouth rother small, There is usually 2 conspicuous
bleck spot, “ecrdered in pold ot the upper rear corner of

the operculum; o sccond large spot on the middle of the side,
These snots give this species its specific neme "bimaculatus.™
L third, oftn incenspicuous spot is &also found on the caud:l
pecduncle, The gencral colouration is usually ocgge or tan,
with & feint irridescent snangle on cach scale and more
spengles on the dorsal and cosudal fins (keed, 1967),

Oreeding individuals become brillient red, the meles tending
slifghtly to violet and the femeles more toward orange-red
hues; at the same time the srangles enlarge and take on a
luminous bHlue coleur, and deep black ber runs through the

eye te th2 meuth. These brilliant colours have made the

fish a favourite in the aguarium trade, vhere it is known

B 5,
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as the "jewel fish." (Reed, 1967; Holden and Reed, 1978).
The jewel fish is maerticularly fond of fish fry and

insects., H. bimoculasatus has o very wide distribution

including virtually the whole of est fLfrica, Central and
Scuthern &frica, and even turns up in subterranean springs
in remote regions of the Sechara desert. They seem to prefer
creeks ond swamps, rather than the larger rivers. They

are usunlly found near grassy banks or in dense aquatic
vegetation preferahly in clenr water with little or no
current (dclden and Leed, 197C).

Hemichromis faoscigstus Fige 18 DXIV - XV, 11 - 13;

4 11T, § - 14, prows to & considerably larpger size than
the precceding species, exceptional individuals measuring
250 mm have heen mcorded (Hcoclden and ieed, 197C). The
five dark spots on the flanks mokes it readily disting-
uishrbhle from the other species. The larger and differently
gshaped mouth permits ready identificntion even when the
spots ore not showing. 1t is alsc more slender and
elongnted, |

The colcuration of this species varies so greatly thot
description is Jifficult (Fryer end Iles, 1%72; Holden and
Reed, 1973). Non-breeding individucls ere dark greenish
or yellowish, with the cheracteristic black patches on the
sides., The Jdorsnl fin and upper lobe of the tail are edged
with red in adult specimens and the operculum eye~spot is
hordered with vivid red.

-

i« fngciatus is » carnivore and feeds heavily on

smnll fish, including the young of its own neor relatives
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as well as inscets and their larvae. Because of this habit
the adults are rether sclitary and tend to avoid one ancther
rather than forminpg schools, However, they are most devoted
pafents and pairs may often he seen shepherling large schools
of younp. This species is found in ponds, swamps and streams
end it nenetretes the smallest bodiss of water.

Two distinet colcur phoses of H. fasciatus have been
renorted hy Reed (1967). Non~-breediny individucls of Both
forms are rether dark-greenish or yellowish in colour, with
the characteristic black spots along the sides. The dorsal
and ceudol fins are edped with red in adult specimens, and
the operculer eye-spot is hordered in vivid red, particularly
in the 3 form.

During breeding and when dying H. fascictus & shows
a red or pink ¢olour on the throat and belly region; the
body is bronzy yellow and the black spots are very derk.

H. fasciotus B never show red on the ventral surface,
thouzh large individurls hove much red along the upper
flanks betwecen the spots. During courtship, the B form
becomes very Jdark with o black threat end a tendency for
the snots to fade out. vwhen tending young, this form is
vivid yellow with the pelvic fins end the hody spots con-
trasting in  jet black (flced, 19G67). The dentition of the
twvo forms was shserved to vary. |

Members of the genus Tilepis heve very deep, laterally
compressed bodies, Their scalés are large, usually cycleid
and they have o douhle lsteral line; one laterel line

starts near the head but instead of running continuocusly {0
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the teil, it stops a2lmost level with the posterior end of
the dorsal fin and a second lateral line begins underneath
it and continues to the tail. At the base of the second
half of the dorsal fin is & Hack spot, the "Tilapia spot,"
which is more pronounced in somc sprecies than others, and
is alweys more mrominent in juveniles.

L total of eirht species have heen described from
dest Lfrice hut three specics commonly occur in local waters.

Tilapia 2illi (Gervais) Fig. 19 DXIV - XVI, 11 - 13,

A 1I1I, 7 - 10, is one such snecies, The distribution of
this species is very extensive, including the Nile and Chad
basins, Jest and North Africa. It penetrates the smollest
bhodies of wvater ond can survive 2nd mproduce under very
adverse conditions.

Te 2illi is a somewhat clongeted Tilepia with a charne-

teristic profile, nearly flot below and strongly convex
dorsally, Individual reaching & length of up to 30 cm
are uncommon and the usual odult size is chout 20 cm in
total length, It is rather dark in colour with indistigot
derk barring on the flanks. The unpaired fins are heavily
mottled with dark grey, usually with a pinkish tinge, and
the characteristic "Tilapia spot" at the hase of the soft
dorsnl persists cven in quite large individuals. This
species can show a dark, nearly wine-red colour at the
throoty best seen in breeding fish or when the fish is
just dying on removal from water. |

This spcecies has the heaviest phoryngeal teeth and

coarsest gill rakers among Nigerian Tilapia (Reed, 1967).
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The teeth in the jaws are misc gquite stout and feel sharp
to the touchs This is in keeping with its diet of insect
larvoe ond ceoarse plant materizl. T. Zilli is extremely

hardy and adaptiable.

Tilopie galilaca (Arteci) or Sareotherodon pgalilaea

{(Trewavas), Fig. 20, DV - VI 12 - 143 & IIY, 10 - 11, is
the most easily recopgnised smecies of the genus Tilapia

or Sarcthercéon because of its silvery grey to greep

~colour, the only markings heing a series of black spots
which form incomplete bars on the flanks, when they ere
precsent. The edge of the tril fin is tinge pink. The
threoat may =slso he flashed slightly pink in the breeding
scason (Holden and keod, 1978). This species is deep-
bodied, small-mouthed and cminently microphagous with very
nunerous ¢ill rakers and correspopdingly fine pharyngeal
toeth (Reed, i$67). It eats both phytoplankton and epi-:
phytic plents. Lo

Tilapia nilotica Linnacus or Sarotherodon nilotica

(Trewavas), Fipg. 21 DXVII - VII, 12 - 143 4 111, 8§ - 10,

is readily identifi=d hy the white ang hlue-hlack vertical
hars on the soft part of the dorsal fin and on both the
tail and anal fins. Yhe body is elongated, generally dark
in colour, with even darlker bhands on the back. Cften each
scale is tipped with white; the throat and belly are white,
except in the breeding season when the former becomeéia
deep red, This is one of the largest Tilapia, reaching a
considerehle length of about 30 em. In keéping with the

size of fish, there may be up to 2,000 epgpgs in a clutch, |
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Ts nilotiza inhabits rivers and lakes and sizes vary
denencing on the habitat or the lecalities they ere found.
In the river Gokote the prectest length is 34 em while in
the Hiver Niger in the vicinity of the Kainji Dam it reaches
42 em  and grows slightly faster, 48 with all Tilapia,
males grow te a larger size than females (Holden &nd Reed,
107¢).
2.3, HIBTULRY CF FILH T£ONCLY

The history of fish taxonomy cannot he isolated from
the history of animal taxonomy in general, The boginnings
of taxcnomy no douht antedate recorded history, for it is
one of man's characteristics thet he likes to name and
arrance things. Aristotle (383 to 322 B.C,) synthesiged
the knowledge of his time and formulated it into the hegin-
nings of & science, 4ilthough he Gid not propose a formal
classificetion, &Lristotle provided a hasis for such when
he stated thoet "unimals may he characterised according to
their ways of living their mctions, their habits and their
hodily parts.” Iis philosophy rrevailed for nearly 2,000
years (Lagler et al, 1977). Of the Zoclogosts who lived
shertly before Linnneus, John Ray (1627 to 1705), proposed
a morce natural system oflclassification than his predecessors
and his work had a marked influence on Linneoeus (1707 to 17°.3),
Linnaeus consistently applied what is known as the binomial
system of hom@nelature in the tenth edition of his monumcnta’

Systoma Naturae (1758). By common consent, systcmatists

throuphout the world have agreed to repgard the year 1758 as

marking the commencement of the scientific naming of animals
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(lormen, 1975). Lirnnaeus was subsequently called the father
of taxonomy., Hc provided a hierarchy of categories; variety,
srecies, jenus, order, clsags, end kingdom. Later the princi-
pal chonges were, ndding family ond phylum. ‘His system
was so practical that it was quickly adopted, expanded, and
elaberated end it dominated the ficld for the next century
durins which time srecies were w garded as immutable (Lagler,
et el, 1877).

L century leter, Charles barwin's revolutionary theory
of 2valution produced & teemendous stimulation of biological
thoughts end work. ‘orkers in the decades immediately

followirg his Un the Crigin of species, 1059, were concerncc

prinei-ally with discevering whether living crgapisms
actually are decondants of common ancdstors. Il'hylogeny

was, therefore, the chief preoccupation of this pericd. The
phylogenetic tree was introduced hy iackel (1866), and
proved te he ¢ useful and stimulating method providing
taxonomists with 2 graphic means of exnressing nresumed
relaetionshins, This wes a nroductive and exciting neriod
in the history of taxonomy, and scme of the keenest minds
were attracted to the field by the reward of almost daily
discoveries of new swecies and gener® and, not infrequentl -,
of negw familics or orders. However, by or hefore the end
of ihie ninetcecenth century, the period of such major disco-
veries emcnp the higher animals wes over. Those who were
anxious to describc new orders, femilics, and generg now
resortcd to refining the classification and splitting the

existing categorics. As mipht be expected, some of this
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splitting was ﬁncess&ry and benzficial, but in other c&ses.
it lod to a disintepgratiocn of notural categories by concea-
ling truc affinities, Taxonomy fell inte disrepute during
the eclose of the nineteenth century and carly twentieth
century due in part, to such cexcessive sgplitting.

The most rocent phase in the development cof systematics
hag Leen characterized by stucy of evolution within specios,.
The more diverse the data brought te bear on claossificetion
the mere reliable the resulting srrangement is likely to
be. Thé modaern systematist mey be oble to draw information .
from such varled fields as hiochemistry, physiology, genetics,
hehavior, scology, geographical distrihution, paleontology
and cytolopy to surplemont and strengthen the more conven-
tional laheratery d=ta of morphelogy &nd anatomy.

Taxonomy, the stucy of thz thecoretical bases, principlces
end procedures nacessary to an understanding of reletionshirs
is the source of information for clagsification (Lagler et
al, 1977). It is important at the outsect to distinguish
hetween classifying things and noming cor identifying themg
for these two activities are totally different, Classifi-
catieon involves scientific philoscophy that uses inductive
procedures that allow us to place individunls into previous-
1y established taxa,

Systematicg invelves hoth taxonomy &nd classification.
It is the scicnce that deals with the kind and diversity of
living things and with their arrangement into a netural
clasgification. Basically a study of the cvolutionary re-

laticonships of orponisms gystematics lies at the foundation
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of hiclogy ond it is elementary, in ensuring & sound struce
turc to looz to the foundations, &L system of clessification
provides the meaps for attscking the problem of the origin
en? evelution of life. =Zveryone is, at heart, & classifier,
whether by virtuc of nccessity or because of merc curiosity.

Aclationships among living things arc the direct result
of what has hipnened during their evolutionary history; that
histcry is 2 resl phencmenon, whether or nct we may be able
tc reconstruct it pracisely (Lagler ct al, 1977),., All
annrotches to understanding the systematics of organisms
are limited to the study of similarities and differences
an?d arce hasically comparative in principle. Renewed interest
in the methods ond theory of classification has been enhanced
by the development of a new suhject-protein taxcnomy (Crick,
1658) and by the development of the computer and the coming
of vholz noew crceas of inquiry designated numerical’ taxonomy,
including clrdistics.

The nrimcary function of classification is to create
order out of choos hy leading to accurate identification
of inldividuals, and te¢ their renking or arrangement into
various taxe, sincc it is impossible to discuss or think
about crporisms without first assigning them names. To do
this also roguires the application of biclegical nomencle-
ture to the group (Taxa) that are recognised. Nomenclature
invelves the application of distinctive names on the basis
established rules.

Lnz aim of classification is that of convenience.

The catepories of the systematist are based on degree of
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similarity so that the mere closor two organisms are related
the more character they will usually share., Latin names
werc aprlizd to animals and plants loﬁg hefore 1735, when
Linmnaeug first attempted to catalogue all the known kinds,
and it no Jdouht Dboecame 2pparent even in the most primitive
societics thut it was useless to make observaticne on a |
plant or animal unless one knew its name.

