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SUMMARY

Meristic and electrophoretic taxonomy of Marcusenius
senegalensis (mormyridae), Schilbe mystus, Eutropius
niloticus, E. mandibularis and Siluranodon auritus
(schilbeidae), Chrysichthys auratus and C. nigrodigitatus
(bagridae), Oreochromis aureus, O. niloticus, Sarotherodon
galilaeus, S. melanotheron, Tilapia busumana and T. zillii
(cichlidae) were studied to contribute to systematics of
the fishes. Genetic differentiation among related taxa and
structure of populations were assessed to add to similar
information on tropical freshwater fishes.

In all species, protein markers were found that were
more precise for their identification compared to morpho-
logical or meristic characteristics. Based on 27 gene loci,
systematic relationships among the schilbeids were in general
agreement with that based on meristic characters. Results
here support previous consideration of Schilbe and Eutropius
as substantive genera. This does not support De Vos' (1984)
proposal to consider the two as a single broad genus.

The genetic identity (I) between the two Eutropius
species was 0.642. Among schilbeid genera, I ranged from
0.183 to 0.615 with a mean of 0.361%0.163 (S.E.). Among
the c¢ichlids, ] between populations of Oreochromis species
ranged from 0.904 to 0.962 (I = 0.939+0,025). 1Identity
between populations of Sarotherodon galilaeus was 0.912.
Between populations of Tilapia zillii, I was 0.829%0.044.
Within Oreochromis, Sarotherodon and Tilapia, the mean Is
were 0.691%0.094, 0.649*0.053 and 0.499%0.039 respectively.
Between genera of the cichlids mean I was 0.582%0.089.
These estimates support Trewavas' classification of
Oreochromis, Sarotherodon and Tilapia as separate genera.
They also suggest that among the cichlids, Tilapia would
be ancestral to Sarotherodon and the latter to Oreochromis.

Mean observed heterozygosity of ten wild populations
of ten species ranged from 0.004%0.003 to 0.054%0.042.
However, what would have been expected of them as tropical
fishes was an average of 0.067. The low genetic variability
in these populations has been attributed to the evolutionary
status of some species, range of distribution and the
hydrological regime of the study area.

* x %k %x % % %k *x %
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CHAPTER 1

INTRODUCTION

African fishes and those of other tropical regions,
are known to have large numbers of species with very
complex inter-relationships. These two rather special
characteristics of tropical fish fauna have generated
several studies over the years. However, the primary
stimulus for most studies has been the fact that fish
remains an important source of protein in the diets of
many indigenous populations in the tropics. The importance
of fish as food and thus the need to conserve and develop ’
fishery resources (to avoid damaging fish stocks by either
over-exploitation or/and habitat destruction) have also

provided reasons for many studies.

The extraordinary species richness of tropical fishes
(see Lowe-McConnell, 1987) and the complex inter-relationships
in fish communities remain to ecologists, webs of biotic and
abiotic systems that attract investigation. To the
evolutionary biologists, several tropical fish communities,
especially those of the African Great Lakes (Victoria,
Tanganyika and Malawi) provide significant opportunities to
study the evolutionary process and appreciate mechanisms of
speciation. For biological and economic reasons therefore,

African fishes and their communities constitute rich resources.



Freshwater fish fauna of Africa, which on their own
have attracted several studies, consist of primary, secondary
and diadromous fishes (Lowe-McConnell, 1987). The primary
freshwater fishes are those that evolved in freshwater and
are unable to tolerate brackish waters. They include many
primitive but important families such as the
Protopteridae, Polypteridae, Osteoglossidae and
Mormyridae. Most of the less advanced families are
characteristically endemic to the African continent (Lowe-
McConnell, 1987). The secondary freshwater fishes include
species evolved in freshwater but of marine groups. There-
fore, the fishes are generally capable of tolerating
brackish waters. The most important family of this group
in Africa is the Cichlidae, which includes the ubiquitous
tilapias. The third major component of the African fresh-
water fishes, the diadromous fishes, are those which make
regular migrations between freshwater and the sea. The
main groups are complemented by marine elements which

sporadically visit the freshwaters.

The total freshwater fish fauna of Africa contains over
2000 known species, with many important families being
remnants of archaic fauna (Lowe-McConnell, 1987). The
present distribution of the fauna, reflects effects of
geomorphology, hydrographic history and pleistocene climatic
fluctuations (Roberts, 1975; Greenwood, 1983c). Both
authors recognised ten ichthyofaunal provinces in Africa

(Sub-Sahara mainly), based on present day drainage systems,



dominated by those of the Niger, Nile, Zaire and Zambezi
(Lowe-McConnell, 1987). Smaller inland drainage systems
which complement the four mentioned above, include those

of Lake Chad, Turkana and the Volta.

The fishes studied here, originated mainly from the
Volta system and therefore belong to the Sudanian ichthyo-
fauna province (Greenwood, 1983c). The fauna, recently
reviewed by Daget and Durand (1981), was considered rich
but with many elements of archaic fauna which have very

limited distribution.

Information on freshwater fishes and fisheries of
Africa, has accumulated mainly from activities associated
with some important commercial fisheries. =~ Within
the last three decades an appreciable body of knowledge
has been added from investigations in man-made lakes and
reservoirs created for other purposes. The impoundments
have provided large-scale experimental opportunities to
study changes associated with riverine fishes and their
communities adapting to lacustrine environments. More
recently, attempts to organize fish culture in tropical
countries has also yielded information on the biology of
some species (especially tilapias) in captivity. Fishery
research invariably aims at determining the optimum economic
yields of desirable species. However, identifying desirable
fish species in a community requires knowledge of almost
all species available and some idea of their population

dynamics.



In all the above studies two special problems which
complicate research, have remained largely unresolved with
tropical freshwater fishes. First and most fundamental,
is the problem of distinguishing species from close
relatives. Secondly, a technique is yet to be developed
to determine the age and growth rates of tropical fishes.
The taxonomic problems of African fishes persist because
species identification still relies mainly on morphological
and meristic variability among species. Given the species
richness of fish communities on the continent and the wide
distribution of fish groups in varying habitats, the
influence of ecology on fish morphometrics further compli-
cates the taxonomy and systematics of African fishes. It
also raises obvious guestions about the genetic uniformity

and relationship between and within species.

However, the primary importance of proper identification
of species and systematics of organisms has been expressed
by many eminent biologists (for example, Dobzhansky, 1973;
Mayr, 1969; Tamaru, 1986). Ferguson (1980) emphasised
that without proper identification, no other biological
studies can be carried out in a rational manner, just as
it is important for the rational exploitation and management
of natural populations of food resources - animals and plants.
Intraspecific systematics or population taxonomy has been
found necessary for general conservation and that of identi-
fying unique genotypes for potential use of economical,

agricultural or medically desirable traits. Unfortunately,



morphologically based systematics provides no information

on genotype variation unlike biochemical methods.

4 The use and advantages of using biochemical methods
to refine aspects of systematics has a history going back
to the beginning of this century, with the work of Nuttall
(1901). Since then various techniques have been developed
and used for the same purpose. Reviews of such methods
have been provided by Avise (1974), Merrell (1981),
Ferguson (1980) and Selander and Johnson (1973). Of all
the methods however, the electrophoretic analysis of
proteins (described in more detail in Chapter 2), has
become the major approach which has contributed to
systematics and evolutionary considerations of many
organisms. The technique is effective and simple. It
involves placing tissue homogenates (samples) in a porous,
homogeneous matrix (Starch gel, Cellulose acetate, Polyacryl-
amide gel, etc.) and subjecting the gel to an appropriate
electrical current. After a suitable length of time the
gel is removed and stained according to a variety of
available histochemical procedures. With experience, the
proteins (or their products) stained on the gel, can be inter-
preted as biochemical phenotypes. Then, because of the re-
lationship between the nucleotide sequence of the DNA molecule
and the amiﬁo acid sequence of proteins (stained), the differ-

ential migrations can be interpreted as particular genotypes.

The electrophoretic approach has, in the last 30 years,

been used to resolve taxonomic and evolutionary issues



involving several groups of organisms/including fishes
(e.g. Ferguson et al., 1978; Avise and Ayala, 1976;
Avise, 1974; Ayala et al., 1975; Selander et al., 1971;
Smith and Robertson, 1981; Webster et al., 1972). Among
tropical fishes, the application of the electrophoretic
technique to systematics and evolution is virtually non-
existent. The few published works relate to a limited
number of tilapia species and two schilbeids (Kornfield,
1978; McAndrew and Majumdar, 1983, 1984; Abban and

Skibinski, 1988).

The work presented here uses starch gel electrophoresis
and to a limited extent, isoelectric focusing in thin-layer
polyacrylamide gels, to evaluate and contribute to the
refinement of taxonomy based on morphology. Data obtained
also permit a discussion of the genetic structure of

populations and differentiation within major taxa.

* x % % % % *x * *



CHAPTER 2

STUDY AREA, MATERIALS AND METHODS

2.1 Studz Area:

Fishes studied were mainly samples of freshwater
species and stocks from Ghana, a tropical environment in
West Africa. Figure 1A shows the inland water system of
Ghana. Sampling sites of wild populations studied are
indicated. Although the country is inundated by rivers,
the Mampong-Bisa range of mountains (Fig. 1A) divides the
rivers into two groups with regards to their final drainage
into the Atlantic ocean. Rivers east of the range, covering
more than two-thirds of the country, drain into the Atlantic's
Gulf of Guinea, through the Volta river, and constitute the
major part of the Volta basin in West Africa. The second
group of rivers, originating from the western front of the
mountain range, drain into the Atlantic mostly as individual
systems. These coastal rivers are thu; greatly influenced
by sea-water which seasonally influences the composition

of their fish communities.