The sccond function of classificaetion is that of serviag
a8 & guide to relationships. _Modern classifications are
hagsed on rhylogeny, but classification and phylogeny are
digtinet and sheuld not Te confused. Fhylogeny is the
actual eveolutionery history of orgenisms and is natural,
 continuous ond dynanic. Classification is the rosult of
numan efforts to interpret or reconstruct phylogeny, and
it ds arbitrary in that many classifications may be cons-
tructed from the same phylogeny. The evoluticnary historyl
of a group contails one, and only one, nhylogeny; but, in
developing & sound interpretation of the oripin and evolution
of such a groupr, scicentists propose various schemes of cla;
sgificaticon that undergo changes ns new light is shed on
~ the course of evolution (Logler ot al, 1977).

Irotein toxonomy as o suhject is now throwing more and
more light on plant and animal classifieation. #rotein
molecules determine the form and function of living things,
The significance and remarkoble scope of their functions
are exmplified in: cnzymotic catalysts, transport and
storage, cocrdinated motion, mechonical supnort, immune

protection, generation and transmission of nerve impulses,
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and control of grewth and differentintion (Stryer, 1975).
Froteins are made from intricotely folded chning of amino
aeids, The primnry structure of each rrotein - the se-
guence in which its amino ncids units are linked together
~ ig governa2d by the-sequence of subunits in the nucleié
acid of the pepectic material {(Suttie, 1972). The nroteins
of 2n organism: nre therefore the immediate manifestetion
of its gemetic endowment (Smith and Goldstein, 1967; Nedi,
1272 Dessauer, 1974; and Stephen, 1574),

Dayhoff (1969) pointed ocut that from o hioéhemicnl
peoint of view 2 funpgus and a man are different primarily
because cach of them has a differont complement of proteins. .
Yet human beings and fungi and orgonisms of intermediote
hiolopical complexity have some preteins in commen. These
hemolepeus proteins are quite similar in structure, relec-
ting the ultimete common ancestry of =all living things
and the remarkable extent to which proteinsg hove heen
congerved threoughecut geologic time, 3ecouse of this con-
servation the millions of nroteins existing today afe in
effect living fossils: they contain information about
their own oripgin and histery and shout the ancestry and
evelution of the organisms in which they are found. )

Becnuse of very similar observations as abbve,ss
long oo as 1958, Crick pointed out that "hefore long
we sholl have a subject called protein tnxonomy," or bio—
chemical systematics (Tsuyuki and koberts, 196€).
gibley (1983) pointed out that the biochemical study'.

of proteins was just comparative mbrphology at the
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moleculsr lovel. Uayhoff (1969) supgested that slowly
chapping proteins will provide the bHest information on
long-term evolution ~nd r-pidly chenging ones "will provide
higher resclution for sorting out clesely related species.
Fepulaticn genetic studies which hove hegen carried out on
many cormercially immortant species of fish hove enabled
fisheries Miclogists to identify unit stocks and often
confirm dzta produced by classical meristic studies (Smith,
1969¢3 C'liourke, 1974). Wright (1266) made the importent
neint that taxcnomic methods like oroeotein taxonomy are not
suhstitutes fer traditional mofphological opproaches but
are 2uxilicry to them. However, if o taxonomic nroblem
cannot be re~dily resolved hy morpholoegical comparisons
there is almost certainly some experimental approach which
wiil thrcw light on the situation, IHubby and Throckmorton
(19£5) observed that morpholegical differcnces are roughly
correlnted vith nrotein differences when they were working

cn protein differences in Drosophila.

Frotein taxonomy omploys the following orgument: &
type of pretein such as haemoglchin, which in different
gsrecieg hns the some functicon, may show specific differences
in the rote at which it migrates throuprh a medium under the
influence of an clectric current. Lowe-MeConnel (1978) |
pointed out thot these differences in electrophoretic
mchility reflscts differences in the fine structure of
these proteins which heve o genetic basis. The potential
value of rretein analysis in taxonomy is emphasized by the

fzet thot such Jdiffercnces can exist batween species whose
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gross morpholoyy may be very similar, The correlation
hetwean clectrorhoretic patterns 2nd protein structure is
nroviding a firmer h2se upon which biochemical taxoncmy

nay work (Knox, 1979).

244, BLECTRCrFHC.SSIS

Electrophoresis encompassed all coperations in which
cherged molecules migrote in electric fields through solu-
tions (Clark ancd Switzer, 1977). The hosic principle of
electrephoresis is siraight fcrward, If two clectrodes
across vhich # notenticl difference exists ae placed in
an aquecus sclution of NaCl the cetion, Nat, will move
towcrds the cathode (the nepative pole) and the anion,

C1™, will move towarcs the anode (the positive pole),
Lssuming the solution to be more or less neutral then only
sm211 cneentrations of HY and O~ will be present. It is
the Na¥ and the C1™ ions that corry the bulk of the current,
a situcticn readily ap reciated by remembering that the
conductivity cf aqucous NaCl grecatly exceeds that of pure
water (Sergent, 1975).

All types of electrophoresis are governerd by the
single set cf pgenersl principles illustrated by the equation
below:

applied . |net charge
mohility of a voltage on the molecul]

molecule

Nemely, the mobility or rate of movement of a molecule
increases with incressed applied voltage or increased net

cherge on the molecule. Conversely, the mobility of a
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molecule decreases with increased molecular friction caused
by molecular size =and shope. Total zctual movement of
meoleecules increases with increaséd'time for mobility invol-
ves rate of movement (Clerk and Switzer, 1977).
If the voltage or current arrlied to an electrorhoresis

system is constant throughout the alectrophoretic run,
the mohilitics of the molecules being resolved will then
reflcect the other terms of th: equation abeve, namely net
charge and frictionzl characteristics.

Electrephoretic separétion of large macromoplecules
follow the pencrel vrincirles of the eguation, but other
foctors influence the eventual resclution of macromclecules.
In line with the 2quation the friction of molecules within
electrophoretic systems refleets, both molecular size and
shones Felecular shape is net very significant in small
molacules, in which honda are free to mwtate, so size alone
defincs their friction. ilewever, macremolecules often have
defined shares with specific axial ratios (i,e. length-
to-widths raticns) (Clark and Bwitzer, 1977). A4S » result,
hoth size and shape influence mipgration. Molecules with
high sxial rations &emonstrate less olectrophoretic mobility
than more spierical moelecules. that have equal weipght and
equal charge, In addition, macromclecules may deviate
from the basic electronhoretic principles of the equation
because of intersction with salt ions in their immeciate
environment or hecause of intermolecular charge-dependent
assccinaticns. The predictions of electrophoretic mobili-

ties for macromoleocules are complicated.
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decent investigetions heve utilized clectrophoretic
techniques to distinguish population subunits instead of
the identification methods by togeing, growth studies, c=nd
nunerous meristic and morphometric determinations (Weingtein

and Yerper, 1976 a, h).

2.5, YL LNG

e

The lens is an entirely epithelial structure. The
formation of the lens sterts from the embryonic stage of
develcopment, From the 5th week of develenment (13 mm) of
_ the human emhryo the lens continues to grow, cytolepically
isclated from its surroundings (Heyningen, 1962), & further
growth is the result of ccll divisien in the single layer
of epithelium at tht anterior surface of the lens, and the
subgeguent clongation of the daughter cells so produced;

The lens continues te¢ grow, throughout life, at &2
decreasing rate, the older cells losing their nuclei and
hecoming more and more compressed in the centre (or nucleuy)
of the lens, and fresh fibres heing continually added at
the porinrhery.

" Thus the lens has several unususl featufes (1) it is
cytologicaelly isolated from its surroundings &t an early
embryonic stage and therefore there is no interchange of
cells between the lens and its surrounding tissues., (2) It
contzins solely copithelial cells at all stapes of develop-~
ment, {3) Its growth never cecases and its weight increasgs
throughout life. |

Llthough consf&ntly dividing, the epithelium does not

normelly undergo necplastic change. Mapn (1947) has shown
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that 1t§ notural immunity to neoplasia is primerily asso-
ciaeted with its avasculority., sfter the degeneration of
the vasculer plexus surrounding the lens, which occurs
hefere or socn a2fter bhirth, the lens has no blood supply,
hut is surrcunded hy the agquecus and vitrecous humours from
which it must reccecive all its necds (deyningen, 1962).

The function of the ccular lens is to Pefract incident
light in order to focus images on the retina., The soluble
lens proteins which include alpha, heta, and gamma cryg-
tallins, comprise over SC % of the dry weight of the lens
(Zigler and Sicdbury, 1574). The function of the lens
crystallins is to nroduce o maetrix which is fully trans—
parent to vigihle light and which romains sco during lens
accommocdotion, It seems likely that preeiscly ordered
interactions ameng the various lens proteins would be
recuired to produce such a2 system,

The lens is largely composed of proteins in extremely
high concentrations (Manski et al, 1964; Yamada, 1966;
Smith ond Goldstein, 1967; Smith, 19803), These proteins
have been divided into two groups, saline-soluble (crys-
tallincs) and insoluble (2lbuminoids). The erystellines
have becen senarated intc three main electrophoretic families,
alpha, heta, and gamm2 in order of decreasing mobilities
fManski ct 2l, 1964), Lach of these proteins constitute
o fomily of similar, bdut not identical proteins (Heyningen,
1962; Zigler and Sicdhury, 1974). [Irotein with alpha crys-y
tallin characteristics has been found in all vertebrete

srecies studied and has come to bhe regerded as & classical
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orpan-specific proﬁein. The snecies specificity of the e&e
lens protein pattern has bDeen reparded as derending on heta
and pgamne crystallins., These proteinsg are very useful in
the taxonowmy of fishes proevided the materisl is used as

soon as nessible after collection (O'Rourke, 1974).

- . ’
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CHAFTE: TAREE

3o METLRIeLS ol METUCOS

3.1, PFISH SFECIMLNS
FPishes for this electronhoretic study were obteined
from twe repions - Gomhe, beuchi State, end Jeria, Kaduna

Stete Tiz. 22. A. nurse, S. macrolepicdotus, S. schall and

all tiz Cichlilds were obtained from Zeria merket., The
rem2ining srecies were collacted from Gomhe and transported
to the lalorstory in cold “oxes (Coleman). FMeony collection
trija hal to he made because of the persistent powver failures
at this end vhen the work was in prorress.

The eipht of each fish wes tolken on & top loading
Mettler balance (model 12€C). The bocy depth (Legler et al,
1877) and hocdy width were measured using; vernier callipers
(7.M. Lrerver No. 202) while the standard length and total
lensth (Lagler et al, 1977) were obteined sepcrately for
each figh usins a2 measuring hoard constructed in the de-
partuznt.

The coefficient of concition K wes calculated by

Fresh weight x 100

(Standsrd length)®

The dete cohtained from lenpth-weight measurementsg
were then suhjected to stotistical analysis, FMembers of

the two gerera Lydérocynus and lLemichromis . ohtoained were

so few thot statisticel anclyses on their length-~weight
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datsa wasg not rossibdle,

3.2, @IS LIRS

Eye lenses were removed through e slit made in the
corneas of the fish species. The lensesg were placed in
dry plestic centeirers (FHILIP {47185 LINITED € 76160/9)
which were thon szaled and stored frozen until ready for
further processing.

hole nuclei from the lenses of &ll the fish species
were ohtained for cach fish hy dissecting away the ocuter
(cortical) lens layer (SBmith, 1983) after thawing. Both
nuclei of a fish were weighed on a Mettler halance (Type
H16 Cap. 80 ) end were ground in a container (as ahove)
using 2 plass rod. irotein extracts wvere prepared by
mecersting the nuclear material in a volume of 0.018g/di.
NaCl egual tc¢ ten times the wet weipht of the lens nuclei
(Smith, 1268). The lens extracts were swirled vigorously
at approximately the fourth, eifth, and sixteenth hours
during 22 howvrs exiraction at about 89C to remove salt
(8mith, 1568).

The exiracts were lightly centrifuge using Seckman
152 lFiercfuge (Maﬂe in U.S.4.), and the supernatant were
electrophoretically processed in duplicate according to
the method outline below:
3«3, E.UIFMLNE _

“HElvi 18 power sunply unit.aﬁd £lvi 70 electrophoresis
chamber (plate 1). Bample applicator and template (ilelena)

(plete 2). Micropipettes.
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pPlate I, Elvi 18 power supply unit and Elvi 70

electrophoresis ¢hamber.

pPlate 11, Sample applicator and template.
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3.4.' SUFFLY
Cellulose ecctote ramhrence - Celarsm 11,
Sede CTIIACLS .
-uffz2r: Serhitone "uff:r dE .08 G0 berbitone
ciium, C.15 D rhitone ens 10.0 ml. glycercl were dissoclved
Ailutad te 120 ml,

in Qigtilled mtor ond

Stoin fixntive sclution: 4 ¢ of ponceau S staein

—

digsclved in 1 litre of 5% trichloroacetic acid (T.C.i.).

Degtoirir- sclution 1: 5% glaciel acetic ecid,

o

esteining solution 2: sabsolute metheancl,

Clesrirg sclution: 2% ccetic ncid in methanol,

Scuipnertis, sunply, &and clemicals were nurchesed from
the follewing: Elvi AT rower sunzly urit and Zlvi 7C elece
tro-horetie chamher werae nurch~ged {rom elvi elettronica

e ¢chimic= ver lshoretcrio milaro, pizzag, cessre, 14, Tho
cellulose secizlc nemhro-re wes gu rlied by shendon scien-
tific irstranants Jdivision: vhile 21) chiemicels were pur-
chrsaC fron the Dritish drug houses (3DI) Ltd. leakcratory
chemicelg divisizn, foolae, &nslard, The micropirettes

were surce:mged {rom Seec'man/Spince Division, Falo-alto,

Californic, U,lei,
Be€e Foil i3 T ZLISTHCFESIO

Cefcre anrlying the semrle epto the cellulosc acetsate
mem:rence, the follovring procecures were followed:
Foerhreres were cut irte 12 om strips, the centre of ench
nerked with nencil (I3) for rwferenée. The neme eand sex
or cime cf the figh »hcse 2ys lenses extract wzs to he

usel vere written ot the cathodic‘(negttive) end of the
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strip with the ﬁencil.

The memhrances were then placed to scak for at least
10 minutes ip the borhital huffer. The strips were Jdrawn
frem the huffer sclution in which they had heen plunged
ang assembled on the supporting bridge complying with the
reference nctches. {(The supnorting wridge is found in the
electrevhoretic chiember). Twe glass bars were usced to
streteh out and block the strips together with two paper
wicks onto the frame, Each of the wicks is found on either
sice ¢f the frame ard is iong enough to touch the base of
the chambder (Fig. 24) when the supporting bridge is kept
in place. Excess buffer on the strips wes dried with what-
man No. 1 filter paper.

400 ml of the »uffer was poured into the chamber. The
chamber was then inclined by lifting it frem a short side
in corcer that the huffer pgeing boyond the middle sector,
equilibrates hydraulically (Elvi 70 menual). Finally the
suprorting "ridge, with the cellulose acetate mthrane
strips and narer wicks assembled, was placed inte the
chamher ready for samplec application.

The aye lens nuclel protein extrect was taken up
using a micropinette and place in 8 groove in the template,
The templete allowed for 2ither the drawing of the sample
or the exact positioning of the applicetor, with regards
to the strips. Using the applicator the extract was taken
from the template and placed in the centre of the strip.
The tenk cover was then put in place by eliding it from

the right to the left.
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Fig. 23.

Electrophoretic chamber with cellulosg acetate

papers and wicks in place,

j
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The power supply jacks were inserted into the chamber
plugs, blocking the cover, The power sunply unit was
ewvitehed oh and adjusted te 350 volts for 20 minutes,
ifter the migration time was elspse, the power supply was
switched off, the power supply cable Cdisconnected, and the
cover taken off., The strips were placed immediately into
the stein fixetive scluticon for at leesst 10 minutes after
which time they were washed one by one in 5% glacial acctic
acid. They were then rinsed twice in absclute methanol and
dipped for 1 minute in the clearing seolution, The wet strips
were nleced immediately on a piece of white cardéhoard, and
carefully smoothed to remove wrinkles and air hubbles,
The cerdbcard was sufficiently thick (for cxemple; approxi-
mately 1 mm) so as not to curl during the drying process
at ambient temperature.

The hané patterns obtained on the strips wera fiugally

photographed.
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CHLFTLE FPOUR

44 RESULTS

4a1e PHYSICLL FARMEDTELG TN TeaXCHCMY

Faysical parameter have been investigated to proavide
information on taxononmic differences in the species of fish
used in this study. OSpecies means_for fresh weipght, total
length, standard length, body denth, and body width ere
shown in T&BLES3 I, 11, and III respectively for the three
genera under investigation. ' _

The relationships that exist between length and weight
have also been investigated tc provide additional informa-
tion on taxonomic differences in the species of fish used
in this study. Olopes of the repgression lines obtained |
as a result of plots of length against length, length
against weight or weight epainst length also provided in-
formation in this gtudy. OSpecies regression lines are
shown in Fig. 39 throurh 47.

Length-weipht relationships cen he represented in the
form of the condition factor, ¥, The condition factor

was also a very useful scurce of texonomic information.
4.1.1., ALESTRES SPLCIES
tmeng the six species of Llestes investigated in

this study, L. brevis and 4. mécrolepidotus hed the

greatest dimensions as fer as the physical parameters
were concerncd. 7The unknown species (ilestes "X")
appeared teo bo the smallest of the six .Alesicve specics

(Ti3LE 1),
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$.1.1.1, EALESTES brevis

The maximum tota] length ebgerved in 4. Drevis was
1¢.7 cm and the smellest specimen measured 14.0 cm with
a range of 5,7 com, The mean total length was 17.4 com
while the median and mean deviation were 16.0 cm end 1,6
cm resnectively.

Le brevis showed a moximum stanﬁardllength of 16.0 cm
and.a minimum value of 11.1 cm with a range of 4.9 cm from
the observationsmade; The mean standard lenpgth wes 13,9 cm
while the median and mean deviation were 14.5 cm and 1,3 em
respectively. |

The maximum bhody <denth ohserved in 4. brevis was 4.3
cm end the smallest specimen measured 3.3 om with a range
of 1.0 cm. The mean hody Qenth was 4.0 cm while the medich
and mean deviation were 4.2 em and 0.3 cm respectively. 2

2.5 cm and 1.6 cm were the observed values for maximum
and minimum widths respectively in A. brevis., 4 range of
0.9-9m was shown here. The mean Lody width of this species
was 2.0 cm with & median and mean deviation of 1.9 cm and
0.25 cm respectively.

The maximum hody weight ohserved in A. hrevis was 80 ¢
and the smallest svecimen had & weight of 31.8 g with &
range of 48.3 ¢ while the median and mean deviation were

99.92 p and 13.9 iz respectively.

Gelale2y ALLITES BiiiidMCS

A, barcnose showed 8 maximum total length of 16.5 cm
and a minimum value ¢of 10,8 cm with & ranre of 5,7 cm from

the measurements macde., The mean total length was 12,8 cm
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while the median and mean deviatién were 12,2 cm and 1,4 em
respectively.

In this srecies the moximum standard 1eng£h observeﬁ
was 12.2 cm and the smallest specimen measured 8.2 cm,

The mean standard length, median and mean deviation were
9.6 cm, €.1 em and 1,0 cm respectively.

The maximum holly depth and th2 hody depth of the
smellest srecimon were 3.5 cm and 1.7 cm respectively. The
mean bhoedy denth, median and mean deviation were 2,2 cm,

2.0 cm and 0.4 cm resnrectively.

fia baremose hed n maximum body width of 1.2 cm and
the smallest specimen meesured 0.6 cm with a range of Q.6
cm, The mean bedy width was (0.8 cm while the median and
the mean de?intion wore (0.8 and 0.2 respectively

The maximum body weight of 4, haremose was 18.5 g
while tho smallest specimen meoasured weighed 6.1 g giving
a ronge of 12.4 g, The mean bheody veight, median and mean

deviztion were 9.8 g, 7.8 ¢ and 3.2 g respectively.

d¢.1,1.3, ALESTES MACRCLYF IBCTUS

The ohserved maximum total length in 4. macrolepidotus

wvog 25.2 cm and the smallest specimen measured 13.2 cm with
a range of 12,0 cm. The observed mean total length was
17.7 cm while the medion and mean devintion were 16.6 cm
and 3.3 c¢m respectively.

The maximum standurd length observed in 4, macrolepi-
dotus was 19.5 cm and the smallest specimen measured 10,3
cm with a range of 2.2 c¢m. The chserved mean standard

length, median, nnd mean devietion were 13.5 cm, 12,3 cm
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and 2,6 cm respectively.

In this ssecies, the maximum body depth ohserved was
$.7 cm while the minimum was 3.3 cm with o rnﬁge of 2.4 cm,
The observed mean Genth, median and mean deviation were,
4.1 em, 4.0 cm and 0.4 cm raspectively.

The meximur and minimum body width obasebved in the

A, macrelepidotus specimens studied were 11.0 cm and 1,8 cm

resnectively with & ranfe of 10.2 cm. The observed mean
width, medisan ond mean devietion were 2.9 cm, 2.1 cm, and
1.5 cm respectively.

- This species hod 2 moxinum body weight of 126.2 g end
the smzllest specimen measured 17.0 g with 2 renge of 109.2
g. The mean body weight, median and mean deviation were

48,8 em, 33.3 cm and 29.5 cm respectively.

h.1.1.4, ALLESTES LEUCISCUS

The moximum ttotal length observed in A, leusiscus
vas 11,7 em and the smallest.specimen measured 8,3 cem with
o range of 2.9 em. The mean, median and meen devietion
values obhserved were- 16,2 cm, 10.1 cm and 0,0 ¢m respectively.

- The specimens used showed i. leuciscus had a maximum

standard length of 9.2 cm and a minimum value of 6.4 cm J
while the ronge wns 2,0 cm, The mean, median and mean devia-
tion values were $.1 cmy, 5.2 cm and 0.8 cm respectively for
this species.

The maximum bedy depth observed in 4. leuciscus was
3.0 em ond the smollest srecimen measured 1.9 cm in this
respect. The range cbserved wns 1.1 em, Yhe memn depth

wags 2.5 cm while the median a2nd mean deviation were 2.4 cm
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and 0,3 cm respcctively.

1.4 em and 0. cm werc the observed values for maximum
an? minimum boCy width resncctively in this snecies, while
the ronge vas 0,6 eme The mean width was 1.i. cm while
the meldian and meen deviation were 1.0 cm and 0.2 cm res-
prectively.

The maximum 2nd minimum body weight of 20.6 g and 5.7 g
respectively were observed with 2 range of 14.9 g in A.
leuciscus. The mean, median and mean deviation were 12.8 g,

11.0 g and 4.1 g respectively.

4,1.1.5, KLESTES A"

Onecimens studied showed 2 maximum total length value
of 2.7 cm and & minimum volue of 7.2 cm with & range of 2.5
cm. Th2 mean totnal length, median 2nd mean deviation were
0.9 emy, 9.3 cm and C.7 cm respectively,

The observed maximum ond minimum stondord lengths were
7.5 em ond 5.0 em respectively, with a range of 1.C em, The
mean, median and mesan deviotion values were 7,0 em, 7.2 cm
and C.9 cm resnectively,

2.7 cm and 1.0 cm vere the maximum and minimum body
depth respectively, with a range of 0.9 em. The mean denth,
medinn and mean deviation were 2.3 cm, 2.3 cm and 0.2 cm
resrectively.

The maximum hody width in Alestes "X" was 1.1 cm and
the sm=llest snecimen measured 0.7 cm with a range of 0.4 cg
The mean width was 0.9 em while the median and mern deviation
were GC.2 cm and 0.1 cm respectively.

The maximum hody weight cohserved was 11.4 g and a minimum
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of 3.0 ¢ wes seens The ranpge observed was 7.8 g. The
mexn, madizn and mean deviation values were B.2 gy 9 g and

2.0 g resuectively.

4,1.1.6. LALESTES HULOEL

L. purse showed a maximum tctal length of 15.2 cm and
the smallest snecimen measured £.7 cm with o range of 6.5 cm,
The mean total length wos 11.1 cm while the median &nd mean
Jeviation were 10.3 cm and 2.4 cm resnectively,

The maximum standard length observed in 4. nurse wes
12.4 cm and thce minimum was $.7 cm with a range of 5.7 cm,
The mean value for this parameter was 0,8 em while the medion
and mean Geviation were .1 and 2.1 resvectively,

In body denth, the maximum and minimum values observed
were 4.1 cm and 1.9 cm respectively with a range of 2.2.Fm. W
The mean, median and mean deviation values here were 2.0 cm,
2.5 cm, and 0.7 cm resrectively. o |

In terms of boldy width, the maximum and minimum values
observed for L. nurse were 2.1 cm and 1.0 em respectively
with & rapge of 1.1 cm. The mean, median and mean deviation
values were 1.4 ¢m, 1.3 cm and 0.4 cm respectively.

The meximum an? minimum weights ohserved were 39.1 g
and €.6 g respectively with a range of 32.5 g, The mean,
nedian end mear deviation velues ohserved were 17.5 g, 12.2 g2
and 10.% p resrectively.