The Volta system, as at the time of this study, con-
sisted of the man-made Volta.lake and its tributary rivers.
The main rivers of the system are Asukawkaw, Oti, White
Volta, Black Volta, Pru, Sene and Afram. Major
literature on the fishes of Ghana imply that fishes of

the rivers and the lake form a single community (Trewavas



Fig. 1A; Drainage Map of Ghana.
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and Irvine, 1947; Lowe-McConnell, 1972; Leveque and

Paugy, 1984; Abban, 1979). A hydrological feature of

the rivers which undoubtedly affects the fish community

of the basin is that all the rivers are tropical savanna
types. Being so, they characteristically have a short

flood period (May/June to September) followed by a

relatively longer dry period (October to May) each year
(Hopson, 1965; Holden, 1963; Abban, 1979; Abban and Samman,
1982). During the latter part of the dry period (about

March - May) river sections, especially North of lat. 7°N
(Fig. 1A), become reduced to isolated and connected pools.

The smaller tributaries of the system often dry out completely.
Such a hydrological regime annually reduces habitable space
for the fish populations and restricts movement of those

left in the pools. Prior to the formation of the Volta

lake in 1964, it is conceivable that the regular reduction

of aquatic space exerted drastic bottle-neck effects on

the fish populations of the Volta basin. This is a

situation which cannot be overlooked in a discussion of

the genetic structure of fish populations in the area.

Since the creation of the lake, it has provided a
reservoir where an undetermined, but high proportion of
fish populations in the basin take refuge during the dry
period or for most of their lives. Thus, the Volta lake
has become a macro-environment which unintentionally, could
enhance the homogeneity of fish populations within the basin.
However, the Volta lake is young and fishes living in it,

being legacies of riverine populations, could not have



10‘

adapted to completing their life cyclesin the lacustrine
environment provided by the lake. A majority of the fishes,
therefore engage in annual spawniné migrations from the
lake up the tributaries during the flood period (Abban,

1979).

It must be mentioned that, while evidence for the
upstream movement has not been difficult to obtain, it
remains a practical problem to estimate what proportions
of fish which migrate upstream annually, return to the
lake at the end of the floods. There is however, some
evidence showing that fry, spawned on the flood plains drift
with currents downstream into the lake (Abban, 1979).
Available literature on tropical savanna freshwater fish
communities, also indicate that generally, fish spawned
on the flood plains move to the lower reaches of such
seasonal rivers prior to the beginning of the dry period
(Lowe-McConnell, 1987). A human activity in the study
area which over the years could have greatly influenced
the genetic structure of fish populations, is fishing.
The fishing pressure exerted on the fish populations in
the Volta basin in Ghana has been overwhelming for many
years. The pressure on fishes in the study area involves
the gear used, methods deployed and intensity of fishing.
For example; the use of natural fish poisons to fish in
dry season pools was first recorded by Irvine
(1947). Although the practice has always been illegal,

poison-fishing has been suspected at a number of seasonal



11.

fishing sites in recent years (personal observation 1976
to 1983). Outside the Volta basin, wild populations
studied included fish from the river Densu, a coastal
river . and lake Bosomtwi (Figs. 1A and 1B). Lake Bosomtwi,
a crater lake, is perhaps the only natural lake in Ghana
with historical fishery importance. Located at 6° 30'N,
1°24'W in the forest zone of Ghana, it is almost circular
in shape (Fig. 1B) and considered to be meteoritic in
origin (Whyte, 1975). Whyte's work provides further details
of the lake's physical features. For the purpose of this
work, perhaps the most important characteristic of lake

Bosomtwi is that it has a self contained drainage (Fig. 1B).

Tributaries of the lake are small shallow streams
which originate as springs from the rocky hills enclosing
the lake. Thus fish populations of the lake are effectively
isolated from that of other waters. The earliest record
on fishes of lake Bosomtwi was made by Gunther (1902) when
she described a collection made by Mr. R.B.N. Walker.
Since then, there have been very few reports on the fishes
of this lake (see Whyte, 1975; Owusu-Frimpog (1987), and
references therein). These records indicate that cichlids,

especially Tilapiine (Tilapia busumana being very prominent),

constitute the major proportion of the lake's fish community.



Fig. 1B:

Drainage System of Lake Bosomtwi.
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2.2 Fishes Studied:

Fishes are known to be the most primitive and
diversified group of vertebrates and contain numerous
taxonomic groups as may be expected. All fishes studied
belong to the class Osteichthys which constitute about
90% of all known fishes (Romer, 1950). They are also
all of the sub-class teleostei, which contain some 30,000
living species which makes it difficult to have a simple
definition to accurately encompass all teleosts (Romer,
1950, 1966). However, the teleosts are generally
characterised by showing bone patterns, presence of skull

with sutures, gill coverings and bony scales on their bodies.

Taxonomic literature of African, including West
African teleosts is reasonably extensive and continues to
be reviewed. For identification of materials studied here
I have relied mainly on the works (keys) of Trewavas and
Irvine (1947), Daget (1954), Roman (1966), Lowe-McConnell

(1972), Trewavas (1983), and Leveque and Paugy (1984).

These works, individually took account of earlier works.

Species investigated during this study are presented
in Table 1, which also indicates populations (rivers and
lakes) from which samples were derived. The table shows
sixteen species belonging to eight genera and four families.
All the species are clearly nominated fishes widely known
to freshwater fish systematists and biologists, although
tropical freshwaters (as in the study area) are suspected

to have species yet unknown (Lowe-McConnell, 1972). The
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15.

fishes also are all of economic importance as food and
are familiar to consumers in perhaps all regions in Africa.

A few (Schilbeidae, Marcusenius and Tilapia species) are

also known to culturists and aquarium enthusiasts outside
the endemic tropical regions. They therefore require

only functional introductions here to specify them.

Figures 2 to 5 show diagramatic representations of
the fishes together with their taxonomic diagnostic features

as indicated by previous workers.



Fig. 2: Family Mormyridae

Marcusenius senegalensis (Steindachner, 1870).

Synonyms: Gnathonemus gracilis (Pellegrin, 1922).

Gnathonemus gambiensis (Svensson, 1933).

Gnathonemus elongatus (Pfaff, 1933).

Specific features: Dorsal 22-31 rays; Anal 28-38 rays;
Lateral line scales 57-78; Number of

scales around caudal peduncle 12.

From Leveque and Paugy, 1984, pp.73-74.



Fig. 2: Family: Mormyridae.

Species: Marcusenius senegalensis.




Figure 3: Family Schilbeidae

(1)

(ii)

Schilbe mystus (Linnaeus, 1762).

Only species of genus in West Africa.
Specific features: No adipose fin. Dorsal
fin 5-6 branched rays. Pectoral fin 9-11
branched rays; pelvic 6 branched rays;

Anal fin 45-65 branched rays.

Siluranodon auritus (Geoffroy Saint Hilaire, 1827).

Only species in genus Siluranodon (Bleeker, 1858).
Specific features: No adipose fin. Dorsal no
spine; 5 branched rays; pectoral 9-10 rays:

Anal fin 67-87 rays.

(iii)Eutropius niloticus (Ruppel, 1820).

(iv)

Synonyms: Eutropius altipinnis (Steindachner, 1894).

Barbus adansoni (Cuvier and Valenciennes,
1839).

Eutropius liberiensis (Hubrecht, 1881).

Specific features: Adipose fin present. Dorsal 6
rays; pectoral 8-11 rays; pelvic 5 rays; Anal
47-62 rays.

Eutropius mandibularis (Gunther, 1865).

Synonym: Eutropius mentalis (Boulenger, 1901).

Specific features: Pectoral 8-12 rays.

Anal 39-70 rays.

(Diagrams from Leveque and Paugy, 1984, pp. 205-215).
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Figure 3: Family Schilbeidae.

i) Schilbe mystus

ii) €4luranodon auritus

iii) Eutropius niloticus

\—_—-_____‘

)

iv) Futrorius mandibularis




Figure 4: Family Bagridae.

(i) Chrysichthys nigrodigitatus (Lacepede, 1803).

Specific features: Prominent‘snout. Dorsal fin
6 branched rays, the 2nd or 3rd being longest.
Caudal fin deeply forked with a narrow black

edge. Anal 7-9 rays.

(ii) Chrysichthys auratus (Geoffroy Saint Hilaire, 1809).

Specific features: Dorsal 6 branched rays, the
first prolonged into a filament. Snout rounded.
Anal 6-8 rays. Caudal fin forked with upper lobe

longer.

(Diagrams from Leveque and Paugy, 1984).



i)

ii)

Figure 4: Family Badridae

Chrysichthys nigrodigitatus

C. auratus

18.



Figure 5: Family Cichlidae (Representatives)

(1)

(ii)

Oreochromis niloticus (Linnaeus).

Dorsal XVI-XVIII, 12-13; Gill rakers
(lower) 19-26. Anal III, 8-10.
Pectoral 15.

Lateral line scales 31-35.

Sarotherodon  melanotheron (Ruppel).

Dorsal XIV-XVI, 10-12; Gill rakers
(lower) 12-17). Anal XV - 9;
Pectoral 14.

Lateral line scales 27-29

(Diagrams from Trewavas, 1983).



Figure 5:

Family Cichlidae

i) Oreochromis niloticus

19.
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2.3 Methods:

2.3.1 Fish Sampling:

As earlier indicated, fishes studied were repre-
sentatives of freshwater populations from mainly Ghana,
West Africa. Table 1 shows the sources of the species
and stocks. It also shows sources and origins of fish

obtained from outside the main study area.

To obtain the fish from Ghana, a three month sampling
trip was undertaken from Swansea, U.K. during June, July
and August, 1986. The period was chosen to coincide with
the annual migration of most species from the Volta lake
upstream to the tributary rivers. It was anticipated that
the timing would provide some advantages, among them,
an increased probability of obtaining a desired species
from more than one locality and thus increase the sampling
area. It was also considered that less effort would
generally be required to yield results. The period, being
part of the major fishing season in the basin, the availa-
bility of local fishermen could be assumed for their help
and advice. However, the situation (river hydrology)
demanded parts of the basin (often more than 500 km. apart)
to be sampled during very limited period. This was because the
Schilbeidae, for example, were more available within the initial
three weeks of the wet season in the Volta basin, as described
earlier. The problem becomes clear if it is considered that all

fish had to be obtained live and needed some understanding
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of fish-life to 'hold' for a nuﬁber of days prior to
transportation to base. The impossible situation

was reasonably solved with the help of staff of the
Institute of Aquatic Biology, Accra, and other pfofessional

colleagues.

Fishing gear used were basket traps, seine and cast
nets. All had the advantage of trapping fish live and
allowed fish to be removed with minimum risk of causing
wounds or loosing scales. Occasionally when fishing was
done in deep waters (more than 3 m) gill nets were deployed.
On such occasions the nets were constantly inspected to
remove fish trapped before they struggled to death. Fish
caught were held in a variety of temporary facilities
prior to their transportation in insulated boxes with water
to any of three bases previously set up. The bases were

established at Accra, Tamale and Kumasi (Fig. 1A).

At any of the bases, fish were finally killed and
immediately stored at -30 to -40°C in individually labelled
plastic bags. At the end of the sampling period, fish
(frozen) were tightly packed in insulated boxes and flown
from Accra to London, from where they were immediately
transported with dry ice to the study laboratory in Swansea.
In Swansea, all samples were stored as previously stated
prior to study. 2ll fish from Stirlinq’ Scotland and
the Ivory Coast, West Africa were received as fresh frozen
tissue and were stored under similar conditions as the

main sample from Ghana.
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Three main approaches were used to study samples.
These were morphological and meristic measurements,
starch gel electrophoresis for screening of specific
muscle enzymatic proteins and thin-layer polyacrylamide
gel isocelectric focusing of general proteins from muscle

and the eye lens tissues.

2.3.2 Body proportions and meristic measurements:

Figures 6A and 6B show demarcations of various body
parts measured in all fishes. A pair of calipers with
0.1 mm graduations, magnifying glass and a binocular

microscope were the major tools for the measurements.

a) Standard Length (SL): is the length from the
anterior end of the upper lip to the base of the
caudal fin. The base of the caudal fin being the

line along which the vertebrae ends.

b) Body Depth (BD): is the greatest depth of the body
excluding fins. For each species studied, a
preliminary inspection of a number of fish helped
to decide from the base of which dorsal fin ray the

measurement was to be made for consistency.

c) Head Length (HL): This is measured from the anterior
edge of the upper lip to the most posterior end of

the bony operculum.

d) Snout Length (Sn.): Measured from the edge of the

orbit to the anterior tip of the upper lip.



Figure 6(A & B): Demarcations of fish body parts

(measured).
Legend
S.L. = Standard length.
H.L. - = Head length
Sn. = Snout length
Sn.-D. = Snout length to dorsal fin.
Sn.-2d. = Snout to adipose fin.
D.-Ad. = Dorsal fin to adipose fin.
B.D. ' = Body length.
An.Ba. = Anal base length.
E.D. = Eye diameter (Horizontal).
C.L. = Caudal peduncle length.
C.W. = Caudal peduncle width.
I.A.Sp. = First Anal Spine.

I.D.Sp. = First Dorsal Spine.



Figure 6A: Demarcations of main body parts.

Figure 6B:

23.



e)

£)

g)

h)
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Eye Diameter (ED): The diameter of the iris

horizontally.

Interorbital Width (Intob. W): Is the leas£ width
of the roof of the skull between the eyes with the

calipers pressing lightly on the skinny orbit.

Caudal Peduncle Length (C.L.): The peduncle length
is the horizontal distance from the base of the

dorsal fin to the caudal base.

Caudal Peduncle Depth (C.W.): Is the least vertical

width of the caudal peduncle.

Meristic counts:

a)

b)

Lateral Line Scales: These were counted from the end
of the skull to the base of the caudal fin. 1In the
Cichlids however, there is an upper and a lower
lateral line series, both incomplete (Fig. 6B). The
total is a total count of the upper series and the
lower starting with the scale downwards obliquely
from the last of the upper series. This may often
have one more than the mid-lateral line series of

other species.

Fin-Ray Counts: The notation used is that usually
adopted by fish workers:- the number of spinous
(unbranched) rays indicated in roman numerals while
branched rays numbers are written in arabic numerals.
The last dorsal or anal ray, which usually has no

skeletal support is counted if it is distinct to the base.
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Gill Raker Count: The rakers counted are the outer

series of the first (anterior) gill arch. To obtain
accurate counts, the gill arch was dissected out as

completely as possible, cleaned under water using a

camel hairbrush or tissue paper held by forceps,

and the rakers counted under the microscope.
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2.3.3 Starch Gel Electrophoresis and Analysis of
Electrophoretic Data:

The general procedure adopted here was described as
the zymogram technique by Hunter & Markert (1957) and as
horizontal starch gel electrophoresis by other workers
such as Smithies (1955), Beckman & Johnson (1964) and Ward
& Beardmorxe (1977). For convenience, the procedure is
described here in four stages: viz., (i) Preparation of
'starch gel. (ii) Sample(s) preparation and application
to gel. (iii) Running of gel. (iv) Slicing and staining of

gel for specific enzyme activity.

Preparation of Gel:- For a single gel (12.5%) 27 g

of connaught starch was mixed with 220 mls of appro-
priate buffer solution (Table 2) in a Buchner flask.
With constant rotation of the flask the mixture was
heated to an almost translucent gelly state, quickly
degassed using a vacuum water pump and poured into a
Shandon starch former. The gel, covered with a glass
plate, was allowed to set and cool overnight. Gels
were cooled in a refrigerator prior to the application

of samples to them.

Sample Preparation and Application:- As a general
rule samples used in gel electrophoresis are homo-
genates of tissue, otherwise blood may be used.
Frozen fish muscle was the tissue used in the present
study. Small pieces of tissue were removed from fish

into separate 0.5 cm diameter wells sunk into a perspex
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Table 2: Proteins Investigated.
Voltage (V)
ENZYME Abbreviation and and
(Protein) . EC No. Buffer Time

Adenosine deaminase ADA 3.5.4.4 CTC 200V; 4%h.
Alcohol dehydrogenase ADH 1.1.1.1. CTC "
Aminopeptidase AP - cTC "
Creatine phosphokinase CK 2.7.3.2. TEB "
Esterases EST 3.1.1.1; Paulik 300V; 3h.

3.1.1.2;

3.1,1.6;

3.1.1.7;

3.1.1.8;

3.1.1.10
Fumarase FUM 4.2.1.2, CTC 200V; 4%h.
Alpha glycerophosphate dehydrogenase aGPDH 1.1.1.8. TEB "
Glucose-6-phosphate dehydrogenase 6GPDH 1.1.1.49 TEB "
Hexokinase HEX or 2.7.1.1. TEB "

HK

Isocitrate dehydrogenase IDH 1.1.1.42. CTC "
Leucine aminopeptidase LAP 3.4.1.1.1. Paulik 300v; 3h.
Lactate dehydrogenase LDH 1.1.1.27. CTC 200V; 4%h.
Malate dehydrogenase MDH 1.1.1.37. CTC "
Malic enzyme ME 1.1.1.40. CTC "
Phosphomannose isomerase MPI 5.3.1.8. cTC "
Octanol dehydrogenase ODH 1.1.1.1, CTC "
6-Phosphogluconate dehydrogenase 6PGDH 1.1.1.43. TEB "
Peptidase PEP 3.4-11.1. CTC "
Phosphogluconate isomerase PGI 3.5.1.9. cTC "
Phosphoglucomutase PGM 2.7.5.1. CTC »
Sotbital dehydrogenase SDH 1.1.1.14. CTC "
Superoxide dismutase SOD 1.15.1.1. CTC "
Xantanime dehydrogenase XDH 1.2.3.2, CTC "
CTC Continuous Tris-Citrate,pH 8.0 (wWward and Beardmore, 1977).
TEB Continuous Tris-gpTA -Borate,pH 8.5 (Shaw and Prasad, 1970).
Paulik Discontinuous Tris-Citrate, pH 8.2 (Electrode

pPH 8.7 (Gel buffer) (Ward and Beardmore, 1977)
EC No. Enzyme Commission Number.
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block and moistened with distilled water. Samples
were manually ground with a glass rod into crude
homogenates (diluted with distilled water as
appropriate). Into the homogenates, strips of
Whatman No. 3 filter paper (about 8 x 3 mm) were

inserted to absorb tissue homogenate.