4o1.127. FAYBICLL FuricPalTERS CF ALISTES SiECIZS

i shown in To3LE I esnd summarized in Fipures 24 to

20 t he mean valucs for the physical paremeters of A, brevis

and L. macrolepidotus were higher than those of the other
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Tzble I,

Fhysical paramcters ¢f 6 species

f Alestes.

deasurcaent

——— % & -

Alestes

barem.sc

- — —

Fresh woi it (gm)

T (cm,
3L (cm,
sudy lept (cm)
dody wiltia (cm)

B 8 o ——

9.807 + 1.074

12.786 + 0,452
9.636 + 0,333
2.236 + 0,133
0.821 + 0,053

28

Alestes

brevis

Alestes

58.3 + 4,931
17.35510.574
13.873+0.482
3,964+0,116
1.973+0,092

22

17« 65 = 15133
13.475 + 0.880
4,108 + 0.178
2.917 + 0.798
”
24

Alestcs Alestes Alestes
leucisus species nurse
10,209 » 0,278 8.924 + 0,180 11. 1 * 0,500
8.144 + 0,292 6.962 + 0,120 8. 8 + 0,438
2.467 + 0,089 2,290 # 0,059 2. 75 * 0,157
1,089 + 0,059 0,914 + 0,029 1. 4 *0.080
18 42 33
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species in this genus. The "X" species had the lowest values,
The mean values for fresh weight in this genus indicated
that &. hrevis was the heoviest., This was followed by A.

maerclenidotus which was followed by 4. nurse (Fig, 24).

The mesn fresh weight of 4. leuciscus followed the above
and this species was followed by a&. baremose. The unknown
species - hAlcgtes "A" appesred to he the lightest.

Fig. &5 showed that L. mécrolepidotus had the greatest

totél lenpth, This was followed very closely hy 4. brevis
which wes followed hy i. baremose. *he mean total length
of i. nurse ceme next which was followed by that of 4,

leuvciscus. Alestes "M had the least value of mean total

length.
The mean standard length values, (Fig. 26), indicated

in thig study that i. brevis was longer then 4. macrolepidotus

which was lcengzer than L. beremese., This species was followed
by Lo nurse which was longer than 4. leucigscus. The shortest
in terms of standard length in this penus was Llestes "X".

Fig. 27 indicated that 4. macroleridotus was deeper

than i. brevis which was deeper than 4. purse. The next

specics was i. leuciscus which wes deeper than 4. heremose.

ilestes "LV Eame last with the lowest value in body depth.
The mean values for hody width (Fig, 26) indicated

that L. macrolenidotus was the widest of all the iLlestes

species under investigation. This was fellewed in mean
body width value hy L. Brevis which was followed by 4.
leuciscus, L. nurse and ilestes "A" came next with the

legst value shown by a. barcmose.
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4e1a2s BYNCLCLTID SPECICS

Cf the five specios of Synodontis investigated in this

study, 5. clarias had the greatest dimensions as far as
thz physical parameteré wera concerned, vhile S. filamentosis

appeared to be the smallest.

Gelaadl, OSYNCLANTIO CLALKILS

The maximum total length observed ih this species was.
19.2 cm ancd the smallest specimen measured 16.9 cm with a
range of 2.3 em. The mean totel length was 18.1 cm while
the median and mean Jdeviaticn were 18.2 eom and 0,7 o res-
pectively.

S. clarias showed a mMaximum stancard length of 14.0 em
and a minimum value of 12 cm with a range of 2 cma. The mean
standard lenpth was 12.6 cm while the median and mean devia-
tion Qere 12.5 em and 0.4 cm respectively. o

3.C cm and 3.3 em were the ohserved valueé for maximum
and minimum bedy depth resnectively in 5, clarias with a
rénge of 0.5 cm. The mean depth, median and mean deviation
were 3.3 cm, 3.6 cm and G,2 cm respectively,

The maximum and minimum observed bedy width values
here were 2.7 cm and 2.4 cm with a range of 0.3 em, The
mean hody width was 2,6 cm while the median and mean devia-
ticn were 2,6 cm and 0.1 cm respectivély. .

The observed maximum weight of 8, clarias was 65 g end
the smallest specimen weighed 40.¢ g, the renge being 24.1 ge.
Mean body weight, medien and mean deviation were 50.7 g,

51.1 g and 5 g respectively.,
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4.1.2.2.I SYMCILNTIS Baf@ﬂSQDa

The maximum and miniﬁum ochserved tctal lenpth were
17.1 cm e 11.9 com resnectively with a range of 5.2 cm.

The mean total length, median andd mean deviation were 14,0 cm,
12.3 cm end 2.2 cm respectively.

Se hatenscda showed 2 maxinum standard length of 12.5 cm
and @ ninimum valuce of $.4 om with & range of 3.1 cm. The
mesn standard length wes 10.7 com vhile the median and mean
deviation were 9.6 em 2nd 1,4 cm respectively.

The hody depth was ohscorved to have a maximum value of
3.9 cm and & minimum value of 2.7 ¢m with a range of 1.2 cm,
The mean, median and mean deviaticn values were 3.2 om,

2.6 cm and 0,5 cm respectively for §. batenscda.

The maximum body width cbserved in this sgecies.was
3.2 cm anl the smellest snecimen measured 2.3 ¢m with a range
of 0,9 ecm, The mean denth was 2,7 cm vhile the median end
mean Ceviation were 2.4 cm and 0.3 cm respectively.

5. batensoda showed a maximum hody weight of 67.80 g end
the smallest srecimen weighed 30.4 g with a range of 37.4 g,
Mean weight, median and mean deviation velues were 45.4 gy

32.0 g and 16,6 g respectively.

4,1.2,3. OGYNCLCHTIS FILLILEMTO SIS

The meximum total lengsth observed in S, filementosis

was 16.0 cm and the smallest specimen measured 11,7 cm with
a renge of 7.3 em. The mean total lenpth was 14.9 cm while
the median angd mean devistion were 13.9 cm and 2,6 cm ress

pectively.

" 8. filamentosis showed a maximum standerd length of
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.14.9 et and 2 minimum value of 8.5 cm with a range of 6.4 cm,
The mean stondard length, median ant. wmean deviation were
11,3 cm, 10.5 em, and 2.0 cm resnectively.

3.0 cm and 1.4 cm were the cohserved values for maximum
and minimam hody denth respectively with & range of 1.5 cms
The mean depth, median and ﬁean Jeviation were 2,1 cmy 1.9 em
and 0.5 cm respectively.

The maximum and minimum ohserved body widths valucs
were 2,5 cm and 1,4 cm with & renge of 1.1 cm, Mean hedy
width, medicn end mean deviation were 1.9 em, 1.0 cm and
0.5 em resnectively.

8. filementosis showed a maximum body weight of 51 g

anad tho smallest specimen weighed 6.5 g with 8 ranpe of
14.5 7o The mean hedy welpht was 27,5 g while the median and

mean Jevistion were 18.0 g and 16.7 g respectively.

4.1.2.4. SBYNCGLLNTIHN SURrTLeUS

The maximum totzl lenpth value ohserved in this specieg
wbs 13.9 cm and the smallest srecimen measured 11.5 cm with
a renge ¢of 2.1 cm. The meon total length was 12,8 c¢m while
the.median and mean deviation were 12.8 cm and 0.4 cm res-
pectively.

S. cupterus shewed a maximum standard length of 11 em
and a minimum value of 9 cm with a ranpe of 2 cm, The mean
stanlard length, median and mean deviation were 10,0 cm,
2,9 em ond 0.1 cm respectively.

3.2 cm and 2.5 cm werc the observed values for maximum
and minimum body depth respectively with a ranpge of G.7 cmy

The mean depth, median end mean deviation were 2,8 cm, 2.7 em
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end C,2 cm respectivaly.

The moximum and minimum observed hody width were 2.0 cm
and 2.2 cm respectively with a range of 0.6 cm. The mean
boly width was 2.4 cm while the median and mesn deviation were
2.4 em and C.1 cm respectively.

The observed maximum weight of S. cupterus was 44.0 g
and the smallest swocimen weighed 21.6 g3 the renge heling
22,4 g« PFean body weight, median and mean deviation were

26.3 5, 0.1 p and 3.9 g respectively.

delePeSe SYNCLUNTIS BCnLL

The meximum tot~l elngth observed in $. schall was
19,7 cm 2and the smallest specimen messured 12,4 cm with 2
renge of 7.3 cm., The mzen total length was 15.4 em while
the medien and mean deviation were 15.0 em and 1.5 cm res-~
pectivaely.

6. schall showed & maximum standard length of 13.3 cm

and a minimum velue of 9.0 em with a range of 4.3 cm. The
mean standard length, median and mesn deviation were 11.0 cm,
11.2 cm and 1.0 cm respectively.

FKaximum boly depth value observed in 3. schall was
3.6 em nind the smellest specimen measured 2.6 em with a range
of 1.G em. The mean depth, median and mean devistion were
3.2 enty, C.1 cm end 0.3 em resrectively,

3.3 em and 2.0 cm were the observed values for maximum
and minimum bHody width resrectively in §, schall., 4 renge
of 1.5 em was shown here. The mean hody width of this sneecies
was 2.0 cm while the median and the mean deviation values

were 2,7 ¢m and 0.4 cm reszectively.
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The maximum body weight ohsgerved in S. schall was 7C.1 g
and the smallest specimen weight 10.9 g with a range of 50.2 p.
The mean body weipght was 38.7 5 while the median and meen de-

viation were 34,5 r and 11,7 g resrectively.

4e1.2,6, ITHYSICAL FipuwlBTTRS CF SYHCLUNTIS SiiCIles

L8 shown in TL3LE I1 sand summarized in Figures 29
throupgh 33 5. clorias had the highest mean values for the

physical parameters, while S. filcmenticsis had the lowest

values, generally srerking.

Fig. 29 indicated that 3. clarias was the heaviest
speciss in this genus. It was followed hy S. hotensoda in
terms of weipht, which was followed by 3. schall. S. euptegus

followed next with 5. filamentcsis coming last.

In totnl length (Fig. 30) §. clarias came first and it
wag followed by 5. schall which was followed by 3. filomend

togig. S. hotensoda followed 5. filamentosis with 5. gupterus

showing the least value in mean totel length,
The meen values for stondard length in this gepus indi-
cated that 5. clerins wns the longest (Fig. 31). This was

fellowed by 8. filomentcsis which was followed by 8. schell,

8. batenscde followed S. schell while §. eupterus hed the
lowest velue for standerd length.

Mean hody depth values (Fig. 32) showed that 8. claries
" was the deepest. This was followed by §. schall which was
followed hy 5. batensodn. B. eupterugs came next followed by

5. filamentosis.

Fig. 33 indicnted that S. schall had the greatest width,

followed by 8, batensoda which was followed by S, clarias,
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Tablc 1l1, Physical parameters «f 5 species f Syncdcntis

Measurencnts Syn..l-.ntis Syn.2 ntis Syncdentis syncdontis

(Mecnr < S.bhg) clarias batenscda filamentcsis cupterus schall

Freoo weight (gm) 50, 7 # 2,161 45.35 = 5.497 27.47 + 5.651 29.277 * 1.552 38. 7 x 4.096
TL (cm, 18,08 + 0,261 14, 0 + 0.725 14,92 + 0.902 12,762 + 0,149 15.385 + 0.589
SL (cm, 12. € + 0,187 10.68 *+ 0.470 1. 3 x 0.712 9.970 + 0,153 1. 0 x 0.387
Boouy <epth (cm) 3.52 + 0,063 3. 2 x 0,173 2,13 + 0,185 2.777 * 0,055 54185 # 0,092
Body +ilth (cm) 2.57 = 0,029 2.67 + 0.116 1.87 + 0,121 2,377 x 0,042 2.841 + 0,127
Speeinens (n) 20 20 20 26 26
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5. eupterus came next fcollowed hy S. filamentosis.

4 ™ 1 - 3. E‘IU-F IJ'.. 3] .L‘.l'\: I:S
rmeong the three s.ecies of Tilapia investipgated in this

study, T. zilli had the grestest dimensions as far as the

physical rarameters were concerned, This is followed hy

T, palilene #nd then T, rilotica,

4,1.3.1, TILACIL W LIL.LE

The maximum total length ohserved in T. galileae was
17.0 cm and the smallest srecimen measured £.1 cm with a
range of 2.7 cm. The menn tetal length was 13.4 cm while
the median and mean deviation were 13.5 em and 2,1 cm res-
pectively.

T. gnlileae showed a maximum stopdard lensth of 14.3 cu
and 9 minimum value cof 6.0 cm with 2 range of 8.3 cm. The
mean stondard length was 10.2 em while the median and mean
devinticn vere 10.2 cm and 1.7 cm respcctively.

The maximum “ody cepth ebserved in T. golileae was
7.2 cm o2nd the smollest srecimen measured 2.1 cm with e
ranre of 5.1 cm. The meon boldy depth was 4,9 cm vhile the
median and mean deviaticn wvere 4.8 em and 1.0 cm respective 'y,

4,0 em ond 1.4 em were the observed volues for maximum
and mininmum widths respectively of T, gelileae. & renge of
2.6 cm wos shown here. The mean bedy width of this species
vag 2.4 em while the median and mern deviatien were 2.2 cm
end 0,5 cm respectively.