To apply samples (on filter paper) to gel, a part
of the gel was cut to provide an inner surface on which
samples were arranged. The cut part of the gel was then
pushed into place, putting the samples between the two
parts of the gel. A spacer was pushed into the gel former
together with gel to ensure very close contact of samples

to gel.

Running of Gel:- The gel, with samples arranged on
it, was placed in a Shandon electrophoretic bath with
appropriate buffer (Table 2). Gauze wicks soaked in
the buffer were applied to both ends of the gel to
permit even flow of current through gel during the
procedure. The gel was then covered with polythene
on which an ice tray was placed. Both the cover and
tray of ice were used to minimise evaporation from
and shrinkage of gel as a result of heating when the
current is applied. The unit (i.e. - bath with
electrode buffer connected to both ends of gel, gel
covered with polythene and cooled by ice) was put in

a fefrigerator, leads connected from a power pack to
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the tray and the gel ‘run' using the appropriate

voltage and time (Table 2).

Slicing and Staining:- After running, a gel

was sliced horizontally into three or four slices
and the inner cut surface stained for specific
enzyme activity. To stain for an enzyme a slice
of gel is incubated with an appropriate staining
mixture (Appendix 1) until distinct bands become

visible on the gel.

A staining mixture produces bands on the general
principle that a substrate (in the mixture) forms a
colourless product with the enzyme (in gel from the
tissue sample). The initial product then couples with
a salt (also in the mixture) giving out coloured bands
at positions where the enzyme being stained for had

nmigrated to during the running of gel.

Enzyme + Substrate -+ Colourless Product + Salt -+ Coloured

(from (provided (Intermediate) (in Product
specimen) in , mixture)
mixture)

Where the intermediate or final product is soluble,
agar is used in the staining mixture to help confine the

product to the site of enzyme activity.
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The basis of the use of the electrophoretic approach
in species and genera-level systematics is that, in almost
all cases where sufficient proteins have been examined in
a species, species-specific patterns have been identified.
Secondly, the more closely related species are, the greater
is the similarity in their electrophoretic patterns and the
electropherograms resulting are likely to be closely
similar only if they are derived from genetically similar
organisms (Ferguson, 1980). To determine degrees of
similarity between specimens studied, the number and relative
mobilities of bands produced at individual loci were obtained.
To measure homologies of bands on different gels, specimens
of known mobilities in relation to others were included on

new gels.

From the bands made at each locus allelic frequencies

were estimated by the formula :

(2Hom + Het) /2N (Ferguson, 1980).
Where Hom = number of homozygotes for an allele.
Het = number of heterozygotes for the allele.
N = number of individuals screened.

Heterozygosity: Observed heterozygosity (Ho) at a
locus was the fraction of heterozygous individuals. Estimates
of expected heterozygosity (He) per locus according to Hardy-
Weinberg, was estimated by the formula :

He = 1 -~ ZX? (Ferguson, 1980)
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th allele at a locus.

Where Xi is the frequency of the i
Mean heterozygosity of a population was estimated as the
sum of Ho or He over all loci divided by the total number

of loci examined.

Genetic Identity (I): The definition of genetic

identity for a locus is given by Nei (1972) as:

2

_ 2
I = ZXiYi/ J(zxi ZYi).

th .1lele

Where Xi and Yi represent the frequencies of the i
in populations X and Y, respectively. For all loci, the
overall or mean genetic identity (I) of a population was

estimated by the formula:
ZIk/n (Hillis, 1984)
Where I, is the genetic identity at the kth locus; and

n, the number of loci screened.

Genetic Distance (D):

Having obtained the I values for various groups or
units, the genetic distance between pairs of populations

was estimated by :
D = -InIorbD-= -logeI (Nei, 1971)

Where I is the identity between two taxonomic units. The
approximate formula for the estimation of standard error of
D (SD) given by Nei (1971), as :

s, = ((1-1)/(m)*

Where n is the number of loci examined, as adopted here.
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2.3.4 1Isoelectric Focusing of Proteins in Thin-Layer
Polyacrylamide Gel (IFPAG):

Soluble general proteins from skeletal muscle and eye
lens tissues of fish were subjected to the IFPAG technique
to provide complimentary taxonomic data to the morphological,
meristic and conventional electrophoretic approaches used.
Equipments, sample preparation and general procedure for IFPAG

are given below, and the sequence of experimental activity
in Appendix I.

Equipment and materials used, with the major exception
of specimens subjected to the technique, were obtained
directly from manufacturers and are listed below. Solutions
used were prepared according to LKB manual instructions
except the buffer, which was obtained from manufacturers

(LKB) .

Materials and Equipment:

1. An electrophoresis unit with cooling plate ('Multiphor’
base unit - LKB instruments 2117-301.

2. A regular power supply unit - LKB-2103.

3. A regular chiller thermocirculator - Conair Churchil
02/CTCV.

4, A refrigerated centrifuge - Beckman J-21.

5. A digital pH meter - Beckman 4500.

6. A flat bulb combination electrode - Beckman 39507.

7. A laser beam densitometer - Ultroscan, LKB 2202.

8. A recording intergrator - Hewlett-Packard, HP3390 A.

9. Thin-Layer Polyacrylamide gels for isoelectric focusing
pH range 3.5 to 9.3 - LKB.

10. Ampholine (A) PAG plate - LKB 1804.
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Solutions:

Electrodes (a) 1 M Sodium hydroxide for cathode.

(b) 1 M O-phosphoric acid for anode.

Fixing Solution: 17.3 g Sulphosalicylic acid.
57.5 g Tricloroacetic acid in

500 ml distilled water.

Staining Solution: 0.460 g Coomassie brilliant blue (R250)

in 400 ml destaining solution.

Destaining Solution: 500 ml ethyl alcohol, 80 ml acetic acid

in 1 litre distilled water.

Preserving Solution: 50 ml glycerol in 500 ml of destaining

solution.

Buffer Solution: pPH 7 * 0.001 was obtained from ®eckman.

Preparation of Skeletal and Eye-Lens Proteins Samples:

Muscle Proteins: Approximately 0.3 to 0.5 g of white
skeletal muscle tissue was removed from each specimen into
a test tube. To each piece an equal weight of cold distilled
water was added and homogenised mechanically. Each sample
homogenate was centrifuged for 20 min. at 0°c. Super-
natants pipetted into individually labelled eppendorfs for
immediate use or storage at <=30°C until required for

focusing runs to be made.
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Eye Lens Proteins:

Whole eye lenses were dissected from their surrounding
tissue, washed in cold distilled water, blotted and homo-
genised individually in 10 X the weight of each lens of
cold distilled water. Homogenates were centrifuged for 30
min. at 2°c. To each sample supernatant 2.5 x its volume
of cold revanol solution (2-ethoxy-6,7-diaminocridine lactate)
was added to precipitate suspended material which might
smear gels otherwise. The mixture was shaken, then allowed
to settle by standing in a refrigerator overnight before

use or storage at <-30°cC.

Iscelectric focusing procedure:

The specimen extracts were isoelectric focused on thin
layer polyacrylamide gels using the LKB 2117 Multiphor
(LKB-Productor AB). Detailed instructions for using the
Multiphor equipment are provided in LKB instruction manual
1-2117-E01 - a copy of which, together with step by step
instructions of the total focusing methodology accompanies
every package of gels from LKB. The procedure is reproduced

in Appendix 1.

Experimental Conditions:

Conditions operative during the present study were as
follows :

Constant power 20w

Maximum voltage 1500 Vv

Maximum current 50 MA



Constant temperature at (a) Cooler, 2°c
plate 5°¢.

Total focusing time - 2 h.

* % k % * % % % %

35.

(b) at gel
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CHAPTER 3

SPECIES TAXONOMY

3.1 General Introduction:

Species taxonomy and classification of most tropical
fishes, including those of the study area, are currently
based on the morphological attributes of the fishes
concerned. However, it has long been acknowledged that
populations of organisms, often in the process of adapting
to local habitats, acquire some morphological modifications
(Merrell, 1981, pp. 278-356). The recognition of intra-
specific variability of taxonomic characters has ensured
that in the comparison of populations, several individuals
of each population are measured, to assess both the
plasticity of a trait within a species as well as the possiblé

identity of separate populations.

In several species however, the apparent discreteness
or limited plasticity within populations in relation to
others has lead ichthyologists to rank populations as 'sub-
species' or even new species in a few cases. Classic
examples of such ranking, which has been contended by other

workers, can be seen in populations of the European Char,

genus Salvelinus (L) and the Shad, Allosa fallox (Lacepede)
(Frost, 1965; O'Maoileidgh, et al., 1988). Lowe-McConnell
(1972) indicated that the African elephant-nose fish,

Marcusenius senecalensis, was so widespread that the limited
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plasticity of certain meristic features in some populations
have lead to the ranking of some populations as sub-species.

Then among the tilapiine fishes (genera Oreochromis, Saro-

therodon and Tilapia), the extensive distribution of fish
with its attendant local modifications in features essential
for the identification of species, has been mentioned by
many workers (e.g. Fryer and Iles, 1972; Trewavas, 1983;
McAndrew and Majumdar, 1983; Pullin, 1985). For example,
Trewavas (1983, pp. 515-520) questioned whether members of

a series of brackish water populations of Sarotherodon along

the West African coast should be recognised as species or
sub-species. She regarded them as sub-species of

S. melanotheron but Thys (1971) considered the 'populations'

as species.

Irrespective of the basis for the upgrading of a population
to the rank of sub-species, Mayr (1969) considered the term
'sub-species' as fallacious. He maintained that a 'sub-
species' was merely an aggregate of phenotypically similar
populations of a species inhabiting a sub-division of the
geographic range of the species, and differing in some
morphometric characters from other populations. Mayr (1969)
therefore suggested that the term population be replaced
by "local population" to refer to a community of inter-
breeding individuals at a given locality. Mayr has been
supported by McFarland et al.(1985) who stated that a population
of animals must accumulate numerous small genetic differences
before it can become reproductively isolated and ecologically

different from the original population.
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It is apparent from the above that morphological
taxonomy acknowledges intraspecific variation. However,
whether an observed morphological difference between
populations is genetically controlled or not needs the
application of other techniques of study. Electro-
phoretic analysis of protein variation provides a reliable
means of assessing genetic differences between populations
(Merrell, 1981, pp. 278-356; Ferguson, 1980, pp. 47;
Thorpe, 1983). The usefulness of the electrophoretic
approach to species taxonomy rests on three basic properties
of the technique. Firstly, the technique is sufficiently
rapid to examine many specimens in a relatively short time.
Secondly, it is sensitive enough to detect small intra-
species differences or variation that could be of taxonomic
importance. Thirdly, and most importantly, although electro-
phoretic protein patterns in organisms could be influenced
by age, sex, physiological condition and environment, these
changes are mostly gquantitative in nature. That is, the
amount of a protein rather than its mobility alters.
Generally, changes in mobility have been assumed to have
genetic causes (Nei, 1972) because for some enzyme loci,
kinetic or some functional differences between isozymes
have been demonstrated (Zouros et al., 1982; Powers et al.,

1979). However, exceptions to the general trend of thought
have been reported where no functional differences between

isozymes could be found (Kimura, 1983; Selander and
Whittman, 1983).For taxonomic purposes however, only

mobility or qualitative differences are of value.
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In the present study, meristic counts on individuals
from different populations and the plasticity (range) of
certain traits within populations are presented and
discussed in relation to populations of the same species
from different environments, as reported by previous
workers. Also, protein characteristics (patterns) of
species, considered as distinguishing elements, have been
assessed with the intention of identifying taxonomically
important proteins for the detection of cogeneric species

or confamilial genera, where applicable.

In setting out distinguishing characters of a species
in relation to others, the main objective has been to
facilitate the ultimate separation of a species from its
close relatives. In addition the comparison of morpho-
logical characters within populations of the same species
can provide further insight into the plasticity of phenotypié

characters in different habitats.

It is hoped therefore, that at the end of this chapter
the relative stability of morphological and electrophoretic

approaches to the taxonomy of species, can be evaluated.
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3.2 Morphological Taxonomy:

3.2.1 Family Mormyridae, species Marcusenius senegalensis:

Introduction:

The mormyridae (elephant-nose fishes) are one of the
big fish families endemic to Africa. Eleven widely
distributed genera of the family have been described from
W. Africa, with body structures ranging from very long to
very short, all with very small scales. The most recent
thorough review of the taxonomy and systematics of the
family was reported by Taverne (1972). Leveque and Paugy
(1984) adopted Taverne's work with some simplification of

key to species identification for the field biologist.

The genus Marcusenius has six species described from

W. Africa and they are distinguished from each other primarily
on the basis of morphology and counts of lateral line scales
together with counts of the anal and dorsal fin rays.

However, the species, all prefering calm waters, are so

widely distributed that the apparent influence of different
ecologies on the critical meristic characteristics (Lowe-
McConnell, 1972) might be the major problem in felation to -

the current taxonomic keys to species.

Distinguishing M. senegalensis from other members of

the genus (see Leveque and Paugy, 1984) has in the past,
relied on morphological attributes of the species. These
include four meristic characters, viz.: Number of branched
dorsal and anal fin rays, scales along the lateral line and

number of scales around the caudal peduncle.
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Results and Discussion:

Counts of these meristic characters on individuals
in population samples from the rivers Oti and Pru (both
in the Volta basin of Ghana) are presented in Appendix 2
Table A. The observed range and frequency distribution
.of the characters are presented in Table 3 below. The
table also shows the ranges recorded by previous workers in

the West African region.

Generally, the observations made on the diagnostic

meristic characters of M. senegalensis were compatible with

previous reports (Roman, 1966; Lowe-McConnell, 1972;

Leveque and Paugy, 1984). The number of scales around

the caudal peduncle in all reports, including this study,

was twelve (12), thus showing no variation within or between
populations of the species. Each of the other three meristic
features showed variation within and between the two sub-
populations studied here. However, the variation in range

of a character between the 'populations' investigated,
considered in the light of available literature did not
suggest a morphological distinction between the populations

studied.

The results presented here and previously reported
counts of the meristic features (Table 3) showed clearly
that the species exhibited considerable 'localised' morpho-
logical modifications or variations. This observation
could be deduced from the fact that for all the meristic

features considered, Leveque and Paugy (1984), whose analysis
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involved material from the whole of West Africa, showed

the widest range of character states. Although considerable
overlapping of ranges of character states is recorded here
and in previous works, the limitation of range in relation
to area sampled was evident. Lowe-McConnell (1972) noted
the species was so widely distributed that sub-species were
recognisable. Her observation could be attributed to

localised morphological modifications.

The observation that localised variation in the
morphology of the species may be associated with different
river basins is applicable here. The rangeé of meristic
characters in this study were more compatible with results
of Roman (1966) than to Lowe-McConnell (1972) and Leveque
and Paugy (1984). This could have been anticipated since
Roman's study material originated only from the northern
parts of the Volta basin from which the present study
material was collected. The study material of Lowe-
McConnell and Leveque and Paugy both included material from

other river basins in the region.

Allozyme study (electrophoretic patterns or electro-
morphs) of the same individuals which showed the morpho-
logical variation recorded in Table 3, showed that the two
'sub-populations' were, genetically, very similar and part
of the same gehe pool. More significantly, all specimens
(total 27) were fixed for the same allele at 27 gene loci
screened (Table 3.1 Appendix 3 ). Such a level of genetic

monomorphism of proteins is outstanding on its own. To be
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observed in a species which shows so much localised
morphological variation was even more outstanding and
will be fully discussed in an appropriate part of this
work. Tentatively, it could be said that these results
suggest that electrophoretic identification is more
reliable in the identification of populations of this

species.

3.2.2 Family Schilbeidae, species:Schilbe mystus, Eutropius
niloticus, E. mandibularis, Siluranodon auritus:

Introduction:

The Schilbeids are one of eight siluriform catfishes
of Africa with representatives in Asia. The family currently

contains eight recognised genera, inéluding Schilbe, Eutropius

and Siluranodon, each of which is represented by a single

species (Schilbe mystus, Eutropius niloticus and Siluranodon

auritus) in the Volta basin of Ghana (De Vos and Leveque,
1983; Leveque and Paugy, 1984). The taxonomy and systematics
of family members have always been morphologically based.
A current review of the Schilbeidae which started in 1979
is based on morphology, osteology and zoogeography of the

fishes involved.

Schilbe mystus and Eutropius species, which are the

most robust and widely distributed members of the family
(Bell-Cross, 1976), are also the most similar morphologically.
Prior to the publication of De Vos' (1984) interim review

report, Schilbe mystus had always been distinguished from

species of Eutropius by the absence of an adipose fin on

the dorsal tail end which is present in Eutropius.
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De Vos (1984) reported the presence of the adipose
fin on three specimens of S. mystus he found among
specimens in two European musea (M.R.AC; Tervurem in Belgium
and MNHN, Paris). Then he referred to the apparent lack
of consistency in the size of the adipose fin on some

Eutropius species, especially E. depressirostris (Peters,

1852) described from South and Southern African rivers.

On the basis of these observations, De Vos (1984) suggested
that the adipose fin might be a transitional feature and
could therefore not be used to separate Eutropius and Schilbe
into two genera. He has therefore suggested the creation

of a new broad genus, Schilbe-Eutropius, under which the

present genera would have the ranks of sub-genera.

Before De Vos' proposal however, the exceptional

resemblances between S. mystus and E. depressirostris, had

puzzled other workers. For example, Bell-Cross (1976, p.

164), for a description of E. depressirostris, simply wrote

"As for Schilbe mystus, but with a small adipose fin which

varies from a recognizable adipose". However, he also

indicated that E. depressirostris appeared to be closely

related to E. niloticus from the Nile, Chad and river

basins in W. Africa. Jubb (1957, pers. comm. to Trewavas)

in addition to the general similarities between E. depressi-

rostris and S. mystus indicated that anal fin ray counts of

E. depressirostris and S. mystus from different water basins

suggest E. depressirostris may be grouped together with

S. mystus at species level.
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Species involved in the present study were Schilbe

mystus, Eutropius niloticus, E. mandibularis and Siluranodon

auritus. (E. mandibularis was available as tissue samples

thus no morphological measurement on the fish is provided

here.)