The maximum hoty weipht recorded was 114.6 g and the
smnllest srecimen weighed 18.9 g giving a range of 95.7 g.

The mean boedy weipht was 53.2  while the medien and mean

../83 eee
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deviation were 45,1 g and 21,9 ¢ respectively.

1¢1,3,2, TibLiFii NILCTYICA

T, nilotica showed & maximum total }éngth of 21.7 cm
and & minimom vilue of 6.7 cm (giving a renge of 15.0 em,
The mean titnl length was 13.5 cm while the median and mean
ceviation were 12,9 cm and 2.7 cm respectivoly.

The maximum stenderd length of Y, nilotica wos 17,0 cm
onc the smallest gnocimen mensured 1,9 em with a renge of
i5.1 em. The meon standard length wes 10.3 cm while the
median and mean doviation were 9.7 cm and 2.3 cm resrectively.

This species showed & maximum body derth of 7,7 cm and
a2 minimum denth volue of 1.9 cem giving & range of 5.8 cm,.
The mesn body depth was 4.4 cm while the median and mean
Jdeviotion were 4.0 cm endl 1.0 cm resnectively.

4.4 cm and 1,0 ¢m were the ohserved values for maximum
and minimum body width respectively of T. nilotiea. The
mean hody width was 2.5 cm while the median and mean devia-
tion wore 2.2 cm and C.6 cm respectively.

The maximum hody weight observed for this specices was
140.1 g and the minimum weight recorded was 4.3 gy giving
g renge cf 135.8 g,  The mean hody weipght was 47.5 g while
the median and mean devietion werce 33.5 g and 30,0 g res-

pectively.

4.1.3.3. TILLFI. 2ILLI

T. nzilli showed & meximum total length of 1%.6 cm
and a minimum velue of ths some roara eter of 7.1 cm giwing

a penge of 12,5 cm, The menn totzl length was 14.1 cm

.DXBB - & 8
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while the mecdian and mean Jdeviation were 14.4 cm and 2,9 cm
respectively,

e moximum stondard length of T, zilli was 15.5 cm
and the smzllest svecimen measured 5.5 cm giving a range of
9.2 em. The msan standerd length was 11,0 cm while the
medior and the mean deviotion were 11,2 cm and 2,4 cm res-
rectively.,

.7 cm and 2.0 em were the observed values for maximum
and minimum body depths respectively, of T, zilli with a
renpe of 2,9 eme  the mesn''ody Cderth, medicn 2nd mean devias
tion were 4.7 cm, 4.7 cm and C.2 cm respectivelye.

The maximum sind minimum %ccy width of T. zilli ohserver
were 3.4 em and 1.9 cm respectively, giving o range of 145 cm.
The mean bedy width was 2.4 cm vhile the median and mean de-
viation werc 2.4 cm =2n? 0.3 cm resnectively.

T

The maximum bHody weight of T, zilli was 130.4 g and

i
—

the smallest snhecimen weighed 10.6 5 with 2 range of 119.€ .
The mcon Soly weight was §57.2 g while the median and mean

deviation were 53 ¢ and 28,1 g respectively.

4e1.3.4, FAYSICLL FiliuNMUTELS (F TILLEIL SFECIES
£s shown in T:8LL III and summorized in FIGUWES 34
throug™ 30 the meon values for the physicol parameters of

T. zilli hacd the preatest dimensions, generally speakinge.

-3

he dimznsicns of T. galileane weré greaier.thun those of
T. nilotice,

The mean volues for fresh weipght in this genus indicated
thot T. zilli wes the heaviest (Fig. 34). This was followed

by T, palileae which was followed hy T. nilotica., T. zilli
y.._ y- e ——
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Table II1I, Fhysical paremeters of 3 specivs :f Tilupia

Measurenents Tilapia Tilapia Tilapia

(Mean + S.E.) nilctica 2zilli

Fresh woignt (g) 53.165 + 3.565 47,526 + 4,304 57.182 + 5,665
T.L. \cm, 13.365 + 0.341 13.495 + 0,442 14, 1 + 0.589
S.Ll. (cm) 10.235 + 0,281 10,305 + 0,381 10.982 + 0.458
body <cpth (cm) 4,902 + 0.172 4.365 * 0.16C L.671 + 0.172
Bedy width (cm) 2.415 + 0.091 2.471 + 0,095 2,441 + 0,067
Specimen (n) u 85 »




90

vas longer in total length (Fig. 35) and standardlienéth
(Fig. 36) than T. niloticn which was longer in hoth the
paremetors than 7, palilene.

Mean body depth velues (Fipg. 37) showed that E3 galilea~
wos deeper than T, zilli which was in turn deeper than T,
nilotica. The holy width menn vulues (Fig. 385 for T. niloti &
was greater than thet of L. zilli, which was‘greater than

that of T. gelileae.

4,2, LEWGTH - "BIGIT LsLiTICGHSIIFS sNU TLAONCMY

The relative growih of one fish compared to that of
another can he measured by taking length-weight measurements.
Repressicn coefficients (T«3LES IV, V and YII) ohtained
hy regressing length ageinst length, length against weight
and weipht against length can be used to show differences
hetween fish species. Differences hetween specices can also
he shcown My the sleopes of the plot of length against weight
or vice versa (Fig. 39-47).
4.2.1. ALISTES 5OUCIES
4e24lete TLTLL LENCGTI VS BTN LENGTH

Fife 3¢ shows the regression lines obtained when
total lemngths were p;otted sgainst standard lengths for
memmers of the penus ilestesy, The slopes of the lines
were 1.387, 1.102, 1.275, 0.00%, 1.414 and 1.141 respec-

tively for h. boremnse, &. brevis, &. macrolepidotus, 4.

leuciscus, alesios ¥4" and 4. nurse. Their cocfficients

. of correclation, R, values were 0.878,-0.993, 0.920, 0.830,

0.050 and 0,899 respectively. £11 these correlations were

ee/ 91 ...



A

"I

1es

Spe

—4

L8 4
40 -

B4

sear11e2 °J



TOTAL LENGTH (cm)

92

164

T T l
1 1

12

10 1

8 -

£ -

L «

2 -
L 4] 41
w (8]
Q oy
r~ + b
- (o} —
~ L —
@ o =
taf = o]
L] - L]
] = |

Fige 3D ean totol length in Tilzpia

cpecies + LB,



LENGTH (cm)

STANDARD

13

12 =
1 T 1
10 + ] 1
8.
6-
L' -
2 u
@ i
W Q
Q =
— +2 o~
- o —
| =t ~
o o o
o N
el el el
Fig. 36, Mean standard length in Tilania

species + 5,8,




(cm)

 BODY BEPTH

5 I
| I
. i
1Y
tl_v
34
2-
1 =
[ 1] (1]
o O
'Y -~
~ $ e
vy o] —
¢ . z
3] o N
el £l &
FPig. 37.

7%

Mean body depth in Ililapia species

+

S.k,



BODY WIDIH {(cm)

95

alileae
T. nilotica
zilli

T.
1.

Fig., 3%. liean body width of Yilapia

species + ULE,



96

significant at r £ 0.001 (T..3L& 1V).
4a2,%a2. S3TLNLLED LERGTH VS 30LDY TRIGHET

- The relatzonship hetwaeen the standard lengths and hody
weichts of Llestes species are shown in Yip, 40. The slones
of the lines were 5.824, 2.783, 0,183, 4,383, 3.75 and 5.392

resrectively for s. horomose, L. bhrevis, L. macrolepidotus,

4, lcuciscus, ilestes “"K" and ., nurse. Their R values

were 0.920, 0.437, 0.13%, 0.091,; 0.£06 and 0.916 respectively.
There were no sipnificent relationships botween the standard

length and boedy weight in 4. macrolepidotus. The correlation

in this svecies was not significant (°3 0.05). "R" was sig-

nificant in the other species at F C,001 (TuBLE IV).

4,2.1,3, BCLY GBIGET VS TP L LENGTH

Gtatistically sipgnificant rélationships existed between
the oy weipghts and total lengths of members of the genus
rlestes (FPig. 41)e The slones of the regression lines in
descehding order were 0.211 for 4o leuciscus, 0,138 for 4.

nurse, 0.139 fer slestes "XY, 0.122 for w. macrolgepidotus,

G.108 for i. boremose an? C.07?7 for &. brevis. Their cor-
relation coefficient values were 0.500, 0.9465, 0,874, 0,173,
0,900 and 2.482 respectively. The correlation coefficient

in L. mocrolenidetus was not significant (P» 0.05). "k"

was sipnificant in the other species at "¢ 0.001 (Ti3LE I¥)

1.2.2, SYNCDINTIS 5. E2CIES

AaPie?els TOT:L LENGTH VS SThNULED LENGTH
The regression lines for the plots of total lenyths

agrinst standerd lengths for Syncdentis species are shown

no/97 LA
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TABLE 1V, REGRESSION EQUATIONof 6 species of Alestes
Regression Equations Signiiicance

R P

Alestes baremosc

TL =-0,004 + (1,327 x SL) 0,878 £ 0,001
SL = 4,852 + (5.824 x BW) 0,920 &£ 0,001
BW =-0,518 + (0,105 x TL) 0.900 &£ 0.001
Alestes brevis

TL = 0.952 + (1.182 x SL) 0,993 Z 0,001
SL = 9.368 + (2,283 x BW) 0,437 £ 0,001
BW = 0.629 + (0,077 x TL) 0,482 < 0.001
Alestes macreloenidotus

TL = UL.464 + (1.275 x SL) 0.990 < 0.001
SL =13,921 + (~0,153 x BW) 0.139  * 0.09
BW = 5,069 + (~0,122 x TL) 0.173  » 0.08
Alestes leucisc''s

TL = 3,078 + (0.885 x SL) 0.829 < 0.001
SL = 3,372 + (4,383 x BW) 0.891 £ 0.001
BW =-1.081 + (0,211 x TL) 0.988 & 0.001

Alestecs specics

TL =-0,918 + (1,413 x SL 0.850 < 0.001
SL = 3,533 + (3, 75 x BW) 0,886 & 0,001
BW =-0,323 + (0,139 x TL) 0,874 < 0,001
A}estes nurse

TL = 1,060 + (1,141 x SL) 0.899 < 0,001
SL = 1.251 + (5.392 x BW) 0,916 < 0,001

BW =-0,352 + (0.158 x TL) 0,985 £ 0,001
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in #ig. 42. The slopes of the lines shown ascending order

were 0,907 for 5. eupterus, 1.070 for 8. clarias, 1,259

for 3. filament sis, 1.41 for S. schall and 1,539 for 8.

batensnda. Their i velues were 0.772, 0,994, 0.926 and
0.857 res ectively. ill the correlations werce statistica- |

11y significant (P4 0.001).

4.2.2.2. BTLNDLD LuNGTH V8 KDY WislGiHT. (FIf. 43)

The existence of statistically sipnificent relation~
ships wag shewn hy the nlot of standard length apeinst
hody weight for Synodontis Opecies, The slopes of the lines

were 4,074, 3.984, 5.024, 2.29¢9 and 2,139 respectively for

8. clarias, 5. betenscda, 5. filamentosis, S. cupterus and

S. schall., Their "I" vealues were 0.636, 0.806, 0.993, 0,637

and 0.70 resrectively, The correlations of standard length
and bedy weight in 5. clarics and 5. eupterus were signifi-
cant at F&£ 0.003, In the othoer snecies of Syncdontis it '
was significant ot ' 0.00% (Ti3LE V).
4.2.2.3.. BCRY JEIGHT VB TCT«L LLNGTH

There were statistically significant relationships
between the hoedy weights and tetal length measurcements in

Synodontis srwecies (Fig. 44). The slepes of the regression

lines in ascending order were 0,080 for 8. clarias, 0.133

for 5. filamentosisg, 0.155 for 5. batenscda and 0,168 for

both S. eupterus and B. schall. The corrclation coefficient
values were 0,705, 0.85638, 0.909, C.€00 and (.782 respectively.

These corrcloations were sipnificent at » € 0.001 exceprt in

. > .

20748 4

5. euptcrus where it was significent at F{ 0.004,
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.....