The morphological features on which the identification
of various ranks of the family have been based, include
meristic attributes of the fishes. The major meristic
features on which previous workers (e.g. Daget and Iltis,
1965; Roman, 1966; Lowe-McConnell, 1972; Leveque and
Herbinet, 1979-80; Reizer et al., 1980; Leveque and Paugy,
1984) have relied on are: numbers of spinous (unbranched)
and branched rays of the dorsal, pectoral, pelvic and anal
fins. Also the number of gill rakers on the upper part of

the first gill arch has often been used to identify species.

Results and Discussion:

In this study these meristic characters were studied
in three of the four species mentioned above. Counts made
on individual fishes together with other morphological
measurements are presented in Appendix 2, Table B(i), B(ii),

and B(iii), for Schilbe mystus, Eutropius niloticus and

Siluranodon auritus respectively.

The range and frequency distribution of meristic
characters which showed variation between or within the
three representatives of the family are presented in Table 4.
The table also shows reported ranges of various character

states.



47.

“(9961) uewod = G {(ZL6T) TTPUUODDWN-IMCT = ¥
£(yg61) Abned pue onboaa1 = ¢ ! (0861-6L61) 3ID2UTQISH pue anbansl = z  {(0861) °"Te 32 I9zyay = [ :°'sFay
T U 1 ¢ 1 1 z 1 (110 sn3jane s
*a7qeTTeAY 30N T ¢ 21 8 T (82) smoyaoryu ‘q
€. 6T 9 1 1 (92) sn3siu ‘s
6L 8L LL 9L SL ¥L €L L TL OL 69 LT 9T ST I €1 U 11 01
"Yyoay 11D 3ISITJ JOo 3Ied I1addpn uo saaxey TTTID JO °ON
SL-69 L8-L9 S ¢ 4 ¢ § 01 g ¢ 1 (92) sn3tIne °S
LS-€S 69-%S Z9-Lb 19-8% T 1T 7z 1 ¢ L ¥ € T T (87) SWOTIOTTU "F
29-8b S9-v¥ ¥9-b¥ T9-0S 1 2 z s v 1 v £ ¢ 1 (92) sn3skw °s
6L 8L LL 9L SL YL €L TL TL OL 69 89 L9 99 T9 09 65 8S LS 95 S5 ¥S €5 ¢S 1S
*sfex utjy 1euy payouexdg JO °*ON
ot 01-6 Lz (L2) sn3tIne ‘s
11-8 8¢ (8¢) SNOTIOTTU -d
11-6 9 0z (92) sn3skw s
11 0t 6
*sfex payoueag TeI03d3ad JO °*ON
9z 9z (92) snatine °s
9T 82 (82) sndT3OTTU ‘3
9+I 9T 9-6*I 9-1  9-1 vz z 9z (92) sn3siu ‘s
S b € 2 1 9 S 1 0 N
(*ON °*39d) SoFTpnis sSnoraaag *sfex 1esiog payoueag {sfex Tesaxog payoueaqun °*ON

*sSI330eIey) OF3ISTISW FO uOTINQTIISTA Aouanbaag

*sSn3jane uopoueaniys pue sndf3oltu snydoazng

‘sn3sfw aqTTYos - sajoads °"aepyaqlTyos - ATrweq

1y o1qed



48,

The counts and range of characters' states presently
recorded were comparable with previous reports (see Table 4).
It was again evident from all available information that
individual character ranges' reported by different workers
were not the same. This was more evident where within-
species variation in character state occurred (Table 4).

The discrepancies and overlapping of rangés stated by
various workers, coupled with the widest range for all
characters being recorded by Leveque and Paugy (1984), was
a reflection of the situation discussed earlier in relation

to Marcusenius senepalensis.

Taxonomic value assessment of the meristic features
studied showed that the meristic characters could be grouped
into three. First, there were the characters which showed
neither within nor between species (and genera) variation,
thus having no taxonomic value with respect to the material
studied. These were the unbranched pectoral fin rays -
one in all material studied; and the unbranched and branched
pelvic fin rays, which were one and five respectively in

all fishes.

Second, there was for example, the dorsal branched,
unbranched, and the branched pectoral fin rays which showed
no or very limited variability within species, but varied
distinctly between the species studied. These, considered
in the light of published literature (Table 4) were
considered taxonomically important in relation to congeneric

species.
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3.2.3 Family Bagridae, genus Chrysichthys, C. nigro-
digitatus, C. auratus:

The genus Chrvsichthvs, two species of which have

been studied here, belong to the family bagridae which,
like the schilbeids, are siluriform cat fishes represented

in Africa and Asia. Seven species of Chrysichthys have

been described from W. Africa, four from Ghana, the
present study area (Irvine, 1947; Daget, 1954;
Roman, 1966; Lowe-McConnell, 1972; Leveque and Paugy,

1984).

Keys for the identification of species provided by
the above works are based on morphology and meristics and
body attributes of fishes. The keys broadly agrée with
one another. However, in the latest of these works
(i.e. Leveque and Paugy, 1984), which took into account
all previous works, it was indicated that their key was
provisional, They also mentioned that a review of the

taxonomy of Chrysichthys had been initiated. I have taken

these comments to imply that at the time they went to
press, Leveque and Paugy may have had some reservations

on available keys but preferred to await the outcome of

the current review.

Results and Discussion:

Measurements of various body parts and counts of
meristic characters of individual fish of the two species
studied here are shown in Appendix 2, Table C(i) and C(ii).

The frequency distribution of meristic characters, which
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showed within and between species variability (branched
anal fin rays and gill rakers' number) are shown in
Table 5 below. The table also shows counts recorded by

previous workers on West African populations of the species.

The rayed dorsal and pelvic fins in both C. auratus

and C. nigrodigitatus were consistently invariable within

or between species (D.II-6 P.I-5.).

The invariable states of the dorsal and pelvic fin
rays were consistent with previous reports (Roman, 1966;
Lowe-McConnell, 1972). The recorded range of variability
in the anal fin rays for both species were compatible
with previous records. However, it was noted that Roman
(1966, Table 5) recorded 'fixed' counts for anal fin rays
in both species. It was also noted that the lower and
upper limits of ranges reported by Lowe-McConnell (1972)
for the anal fin rays compared favourably to counts made
here. Both apparent discrepancies have been attributed
to the limited area of the Volta system sampled by Roman.
Inclusion of material from the Kainji basin with Volta
basin fish, by Lowe-McConnell (1972) and the fact that

C. nigrodigitatus studied here originated from a different

river basin (River Densu - Table 1), not sampled by the

two workers referred to above, are factors to be considered.
Lower gill-raker counts made here on C. auratus were
comparable with previous reports (Table 5). However, gill-

raker counts made by Roman on C. nigrodigitatus showed a

very great departure from the records of Lowe-McConnell,

which was comparable to the present results.
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3.2.4 Family Cichlidae - Oreochromis, Sarothorodon, Tilapia:

Introduction:

The cichlids studied here were species and populations:

of Tilapia, Sarotherodon and Oreochromis, all of which

were until recently recognised under a broad genus,
Tilapia (Trewavas, 1966a, b; Thys, 1966). As a group,
they have received more taxonomic attention than any
other tropical group of fishes, and are still conveniently
referred to as tilapias. 1In the broad Tilapia genus, Thys
recognised seven sub-genera on the basis of reproductive
habits. For similar reasons, Trewavas (1966c) grouped

all mouth brooding tilapias under Sarotherodon as a sub-

genus of Tilapia. She later gave the rank of genus to

the Sarotherodon (Trewavas, 1973a, 1980, 1982b). Still

later, Trewavas on the main basis of spawning and brooding

behaviour of the Sarotherodon, including roles played by

parents during brood development separated the Oreochromis

from amongst the original Sarotherodon genus and thus the

present classification (Trewavas, 1981b, 1982a,b).

Trewavas (1983) has gone further to suggest that the
tilapias be recognised as a tribe, tilapiine, until there
is a basis to recognise them as constituting a sub-family

under cichlidae.

However, the striking resemblances among the tilapias
with regard to their distribution and ecology, body shape,

skeletal structure, conventional morphometric characteristics,
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pigmentation and diet provide basis for other workers

to disagree with their classification according to Trewavas
(e.g. Thys, 1968b; Peters and Berns, 1982). This is

not surprising. With over 700 species known and more to
be described (Lowe-McConnell, 1987, pp.27-62), such a
species rich complex of very similarly structured fishes
can be expected to present controversy if their taxonomy

is to be based on morphometrics.

Electrophoresis application has resolved a number of
taxonomic issues among temperate fishes as indicated earlier.
Among tropical fish groups only the tilapias have been
subjected to electrophoresis to obtain interspecies and
intergeneric markers. Results obtained
prior to 1980 have been summarised by Avtalion (1982).
Kornfield et al. (1979) found no karyotype differences
among the tilapias. However, they obtained allozyme data
that indicated a close proximity between O. aureus and

S. galilaeus, with T. 2zillii more distant from both.

Perhaps the most extensive electrophoretic study of tilapias
to provide inter-species and generic markers prior to the
present work was that of McAndrew and Majumdar (1983).

They screened T. zillii, S. galilaeus and nine species of

Oreochromis at 23 enzyme loci from muscle, liver and eye

extracts. Their results provided significant allelic
differences between the genera, according to Trewavas

classification.



54,
Results of meristic, starch gel, electrophoresis
and isocelectric focusing of proteins are presented below

to contribute to the taxonomy of the species studied here.

Results and Discussion:

Species: Oreochromis niloticus; Sarotherodon galilaeus;

S. melanotheron; Tilapia busumana and T. zillii.

Morphometric and meristic measurements made on indi-
viduals of species and populations of the tilapia group
of fishes studied here are in Appendix 2, Table D (i.e.
D(i), D(ii), D(iii), and D(iv)). The frequency distribu-
tion of meristic characters are given in Tables 6a, 6b, 6c,
and 6d below. Table 6, also indicates previous obser-

vations by other workers.

Generally results obtained here were comparable with
previous estimates. Again available data indicate that
local populations may have some amount of specific modifi-
cations. However, the excessive movement of tilapia fishes
around the world and their potential to hybridize in the
wild (Trewavas, 1983; McAndrew and Majumdar, 1983;

Pullin, 1985) makes it difficult to discuss variation
between populations as 'localised variation'. Further
discussion of the morphological differentiation among the
tilapias can be seen in the general discussion of this

chapter, which follows.
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3.3 Discussion:

The results of body measurements and meristic counts
made for the purposes of identifying the species investi-
gated were generally comparable with previous studies
(see Tables 3, 4, 5 and 6). An assessment of the
plasticity of the meristic characteristics in all of
the species investigated, together with similar published
data on the species from the West African region (Daget,
1956; Roman, 1966; Lowe-McConnell, 1972; Trewavas,
1983; Leveque and Paugy, 1984), brings into focus a

number of issues.

Firstly, it was apparent from all available information
that the limits of plasticity of a character were not the
same in different river basins. For example, the range

of dorsal fin rays observed here for Marcusenius senegal-

ensis (from the Volta basin in Ghana) was 22 to 27.

Roman (1966), recorded a range of 24-28 based on material
from the Volta and other river systems in Upper Volta.
Lowe-McConnell (1972), on the basis of fish from the Volta
and Kainji lakes, recorded a range of 22-31. Leveque and
Paugy considered fish and records from the Volta, Niger,

Chad and other smaller river basins in the Ivory Coast.

It is possible that the upper limit of Lowe-McConnell's
range, compared to present results, can be accounted for
by the inclusion of fish from the Kainji lake (in the Niger
basin). The apparent inter-population variability may be

attributed to 'localised' adaptation to particular habitats.
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However, that would not help to demarcate habitats unless
the definition of 'local population' as defined by Mayr
(1981) is applied. Biologists interested in the fish
could however, be consoled by the fact that the extent

of overlapping is extensive and the modes of distribution
of character states are similar and stable in all the

populations referred to here.

The results also suggest that the taxonomic value
of investigations based on a particular population may

diminish with increasing physical distance. However,
between populations, geographic distance cannot always

be related directly to changes in ecology. As can be
seen from Tables 3, 4, 5 and 6, the widest range in the
expression of meristic characters was, in all cases,
recorded by Leveque and Paugy (1984), whose data was
based on fish from all worked basins in the West African
region. The discrepancies between their work and the
present study suggest that an investigation of the
influence of particular environments on meristic

characters may be useful.

This suggestion is supported by some classical
examples of the influence of environmental factors (which
might be ill-defined) on meristic characters. For example,
Frost (1965) in his report on the Windermere Char (Salvelinus
willughbii (Gunther)) populations, indicated that riverine
and lake populations of the fish, had statistically

different values in gill-raker counts. In a recent study
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of the Arctic Char, Salvelinus alpinus (L), Parttington

and Mills (1988 - in press) have indicated differences
in structure and counts of gill rakers between aﬁtumn
and spring spawned Char. O'Maocileidgh et al. (1988)
have drawn attention to the fact that two races of

freshwater shad (Alosa fallux) all derived from a marine

ancestor have an increased number of gill rakers compared

with the marine species.

Among tropical species, such noted differences between
populations have at best been referred to in relation to
the geographic position of populations rather than any
environmental differences. For example, Leveque and
Herbinet (1979-1980) described two populations of Schilbe
mystus in the Ivory Coast. The two populations, distin-
guished by the number (range) of branched anal fin rays
and the number of unjoined vertebrae occurred in the
northern and southern (coastal) portions of rivers. Con-
sidering that tropical rivers cannot effectively be zoned,
with respect to river characteristics or fauna composition
(Lowe-McConnell, 1987, pp. 3-23), it is here suggested,
that perhaps the influence of sea water on the lower reaches
of the rivers (sustained salinity differences) could
partially account for the differences observed by Leveque

and Herbinet.

Lowe-McConnell (1987) indicated that one of the basic
problems confronting the tropical freshwater fish biologist,

is often the morphological distinction of some sympatric
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species. This situation has often been attributed in

part to species richness of tropical communities. However,
under such conditions, the observation here that the wide
application of a taxonomic study, comparing one population
to other populations could diminish with increasing
distance could be very unwelcome. Yet the complexities

of fauna in the tropics may itself provide a consolation.
The impracticability of effective zonation of river courses
in the tropics effectively implies the duplication of
ecological conditions along a river course and in many
neighbouring rivers. The situation would then be expected
to result in 'homogenisation' of wide areas and thus
reduction of inter population differences attributable to
ecological differences in habitat. Many of the differences

seen would therefore have to be attributed to other causes.

3.4 Protein Taxonomy:

3.4.1 ©Specific Protein (Allozyme) Patterns:

Introduction to Results:

Observed specific protein (enzymes) and general
protein patterns of tissues, considered as expression of
taxonomic character states in species are presented below.
Specific protein patterns in groups of congeneric species
or confamilial genera (where appropriate) have been compared

at 27 or 28 skeletal muscle enzyme loci.

Figures 7a, 7b, and 7c show the specific protein
patterns observed after starch gel electrophoresis in the

schilbeidae, bagridae and cichlidae respectively. For
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species comparison, each gene locus was considered as a
taxonomic character and genotypes observed in individuals
of a species, as the 'range' of character expression

within the species.

In each of Figures 7a, 7b and 7c¢, two alleles and
one heterozygote type were assumed at any variable locus
as basic possible genotypes. A minumum of three genotypes
are therefore shown at each locus. For uniformity in
presentation, even where a locus was monomorphic, three
representatives have been shown (e.g. at Adh=-2 in Fig. 7a).
Also, in each of the figures, loci at which no differences
in pattern were observed within or between species, have
been grouped together. For example, in Fig. 7a, the

grouping of Ap-1, Ap-2, Est-1 and aGpdh-1 indicates that

the schilbeidae studied were monomorphic for the same

allele at each of the loci. However, where more than the
basic anticipated combination of alleles were observed at
a variable locus, all combinations of alleles (genotypes)

have been represented, as for example, at Me-1 in Fig. 7a.

For a brief interpretation of the results therefore,
Fig. 7a for example, shows that all individuals of Schilbe

mystus, Eutropius niloticus, E. mandibularis and Siluranodon

auritus expressed the 'characters' Ap-1, Ap-2, Est-1 and

aGpdh in non-variable forms at each locus. At Adh-2, the

figure shows that S. mystus and E. mandibularis, while

showing no intraspecies variability in 'character'

expression were both distinct in different ways from the
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Figure 7a: Specific Protein Patterns as Taxonomic

Character States.

Family Schilbeidae.

S. mystus

Fst-3

aGpdh

G6pdh

Idh

Ldh-1

Species - Schilbe mystus, Futropius
niloticus, E. mandibularis and
Siluranodon auritus.

F. niloticus E.mandibularis S. auritus




Fig. 7a Contd.
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Figure 7h: Specific Protein Patterns as Taxonomic
Character States.

Family Paaridae. Species - Chrysichthys nigrodigitatus
and C. auratus

Lccus C. niarodiagitatus C. auratus
Adh-3; Ap-1; Ap-2;
Apk; Ck; Fst-4; O N B .
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other species in the group. Considering the Est-3 locus
as a character, Fig. 7a shows that there is considerable
'overlapping' in expression among the group of related

species, as was seen in some of the conventional morpho-

metric taxonomic characters (e.g. Table 4).

The results provide a molecular basis on which

75.

unequivocal pair-wise separation of species may be carried

out. In the present study, loci at which each of a pair
of species was 'fixed' for a different allele were con-
sidered as 'discriminating loci' between a pair. Among
the four schilbeids an average of 45 individuals were
screened at each of 28 enzyme loci to provide the protein
patterns. It was thus possible to identify loci which,
while not being discriminating, showed significant
differential allele frequencies on which species identi-
fication could be based. Such loci have, here, been
defined as - those at which one of a pair of species had

a frequency >0.9 for one allele while the other fish had

a frequency <0.1 for the same allele. Estimates of allele

frequency were based on observed genotype frequencies -

Appendix 3.

Tables 8(i), 8(ii) and 8(iii) show taxonomically
important loci between pairs of species within families
Schilbeidae, Bagridae and Cichlidae respectively. Two

'sub-populations' of Marcusenieus senegalensis (fm.

Mormyridae) were studied. Results of starch gel electro-

phoresis of 26 individuals at 28 enzyme loci showed that
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Table 8(ii): Discriminating Loci between two Chrysichthys
Species.

(Total number of loci screened - 28).

Species Discriminating Loci
C. auratus/ Adh-1; Adh-2; Est-1l; Est-2; Est-3;

C. nigrodigitatus Ldh-1; Mdh-2; Odh; Sdh.
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Table 8(iii): Discriminating Loci between pairs of Cichlid
Species.

(Total number of loci screened - 28).

Species Discriminating Loci
Oreochromis aureus/ Adh-1; Me-1; Pgm.