< 0,001
£ 0,003
£ 0,001

£ 0,001
£ 0,001
£ 0,001

£ 0,001
< 0,001
£ 0,001

< 0,001
< 0,008
£ 0,004

£_ 0,001
<_ 0,001

TABLE V. ., REGRESSION EQUATION of Sync. antis
rpecies,
Regression Equation
R
Synodontis clapios
TL = 4,44% + (1,078 x SL) 0,772
SL = 2,130 + (4,074 x BW) 0.636
BW = 0,987 + (0,088 x TL) 0.785
synodontis batenscda
TL ==2.,441 + (1.539 x SL) 0.997
SL = 0,042 + (3.984 x BW) 0,586
BW = 0,453 + (0.158 x TL) 0.989
Synodontis filongatois
TL = 0.696 + (1.259 x SL) 0.99
SL = 0,408 + (5.824 x BW) 0.993
BW =-0,116 + (0,133 x TL) 0,988
2ynodontis euptcerug
TL = 3.717 + (0.907 x SL) 0.929
SL = 4,505 + (2,299 x BW) 0.627
BW = 0,238 + (0,168 x TL) 0,600
Synoduntis schall
TL =-0,127 + (1.410 x SL) 0,926
SL = 4,912 + (2.139 x BW) 0,701
BW = 0,256 + (0,168 x TL) 0,782

< 0,001
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AaPeds TILeFI 5IOLLS

Ge2edels TCTLL LuaNGTH Y8 OT0LMNo. iy LENGTH
figa. 45 shows the repgression lines for the mlots of
total length speinst standard length for Tilapie species.

The slores of the lineg arranged in -“escending order were

1,257, 1,200 and 1.071 respectively for T, zilli, T, niloticc

end T, galileae. Their i volues were 6,528, 0.924 and 0,995
res-ectively., 1he correlations were significant at ¥ { 0.001

(TLALE V1),

Gedadeds BTiNDLAD LNGTH VS BLLY VBIGAT

Tha regression lines for the plots of standard length
against hody weichts for memiers of the genus are shown in
Fig. 46, The slopes of the lines were 5.816 for T. gi&ii,'
3.621 for T. pilotica and 2,332 for 1. galileae,
Their & values were 0,002, 0,901 and 0.016 respectively.
The correlrtion in each case wes statistica&lly significapt

at ¥€0.001.

442.3.3, BOLY EIGHT V6 TCTLL LENGTH (Fig. 47).
Statistically significent relationships existed hetween.

the bedy weiphts and total lenpth of Tilapia species. The

sleones of the lines wers 0.214, C.7205 and 0.009% respectively

for T. galilese, T. nilotica and T, zilli, The correlation

coefficient values weore 0.207, C.253 and 0,813 respectively.
The X values were statistically significant (¥« 0.001).
4.3. PﬁYSIuLtGICLL AECBUITHESS LND Do wCNCEY

The coefficient of condition or the condition frctor

¥ (Lager, 1972) mensures the relative rohustness of fish

00/107 -
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A el e -

REGRESSION EQUATION

Tilapia

Regression Equation

S ———— 1 &

PO

Tilopia galileve

TL =

SL

]

1.007 + {(1.208

ho122 + (2,532
BW =-0.447 + (0.214

Iilapia nilutica

TL = 2.45ﬁ + (10071
SL = 1,358 + (3,621
BW =-0,292 + (0,205

Tilapia zilli

TL = 0,295 + (1.257
SL =~3,215 + (5.816
BW = 1,187 + (0,089

SL)
BW)
L)

SL)
BW}
TL)

SL)
BW)
TL)

107

of 3 snecies of
Significance
K P
0,995 £ 0,00
0,816 Z 0,001
0.807 « 0,001
0.924 < 0,001
0.901 < 0,001
e 953 < 0,001
0,998 < 0.001
0,807 £ 0,001
0.813 &£, 0.001

i,

T
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sﬁecies. The volues of K for the species studied were
given in T.3LZS VII, VIII and IX and ippendix I,

Species means for i, the conldition fzetor for Llestes
species were 1,056, for L. hrremose, 2.225 for A. brevis,

1.715 for :i. macrolepidotus, 2,413 for i. leuciscus, 2.713

for ilestes "X" and 2.23C for L. nurse ( TiadLL VII ).
For the Synodontis species the species means for K
were, 2.3C7 for 8. clariags, 3.5C5 for 3. batensoda, 1,607

for 3. filementosis, 2.911 for 3. eupterus and 3.341 for

8. scholl (T.BLE VIII).

The srecies means for K for the Tilapia species weare
4.10€ for T. galileae, 3.342 for T. nilotice ond 3.895
for T. zilli (TaBLE XX).

The mean vsolues of condition fictor (K) for ilestes,

Syncrontis and Tilapia penera were 2.01, 2.0 and 3,80

resrectively.

4.4. FEYSCICLL VioliMTRX SIVILLRITY V. LUES FCX LLESTES
SrECIES, WirrEsLED A4S FCOINTS

Foints hetween 1 and 6 can be scered by a species in
the renus ilestes. The species with the hgihest value of
hody weipht, for example, scnres 6 points, while that with
the lowest value of the same parameter. scores ; peint
(T.0LE X},

In the Synorontis species points between 1 and 5§ were
scored in the same manner as described ebeve (T-BLE XI):
while in the Tilapia species tha points scored were bet-
ween 1 and 3 and scores were alsc made aw rlescribed above

(T+3LE X1IX),

- o/ 112 S
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Table ¥VIX. Condition facturs for 6 Alcstes specics
(K = Body weignt (g) /S.L. (cm)3a. i

K wvalucs

— s & B s S

ﬁlestes.l.‘ ;}:ﬁtus Alestces alestcs alcstes Alestes
baremosg brovis Macr lcpil tus leuciscus specics nurse
0.933 1.348 14565 24734 24598 2.194
1.078 1.638 1.691 2,247 2,365 2.051
1,078 2,178 1.702 2,249 24813 2.095
1.051 2,024 2:153 2,012 2+690 2:327
1.056 2.313 1.698 2.231 24295 2.221
11,124 2.296 1.758 2.174 2029 2.147
1.062 2.5 1.767 2,585 2.411 2,204
0.974 2.233 1.391 2,312 2,962 2,363
1.017 2.168 2,178 1.561 24304 24362
1.030 2,624 1.556 2,901 19358 2,126
1.125 1.709 1.818 2,632 1798 2,296
1.116 2,620 1.502 2,622 24489 2.510
1.106 2,330 1,690 2,251 2o h94 1.881
1.160 2.271 1734 2,821 24536 2.213
0.930 24427 14521 2.731 24221 2.580

mean * S.hb,

1,05640,018 2,225+0.079 1.745+0.056 2,403 +0 075 241340,079 2.298+0045

S . R —— - "
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Table VIII. Conditicn facters (K) for 5 species L Synodoentis
(K = Body wcight (g) / 5.L. (cm)zi

- K vulues s — 4 A b [PPSR
Syncduntis Syneuiintis pyncdontis synedontds Synodon
glarias potensoda filamentosis vuplerug schall
2,959 5.393 1,853 2,580 3,084
2,433 3,481 1.624 2,980 2.866
2, 580 3,674 1,542 74452 2,980
2,963 3,660 1,424 2,776 2.980
2,40 3,409 1.058 2,830 2.370
2.399 _ 34471 1.589 %4306 2,249
2,458 3,425 1.910 24963 2,342
2.309 3,756 2,020 2,712 3,259
2.821 3,504 1.659 2,649 2,388

24550 3.884 1.392 2,859 2.899
' mean £ Sak,

2,587+0.076 3.565+0.053 1,607+0.089 2,911+0,088  3.34140.

a e — PP A deis . EaTERs




K values
Tilapia Tilapia
galileae nil tica
4,241 3.714
4,350 %2123
4.339 2,968
4,811 3,671
L.41g 3,126
4,540 4,417
4.775 3454
b, 594 4,182
L.746 3,422
4 416 3,245
3.827 3.701
4,817 3.822
4,144 2:378
4,050 3.000
3.762 5 4
4,673 2,979
4,542 24309
4 140 2470
3,951 3,040
4,252 3 bbb
4,218 3.539
4,087 3.058
4 ,4ED 4,361
4,208 2,609

Vs

.....
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TABLs Xs lhysical paraneters sinilarity values
for Alestes specics cxpressed ns pointas.
Physical Al.stes Alcstes  Alcstes Alcstes Alvates Alcstor
Parancter barumosce brovis n~crolepidotus lcuciscus "X" nursc
Body wecight 2 6 5 3 1 4
T2 & 5 6 2 1 3
S1 4 6 5 2 1 3
BD 1 5 6 3 2 4
Bw 1 5 6 4 2 3
Slopes
T1/51 5 5 4 1 6 2
S1/Bw 6 2 1 4 3 5
Bw/T1 2 1 3 6 4 5
K 1 3 2 5 6 4
"RY P3/81 3 & 5 1 s 4
S1/Bw 5 2 1 4 2 >
Bw/T1 3 2 1 4 3 5
TOTAL 41 46 45 29 34 47
1st Position 6 points
nd n 5 ]
3I‘d " 4 il
4th i 3 i
5th " - "

6th

"



TACIu XTI,

7

Physical parancters sinilarity

valucs for Synodont spccics

b &
18
Oe

gxpressed ns point

- - —

Physicnl
Paramceters S. clarins 8. batensoda 3. filuacntosis 3Se¢ ecupterus J.cal
Body weight 5 b 1 2 3
T1 5 2 5 1 %
Sl 5 2 4 1 3
BD 5 ) 1 2 4
Bw 3 4 1 2 5
Slopes
T1/31 2 5 3 1 4
31/Bw 4 3 5 2 1
BwTT1 2 ' 5 5 5
K 2 | i 3 4
"R" T1/81 i 5 4 3 2
S1/Bw 2 4 5 1 3
Bw/T1 5 5 4 i 2
TOTAL 39 46 35 24 40
18t TYosition 5 points
2nd " A i
3 I‘l n 3 n
4th " 2 i

5th




TABLS XII., Physical paranctor simil-rity vnlues

for Til-pi-. specius exprosscd =s points.

Physicnl
Parameter T. gililece T. niloticn I, zilli
Body weight 2 1 3
T1 1 2 3
51 1 2 3
BD 3 1 2
Bw 1 3 2
olopes
T1/81 1 2 3
S1/Bw 1 2 3
Bw/T1 3 2 1
K 3 1 2
"R" T1/81 2 1 %
S1/Bw 2 3 1
Bw/T1 1 3 <
TOTAL 21 23 28
tst Yosition 3 points
2nd . 2 "

'jrd " 1 i
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4% 5.  ANTEEFATLTICN CF ZBLECTRULIACRETIC FATTEDRNS

The electrophceretic patterns obtained showed some
degree of similarities and differences Detween similar
fractions from Jdifferent species of the same or different
familied, In cach comparison of fractions between two
diffefent srecies, nrotein patterns can he classed either
as éhnred or not sghared. 4L species may have a protein
with the same electropheretic mobility as that found in
ancther scecies or it may not.

The study conducted produced sets of electrOphorefic
patterns of proteins from the lens nuclei as shown in

Blate III through Flate X,

de5et. FLMILY ClL L LIDAE ZLACTRCFACUKETIC T ATTERNS
Eepresentetive electrophoretic natterns of availeble

memoers of this fomily are shown in Flates IX1 and IV.

4.5.1a%. GUNUS BYDROCYNUS FLITE JIX

ilere the flectrophoretic run wasg carried out in
duplicate for each fish species,

dydrocynus forskeli (L) shows three closely spaced

fractions, the first twe heavily stained while the third
was feiftly stained., Next, thesre were two broad, moderntely
stained fractions. Five protein fractions were revealled.

Hydrceynus lineatus () reveals three closely spaced

fractions, the first two heavily stained, while the third
was fanintly stained. Next to these wete two lightly staiped
frections feollowed by A moderately stained one. Farthest

to the left were ancther two lightly steined fFractions the

-o/ 120 LEX )
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.lest one broad. A total of eipght bhands were therefore

ohserveaed,

Hydrocynus scmoncrum pattern (C) censists of three

clogely sreced fractionsy the first wwo heavily stained,
while the third wos very faintly dained., Next is another
very feintly steined band followed hy two broad moderately
stained fractions. This species reveals a total of Six

protein hands.

445.1,7%, GUMUS LUGTWS. FLATE IV

Le barcemose (4L) reveals one liphtly stained band
followed hy twe heavily stained ones. Following these were
five lightly steined fractions, the last one to the left
heing long. 4. total of § protein fractions were indicated
in this species,

4L, Previs (8) shows tc the extreme right a lightly
stained fraction followed Ly two heavily stained ones,
Next to thesc were three meoderately stained fractions which‘
were followed hy a broad heavily stained frogtion., st the
fer left, a long lightly stoined fraction can be seen. O
protein brnds were therefore indicated,

he macreleridctus pattern (C) consists of one lightly

stained fraection which was folloved by three heavily

staired ones. Next there is a moderately stained fraction
which is followed by a hroad heavily stnined hand, Farthest
to these, were two froctions, the lost one faintly stained

which disanreared to the f-r left. In i. macrolepidotus

8 nrotein fractions were revealled fyom its cye lens grotein

extract.

II/ 121.-.
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Plate I1I., Electrophoretic patterns of protcins from fish
eye lenses nuclei, A = Hydrocyrus forskali,

B = H. lineatus, C = H, somonorui,

Flate IV, Electrophoretic patterns of proteins from fish
eye lenses nuclei., 4 = alestes barciose, B = a.
brevis, C = A, macrolepidotus, D = L, leuciscus,

\ixn
L =4 Aleateg/F = », nurse,
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'é; leuciscus (U) shows one liphtly stained fraction
and twe moderately stained ones., Next there were four
lightly stained fractions. & total of 7 hands were observed,

Llestes "A" (£) reveals cone lightly staincd fraction
and five mcderately stained others with the broadest at the
far 1left. € protein fractions were indicated here,

&o purse (#) shows one lightly‘stained fraction and
two heavily steired ones at the for right. These were
followed by four lightly stoined fracticens. The eye lens
nrotein of this species appesred to he made up of 7 pxotein

fractions.

4,5.2. FrlILY MCCUTKIDAE JLLCTRCATCHETIO FATTERNS
Llectrophoretic natterns of availahle members of this

family #sre shown in Flate V and are described as follows.

4.5.2.1. GENUS SYNCD(NTIS FL&TE V

S. schell (i) shows te the fer right threc heavily
stained fractlons end one to the left of these which was
moderately stairod. Next, there was a broad heevily stoined
frection whose intensily and width reducaes and deseppeared
to the for left. & total of 5 frections were revealled
here.

S. filamerntosis (B) reveals two heavily stained fraeticns

tc the right and one lightly stained band. Next, was a
light long hend which desappeared to the f'r left. This
species revealled 4 nrotein fractions.

8. cupterus (C) shows four well spaced moderately

stained fracticns fellowed by a very lightly stained long

oo/ 123 ...
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hand that deserneared to the far left. 5 protein fractions
were therefeore reovealled by S. eupterus.

3. clerins pottern (D) reveals threc moderetely stained
froctiong followed by a very lirht lonpg band which dese-
npeared to the frr left.

5. hatengude (BE) shows two well spaced moderately
stain2d fractions. HNext; there are twe lipghtly stained
frections, the lost one Leing long.
4a8,3. FUILY CICHLIDLE ELRECTRCFHGRETIC PATTERNS

reprentative electrophoretic patterns of members of
this fomily 2re shown in Plate VI end descrihbed below as

follows,

JeSeleds ENUS HEFICIDAMIS. FLATE VI

d, bimaculatus pattern (A) consists of three well

gpeced moderately stained fractions, Between the second
and the third fracticns is a very lightly stained fraction,
Hext, there are two lipghtly steined fracticns followed by
a broad énd heavily stained fraction whose intensity reducea
and digaprears to the far left.

H. fascintus (3) shows to the far right two heavily
stnine fractions the second being broad. Next to these
is ~ faintly steined fracticn feollowed by a broad moderately
staired one, The fifth fraction is o very bhroad, heavily
stoined one whese intensity reduces and ﬂisaﬁpears to the

far left.

4.5.8.2. GENUS TILiPIi. PL.TE VI

T. galileae (C) reveals & heavily stained fraction

ee/124 4aa
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Plate V. Llectrophoretic patterns of prote.ns from fish

eye lenses nuclei; A = Synodontis schall, B = Se

filamentosis, C = L. eupterus, & = 3. clarias

E = 8. batensoda,

Plate VI. Electrophoretic patterns of protcians from Eish

eye lenses nuclei: A = Hemichromis bimaculatus,

B = H, fasciatus, C = Tilapia galileae,D = T,
pilstica &L = T. zilldi,



fellowed by one hroad, moderately stained fraction., Next
are snother two bands that esre close together - the first
one ﬁc the right hesvily stained while the second one to
the lelft ig lightly stained, This is followed by anothep
faintly strined bhendes The remaining bands comprised of o
very hDrocd an?! heavily stained hand followed by a very
light bond which disavpears to the left.

£, nilotica (D} shows @ heavily stained fraction
followed by A moderately stained one which is broad, Next
to these is enother heavily stsiﬁed fraetion followed by
two lirhtly stained ones, Ffarthest to the left is a broad
heavily steined fraction followed by 2 faint one, |

T. 2illi reveals a henvily stained fraction followed
by & broad moderately stainad one. . These are followed by
ancther one, &lsc moderately stained. Next, is yet another
hroad moderatoly stained band., Farthest to the left is a

very broad heavily stained fraction, fellowed by another

that ig fointly stained at the frr left. |

doBatie DEAULL LATMGU IASY iMND SILE DIFFRLENCES INVESTIGATER
BY DLCTRCE ACTESID :
- |

Sex and size difference are investigated using the
nuclaar lens proteing, Lenresentative electrophoretic pa-
tterns of members of the three families are shown in Plates
Vii, V¥IT ~nd IX respectively.
$¢5e4,1. GENUS LALESTLS. PLLTL VIT

4. baremose (&) ir all the four patterns reveals one

i
lightly stained fraction fellowed by two closely spaced

../ 125 -.‘.I
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héavily staineC ones. Next, there are five lightly steined
fracticns, the last to the left being long. Sexual dimor-
phiscm aor size differences have not heen shown by the elecw— |
trophoretic pattoras of the ¢ye lens prcteiné from this
8T eClicB.

ie Lrevis pattern (B) reveals in all the four patterns,
one lishtly stainsd hand followed by twoe heavily stained
oncsy Hext, to these is & moderately steined frection
followed by twoe hroud, heavily stained fractions, &t the
far lefty = long ligshtly stained fraction was present.
Sexunl dimor—hism or pattern 2ifferences ag & result of sdizd
variatiens hove net hYeen observe,

Le moerolepidotus (C) shows in all the four patterns

cne liphtly stained fracticn. This was followed by three
heavily strined ones. Hext there is & moderately stained
frection which is followed by & broad heavily stained bangd.
Lt the left hand side, there are two fractions, the lost
on: faintly stained which disappeers to the far left. Here
also sex or size differences have not been ohserved from
the ratterns,

L EEEEEEEEE.(B) reveals one liphtly steimed fraction
in a1l the four nettorns. This is followed by two heavily
stained fracticns, Next, there cre four moderately stained
bands, Sex or size differences have not been shown,

alestes “K" ()} shows come lightly stained fraction
an’l five moderately stained others, with the broadest at
the for left in €ll the four patterns. HNo differences have

been chserved in connaction with sex or size,

oo/ 127 ...
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Plate VII.

wlectrophoretic patterns of proteins from fish lens nuclei, The upper and

lower patterns of each of the first pairs aerc [rom 2 male and a female fish

= L
respectively; while the upper and lower patterns of each 5f the second pailrs
are from 2 small and a large fish respectivoly, 4 = hlestes barenose, B = f.

vrevis, C = 4. macrolepldolus, D = A, leuciscus, L = Alestes "L I =_4, NUCSR.
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b nursq (F)} shows in all the four patterns one
lightly stained fraction and twe heavily stained ones,
These are follewed "y four liphtly stained froctions.
Differences in sex or size hove not heen shown in this

cagss alsc.

faliaftaPe GSMMUS DYHNUDCHTIS, FLeTid VIII

S. schall (i)} roveals in all the four patterns three
heavily stained freoetions followed by a lightly stained
one. HNext, there is & broac heavily steiped fracticn whose
intensify and width reduces and Jdisappeared to the far left
in all the four watterns, Hore clso sex and size differengos
have not been cobhserved.

BS. filamontosis (D) shows twe heavily stained frectioph

and one lightly stained band in all the four patterns. Next,
is a light long hand which disappears to the fafr lefty Eyg
lens protein patterns have not revealled sex or size diffoy
rences in this spnocies,

S. eupterug (C) reveals four well space moderately
stained fractions foillowed by A very lightly stained long
band that disappears at the foar left in 21l the four pat-
terns, Sex and size variations have not been observed.

B, clarias (D} shows four moderately stained fractions
fellowed By a very light long hand wvhich disappears at the
for left. This band arrangements was observed in all the
four ratterns. Variations in sex and size have not heen
shown,

S. batenscda (E} reveals twe well spaced moderately

staimed fractions. HMNext, there are two lightly stained
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late qHHH .

Electropnoretic patterns of proteins from fish lens nuclei: The upper and

lcwer patterns of each of the first pairs are fro. a male and a female fish

respectively; while tne upper and lower patterns o. cach of the secoud pairs

are from a small and a large fish respectively,

a = synodontis schall, B = S,
filamentosis, C = 3. eupterus, U = 8, clarias, & = 5, batensoda.
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~fractions, the last one being long. Sex and size variations

Have not Yeen seen.

448atade GENUS HELIGLKT.IS. PLLATE IX

T

K. himacul-stus (i) shows three fairly spaced fractions

thot are noderatzly stained in all the four patterns., Next
thaere ore twe lightly stained frecticns followed by a hroed
ond heavily stained fraction whese intensity reduces and
digszppenred to the far left. |

H. fasciatus (B) shows to the far right two heavily
stained fractions, HNext, to these is a faintly stained
fraction followed by 2 hroad mcderetely stained one. ‘he
lagt fraction to the left is broad and heavily athined,

Thesc cobservation were made in respect of all the four pat—
ternsa.
AeBebeds GENUS TIL.LFIL. PLLTE IX
T. palileae (C) revesls in all the four patterns e
heavily stained Iraction followed hy two moderately stained
ones. Next is another band that is very lightly staiﬁed.
The remaining frecticns comprise of & hroad and heavily
stained hand fcllowed by a very light one which disappears
to the left. Dex and sizc variagtions werce not indicated.
T. nilctice (D)} shows a moderately stained fraction
frlloawed by five liphtly stained ones, To the left of
this is a broad heovily stained fraction. The results
otained here ¢o not show sox or size differcnces.
T, zilli (B} reveals & heavily stained-fraction followed
hy thres moderately stained ones. These are followed by

a hroad heavily stained band which is followed by another

. .‘/131 - e
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Flate IX,

Electrophoretic patterns of proteins from lens nuclei; The upper and lower
patiorns of cach of the first pairs are from & 2alc and a female fish

respectively; while the upper and lower patterns of each of the second pairs

are from a small and a large fish respectively, A = Hemichromis bimaculatus

B = H, fasciatus, C = Tilapia galileae, D = T, nilotica, L = T, zilli,

-
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that ie faintly stained, Differcnnos ise mea w= 8L4€ have

not heen shown,

4,5.8., SPECIES TLTTEING FLUF DIFFERENT FAMILIES USED TO
THRICLTE SINILKITIZG alNb DIFFoRENCES LT PAMILY
LEVEL. FPLLTE X.

Llestes nurse (&) reveals one lightly stained fraction

followed Dy twn henvily stained ones. Following these, are

four lichtly stained fractions.
Synodontis schall (3) consists of thrce heavily stained

frentions to the far right. These are followed by one to

the left, which is mcderately stained., Next there ig @
bread heavily stained fraction whose intensity and width
reduces and Jisappeared to the far left.

Tila~ia zilli (L) patterns show & heavily stained

frection followed by a2 broad moderately staiked ope. Next,

there are two moderately stained fracticons, Farthest to

the left is ~ 7y broad heavily steined frection followed

by another that is faintly stained,
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Plate 2a

Electrupheretic patterns of proteins

from fish lens nuclei. Similarities and
differences between mempers of the families
Characidae (A = 4. nurse) Mocholidae

(B = S. schall) and Cichlidae (C = T. zil1i).
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Ciinl Tl FIVE

Se UISCUSSGICN

shysicnl parama2ters ond eye lens proteins electropho-
rotic ratterns are imsortont source® of freshwater fish
texcnomic information, The physical parameters include
holy weishity total length, standard lengthy body depth
‘Logler ¢t 2131977) and bhody wicth. The meen values for
these rarsmeters are snecies snecifics. Also species speci-
fic ar: the slcpes and correlntion coefficient; "R" velues
obtrined from plots and regression of length against weighte
The condition factor which is 2 measure of rhysiological
rechustness (Cni et 21, 19C3) of fish specics shows diffe~
rances Tetween species,

The electrophoretic patterns of nuclear lens proteins
from the many fish srecies studied are of high quality and
renroducibility &nd thcy show distinct varistions in number
of fractions ond in the fractionel mohility, staining in-
tensity, width ond resolution of ractiacns. DBecause of
these imrortant nronerties, the cye lens protein patterns
arc ¢f prest value s scurces of freshweter fish teaxonomic
informetion.

Sele FIYSICLL DiltaMllTR8

Opocies meons for length and weight are important in
understandin;; the similarities and differcnccs that exist
hetwsen animals, particularly the fishes. ieed (1967) and

-

lollen and Keed (1878) used means of length and weight as

oy

tools in the Zlentification of local fish snecies.
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The means were usaed My the two authors to show some
difforences between species of the same genus. 1In this
stuly,means of lengths end weight were usad ip the same
manner. From ail the shservations made hordly were there
any two species that siowed the same mean values for a par-
ticulsr physical parometer., This thercofere is a élear in-
dication of the notential volue of these paramctérs in fish
taxonomy.

The ecase with which these measurements are usually
taken has rut physicallparameter values into use in many
areas of research. These include fisheries biology and
fish physiclosy (Cni et al, 1583},

The mesn values cf the nerameters for ihlestes, Syno-

dentis ond Tilaria species clearly indicate species varia-
ticns. These valuis are tharefore useful as sources of

fish taxonomic inform~tion, =aithough a number of limitationsg
cen milif&te acaingt such use,

Such limitaticns include the mony ways by which a fish's
weiht cuon change. changes in weight can occur as a result
of scescnal chenges, time of thse year, and even time of day
(Lagler, 1972). OSex ond age of a fish can also account for
welpht Jdifferences. In Tilapie species, the male is alweys
bigger than the femalce of the same ape (Keed, 1967).

The lsnpth of & fish can else vory because of a veriety
of reasens, Those include scasonal variations, geographical
locaticn, availanhility of diet, physiological contdlition, sex,
anc a2 of the fish, |

Carc must thoen he token in the area of fish ccellection
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heecasuasz of the ahove ressons. Collecticn should ¢ done in
the semu seascn of fishes of the zame species and if possible,
of fighes of the same sex and age (Lagler, 1672). Inspite

of thesc limitaticns weipght date can effectively be used

in s;ecicg differentiation nrovided the fish siccies are
colleetesl in the same senson and in the same locality

(Laglor, 1972},

BePo LalGE-MIGETY S8y TICNSIIES FAND TLAUNCIY

The relative growth of one fish can be comnared to
thet ¢f ancther hy taking lenpgth-weight measurcments. The
relationships botween length and weipght are important in
understanding the growth rates of animels, particularly the
fishes (Lniy et al; 19€3). The importance of Jdetermining
the rcelaticpshins beitween the hody weipht and body length
of fishes wes first summarized by Lagler (1972).

Cni 2t 2l (1S83) pointed out that from the regression
equatiens obtrinid from length-weight relotionships it is
possibls to estimate weitht from known length of fish and
viee vorsa.

In this study slones of regression lines and correla-
tion ceefficieont "', values were used in fish specics
Aifferentiation, Lifferences haetween smhecies ean be ohser-
ved in the ¢iffoerences hetween the slopes and the differences
betwecn the "R velues, Blopes and "R" valucs can be
affegted hy nll the limitotions found in weight and length
measurements, Nevertheloss, those values appear to be
good sources of fish taxonomic information Hecouse ne tweo

fish srecics show the same valuces.
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valaes were finally 2dded ur for cach srtecies (See TLBLES
Z, XTI, and XIX¥), The fish with the highest total simila-
rity velue is then rlaced first in the taxonemic order,
This crranpement is in agreement with that of weed (1967)
and Loldern and keed (1970); the only difference heinpg that
Zeed (18¢7) ~rranged membors of the penus llestes in ascen—
ding ¢rder with the smellest s ccies coming first while the
bigrest ceme last.

The total physical ) erameter velues indicnted in this
stucy thot Le nurse comes first while fie brevis and s

mocrolernidetus come second and third respectively (TL3LE X

in the tayonemie order. 3But in mean length and mean weight

values L. Brevis and L. macroleridotus follew each other

closely Leiry the lorgest ond heaviest, while A, purse
follow next. They alse recsemhle each cther closely in
morizlogienl ar: earasnce. Deing the leorgest of the Llestes
species, Holden and :eed (1£78) rut them first and second
resiectively while Keed (1967} rlaced them in the last posi-
ticns f£or his arrangement was in ascending order for the
slestes ) ceies. The arrangement hy Holden and Leed (1978}
should he retained hut . nurse should eccuyy the third

pogition after L. brevis and L. maercleridotus. It would

then be fellowed by L. beoremosc. 4. Jewciscus would then

occury the fifth josition while ilestes "X" comes last

in th: taxeonomic order of srecies examined in this study.
Reed (1967) and Holden and Xeed (1978) agreed completely

with each other in the arrangement of the Synodontis spocios

they re orted, In Holden and Heed (1970) S. schall was
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not included, The results obtained iﬁ this study agreed

with th se ohtained by Keed (1967) ond Holden and deed (197¢),
the cnly difference heing 5. schall taking the place of S.
clerias which moves to the third rosition while S. eurterus
moves to the fifth resiticn.

The tasxenomic arranpement of the three available membeys
of the perus Tilania by feed (19€7) completcly agreed with
the physical arameter similarity valucs exressed as points
in this studys In bcth cases T. zilli comes first which
was fcllowed by T, nilotica with 7. galilcae coming last.
5.5, <¥= L3NG FCTUINSG

Variation in the rretein comrcsition of the cye lens
nuclecus in the fish s ccizs studied is consistent with
findings in cther s ecics. Exem les include Pacific

alhacore (Thunnus permon) (Smith, 15€2); CGeeen whitefish

(Gmith and Goldstein, 1967); mackere scad (Omith, 19569c)
and three s;yccies of tune (Smith, 1982).

In the aforementicned studies, inters;ecific variations
i

=

electrorhoretic ;atterns were due to the nucleer lens
~proteins which mipgrated short distances (Smith, 1969¢). This
ohscrvation was also made in this study where the rattern
variations were due te the -rotecins closest te the point of
samle a [ licaticn, ﬁuclenr lens r rotein atterns vary
inters: ecifieally in width, concentration, location and re-
solution.,

The ;ossibility that denaturation rather than gepotype,
accounts for this veriability scems unlikely becouse mucloar

lens - reteins strongly resist breakdown (Smith, 1965).
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Since in the live animel the loms is an inert stfucture
(Heynin;en, 19C2; Manski et al, 1564), even death would
not <irectly cnuse chnnges in its proteins. Furthermore,
dennturel lens “roteins roduce eleetrerhoretic pgtten@a'
in which the lesser wigrating fractions ore more nebhile,
aven to tuc exitent of fusinp with the farthest-migrating
fraction sc that crly one band is ohserved (Bihley and Brush,
1967&;;

in this study, lenses were frozen ot omce after collec-
tion on? vhere nower failure ersisted, lenses were discar-
AGeds Vith the roor performqgﬂw of NeB.¥on. in those days,
mony valunble gamiles were ldst. Jut semrles werce usually
usel &s soon as ;ossible when they were ccllected so that
pattern vorieticns due to denaturntion would not bhe cxpected,

Froteing from two individuals of the same srecies
revealed 2 high degree of similarity (Smith, 18€Sb).
This great simil-rity betwoen patterns of rroteins from
lenscs of the nembers of the same s)ecies is a convincing
indicatcr of the carchility of the eleetrophoretic ;ystem
to ~roduce highly similar results wvhere they are most
exrected. Having extahlished the very low level of intra-
snecific voriation the results were compared with current
classificoticon, and the latter used 2as a test against which
to paupe the reliability of the former.

The eye l@ns ' votein electrorhoretic results nresented |
here have © high degree of congruence with published classi-
ficotions. Closely reloted srecies have similar nuclear

lens rotein atterns ond distantly related ones do notr
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The clesoness of (he relationship hetween smecies anpears

to he higaly correlated with the niuclear lens irotein elecw~

trophioretic similearity rorticularly below the family level,

SeSale 0N LHL Siin DIFFELENCLS

Thare ig little infermation in the literature about
fish sizc in reletion to lens rrotein polymerphism, 4 few
auathors (Touyuki et al, 1968; Hekroat and Wright, 1969§
Eckront, 1871, Szunders and Fickenzie, 19713 Blakej 1576)
nocted no such relationship. This is in agreement with the
results obtained in this study., Cther authors (Barrett
end Lillicmg, 1967; Haen and C'kourke, 1965; Iletterscon and
Shehadeh, 1$71; Benz, 1%80; Leenen and de Jong, 1981)
re;orted the existence of such a relationship. In some
of the studies, electrophoretic patterns ¢f some lens
rroteins from different individuals of the same siecies
arranged in crder of size show irregular, and gsometimes
ahrupt Qifferencos.  Such variations, if considered to
reflect o Jdevelormentel rattern within & sinple fish with
growth, would rerresent en unusual form of post-synthetic
rrotein wodification. %This mocdificzticn as thought teo
occur im the lens (Harding, 1976; Bloenendal, 1977; Bamroguen
ot gl, 1¢70; Chrleff &t al, 1980; Zigler et nl,1981) is ex-
pected to “roduce smocth ond continuous changes (Harding,
1973, 187€) nut irregulsr and sometimes abrupt ones., These
non-;;radel rrotein varintion may have other, non~develon-
montal causes, for oxample, (1} inciusion in the fish
serieg ¢f onc or rore individuals from a different popu1a4

tion(s} or (2) technical manipulation that produce this
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tyre of varietion &s an artifact,

Smith and Gilmen (19862) werking on & number of fish
srecizs showed that majority of the fishes they used showed
some cepree of protein polymornhism hetween small and large
individuals of the samz srecies., They made the observation
that relymerrhism inveolves some —roteins to varying degroes
in certain siecics and is shsent in other species.

Heo informotion was found abeut fish sexual dimorphism
in relstion to lems protein polymorrhism in the literature.
In this study scxual differences in relation to tpis'prﬂtein
was nol cbserved. fg ”fn':ﬁ;.ﬁta-{f

The fact that electrcphdretic natterns ofkthe e}e_léhs
protein from a small and & large fish and frcm'é_male ahq'&
a female fish of the same srecies do not show protein poly-
morbhism opens a8 clear way for the usc of this preoteins as
sources of fresh water fish taxonomic'infdfmation. One can
take any size or scx of the some fish s eties, carry out
electro horetic studies con the oye lens protein and utilize

the pfotcin rattern in a taxonomic study without the fear

.- 0f sex or size interfercenco.

. The results ohtainced from the lens nuclear protein
electrorherctic r-atterns have indicated that the eye lens
rrotcin has great potential as o scurce of taxonomic infor-
maticn.

rlthourh the electrophoeretic end physical paramcter
data are nresented here in isolation, an cxercise which
might be quite valid unler scome cifcumstances, it might be

.more suitable to integrate the electrophoretic and physical
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paramster e¢vidznecs with that from otihor characters in

eny investigetion of s-ecific texonomic prshlems,

5,6 FULICLL ProdbulellS V8 ALETTROFICHESIS

Vhen results obtained from physical parameters were
compared with those obtained from electrophoresis, it
would e chserved thnt the electrophoretic results would
he moire relishle, This is bocause there are many factors
tant can bDring about chinges in weigzht and lengths in
fishes (Lagler, 1372). These chenres therefore make phy-
sical parameter values unreliashle. (n the other hand the
elactrophoretic results are observed not to he influenced
by sex or size varistion,

The lens nucleus in the live animal is an inert struc-
ture, so that desth would not directly cause chenges in the
proteins of the nucleus and in addition the nuclear lens
proteins are hiphly resistant to denaturation. The elec-
tropheretic noti~rns of the lens proteins would not produce
the ohoervaed »ettern chanpes had it been that the proeteins
wore Jenstured; neither are the pattern varigtions caused
by technigue, s the unifermity of many patterns demons-
trates the reliability of the procedure, and the genetice
hYasis of th2 natterns.

Se7a L ACTLALNS SML AILslS (F FUTHLR INVAGSTIGLTICNS

The protein extrrction method employed in.this study
takes & long time to accomplish and depends very much on
cooling the system to a temperature of about 6°C. The

use ¢f anothor huffer solution for extraction mey reduce

- .A44.l L
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the length of {imc for the extraction,

The resolution of fractions may he improved »y using
another stain irstead of poncesu S stain. Further inves-
tiations could Dbe carried cut using another huffer system
and ancther stein to sce if more ~rotein fraction hands

can H¢ visihle,
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6, SUMMLLRY LML CONCLUSICHN

The potentials of physical parsmeters and eye lens
proteins were Envestipated as tools in fish taxonomy.

The mean values of length end weight earce species
sprecifie and so coulrd He used as tools in fish taxonomic
information,

Blopes of regression lines and the correlation coe-
fficient values pot from rerressing length against length,
length apainst weight and weipht against length era also
species specific.

The condition fector which is a measure of the phy-
siclogicel rohustness of fishes shows variations in its
velues in different fish speciesd

Figh texonomic orders could he rearranged by the
help of physical parameter similerity values which were
expressec as points,

Fish length and weight can be affected hy meny factors
and as such care must be taken in afen of fish collectian.

Electrophoreiic separsation of proteins from the lens
nucleus effectively identifies molecular differences which
reflect penetic verintion emong the different species of
fishes.

This methcd in comperison with those utilizing blood
proteins, muscle nroteins, enzymes, ¢tc, Aavoils over-

sensivity and is less complex.
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