O. niloticus

Sarotherodon galilaeus/ Est-2; Est-3; Est-4; Lap-2;

S. melanotheron Ldh-2; Mdh-1; Mdh-2; Mdh-3.

Tilapia busumana/ Est-1; Adh-1; G5pdh; Lap-1;

T. rendeli. Mdh-2; Mdh-3; Pep-2; 6Pgdh-2;
Pgi-z .

T. busumana/ Est-2; Est-3; Est-3; Lap-1;

T. 2zillii Lap-2; Mdh-3; Me-2; Sdh-2

T. rendali/ Adh-1; Est-3; Est-4; Gépdh;

T. 2zillii Lap-1; Mdh-2; Me-2; Pep-2;
Sdh-2.




all specimens from both 'sub-populations' were mono-
morphic for the same allele at 27 loci. At a Pgi locus,

one individual was a heterozygote.
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3.4.2 General Tissue Protein Patterns:

Introduction to PResults:

Isoelectric focusing of tissue extracts in thin-layer
polyacrylamide gels was also used as a taxonomic procedure
in this study. Figures 8(i), 8(ii) and 8(iii) show the
proteins' profiles of skeletal muscle extracts of fishes
studied. 1In Figure 8(i) specimens 1 and 2 are profiles

of muscle proteins of M. senegalensis from rivers Pru and

Oti respectively. Grossly, the two specimens are identical
or nearly so, thus each represents the profile of a typical
member of the species. The near-identity of the two
specimens reflects the uniformity of the two sub-populations
as observed during starch gel eiectrophoresis of specific

proteins.

Specimens 3 and 4 are muscle protein profiles of

Chrysichthys nigrodigitatus and specimens 5-8, profiles of

C. auratus. Each set of the profiles confirms the species
specificity of a profile. Comparing the two shows the

similarities and differences between the two Chrysichthys

species. For example, the two may be distinguished by the
mobility of the third anodal protein bands. Fig. 8(ii)
shows two specimens each of muscle protein profiles of

" Schilbe mystus, Eutropius niloticus, E. mandibularis and

Siluranodon auritus. The gross similarities among the

species is immediately apparent.

However, by the application of protein-band counting
and relative mobility of orthologous bands (Ferguson, 1980,

pp. 25-27), the individuality of each species profile can



General Protein Profiles in Fishes.

Fig. 8(i) Muscle proteins:

Specimens 1 & 2 Marcusenius senegalensis

(Mormyridae)

3 & 4 = Chrysichthys nigrodigitatus
(Bagridae)

5 -8 = C. auratus (Bagridae)



Figure 8(1i)
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Figure 8 (ii) : Muscle proteins of Schilbeidae:

Specimens 1 & 2 = Schilbe mystus
3 & 4 = Eutropius niloticus
5 & 6 = E. mandibularis
7 & 8 = Siluranodon auritus
Figure 8(iii): Eye lens proteins of Schilbeidae
Specimen 1 = Schilbe mystus

2 Eutropius niloticus

3

Siluranodon auritus



Figure 8 (ii)
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Figure 8 (iii)



Figure 8(iv):

Specimens

Muscle Protein Profiles of Tilapias

(species and stocks):

1 & 2

3,4 & 5
6,7,8 & 9
10 & 11

12

13 & 14

Tilapia busumana (wild
population, WP)

T. zillii (Densu WP)

T. =zillii (Mixed Pond
population)

Oreochromis niloticus (IAB)
0. mossambicus (Swansea)

Sarotherodon galilaeus
(Stirling)

S. galilaeus (IAB)






be distinguished from each other by the relative mobility
of the most anodal protein-bands. The relative differences,
according to the theory of the technique, indicates the
relative differences in the charge of the proteins involved
in the bands referred to. Other orthologous bands between
any pair of species may be used to identify species (see

Figs. 9a and 9b).

Fig. 8(iii) shows the specific profiles of eye lens
proteins of Schilbe mystus, Eutropius niloticus and
Siluranodon auritus. Eye lens proteins are considered
highly species specific (Smith, 1965, 1968), and as can
be seen here, the similarities between the three species
is less complex, comparing the eye lens profiles to the
muscle proteins' profiles; but using eye lens would almost

certainly mean sacrificing the specimens involved.

Fig. 8(iv) shows the muscle proteins profiles of five
tilapias; Tilapia busumana, T. zillii, Oreochromis
niloticus, 0. mossambicus and Sarotherodon galilaeus.
Grossly specimens of wild populations of a species were

consistent in profile.

In Fig. 8 (iv) specimens of the T. zillii population of
the 'mixed species pond'’ (MP-specimens 6, 7, 8 and 9) were
all different from each other. This observation confirms
the suspected introgression of T. zillii by other tilapia
species stocks obtained from the mixed pond. Based on the

gross profiles (as can be seen with the eye) the stocks of
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S. galilaeus (Stirling and IAB) also differed slightly.

However, each stock showed a consistent profile. The
possibility of observing such protein differences between
stocks of a species in one experiment is one of the major
advantages of isoelectric focusing over starch gel electro-

phoresis.

The resemblance, as seen between species in Fig. 8(ii)
of such complex electromorphs can only be observed among
organisms which are genetically related (Ferguson, 1981).

The greater similarity between the profiles of Eutropius

niloticus and E. mandibularis, compared to that between

any other pair of the four schilbeids (Fig. 8(ii)) is an
indication of the closer genetic relationship between
species of a genus. The ability of the technique to
distinguish such closely related species provided the

basis for the application of the isoelectric focusing
technique to taxonomic problems in many organisms, including
some fish (Chua et al., 1978; Lundstrom and Roderick, 1979;
Ferguson, 1981, pp. 92-97; Smith and Jamieson, 1979, 1980
O'Maoleidgh et al., 1988). It could then follow that the
ability of electrophoretic techniques, in general, to
distinguish genetic differences between populations is

perhaps its greatest advantage over morphological taxonomy.

In each of Figs. 9a and 9b, the advantage of determining
the range of pH range occupied by bands on a gel during
isoelectric focusing was used to identify taxonomically

important protein bands. The majority of such bands from
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the plates (Fig. 8) are presented in the figures 9a and 9b
after calibrating their pH or Isofocusing point (PI) values.
Using the eye, very distinct bands were selected for calibration
of pH or PI values. Usually, bands common to all species

in a group (having no taxonomic value) were ignored.

Then, except where differences in intensity of bands

was very obvious and important (e.g. Fig. 9a - band with

PI value 3.42), such differences have been overlooked.

As the legends to Figs. 9a and 9b indicate, it would be
possible to rely on one or a few specific protein bands

to identify a species among its close relatives.

However, small differences between the migration of
orthologous proteins and their relative intensities may
be important to distinguish stocks or populations of a
species complex. Such fine differences could be obtained,
if necessary, by the use of densitometers to scan gels.

A densitometer basically provides the following infor-

mation on the proteins of a profile:

a) the total 'area' occupied by all the proteins in
a profile.
b) Picks the peak-bands, and gives their position

and intensity, expressed as the proportion of the
total area each band occupies as a percentage of
the total area.

c) Finally, two profiles could be compared (overlayed)
to observe differences in one presentation. Examples

of such exercises are presented in Figs. 10 and 11.



Figure 9a: Species

Protein Bands with PI Vélues

(from general Protein Profiles) Among
Schilbeidae. (Skeletal muscle proteins).

Legend: PI = Isoelectric point (= pH value at which
protein has zero charge).

S.my = Schilbe mystus

E.ni = Eutropius nilpticus
E.ma = Eutropius mandibularis
S.au = Siluranodon auritus

* Note: One common
Open bands
difference

Species

protein band (Pl = 3.70 included).
at Pl 3.42 indicate distinct
in band intensity.

PI Value of Unique Protein

Schilbe mystus

Eutropius niloticus

E. mandibularis

- 8iluranodon auritus

6.90
3.37
6.15; 7.05

3.45; 3.9€; 4.69; 5.17
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Figure 9b: Species/Stock Protein Bands with PI Values

Legend
Spp =
PI =

A =

Note:

A very conservative interpretation of Fig.

Among Tilapias (skeletal muscle proteins).

Fish species

Isoelectric point (= the pH value at which
protein has zero charge).

Tilapia busumana (Lake Bosomtwe, typical

wild population)

Tilapia busumana (an odd specimen among a
sample of 20. Specimen did not show unusual
alleles during starch gel electrophoresis).

Sarotherodon melanotheron (R. Densu, wild
population)

Tilapia zillii (IAB population)

Tilapia 2zillii (River Densu, wild population)

Tilapia 2zillii (two specimens from Mixed Pond)

Oreochromis niloticus (Typical of IAB popu-

lation and a few from Mixed Pond)

Sarotherodon galilaeus (IAB population).

No attempt has been made to show differences in
intensity of bands as seen in original results.
The major objective of Fig. 9a and 9b was to
show the PI values of peak bands which may be
useful in identifying species or populations.

each species had a protein specific to it as follows :

Species/Stock

9a shows that

PI Value of Unigue Protein

Tilapia busumana 6.07; 7.32

T_.E"_.

L. Bosomtwi. Wild population)

T. zillii (R. Densu. Wild 6.42

population)

T. zillii (IAB) 4.15; 6.70; 6.90;
Sarotherodon galilaeus (IAB) 3.85; 4.20

S. melanotheron (R. Densu. 3.70; 3.80; 4.56;

Wild population)

Oreochromis niloticus (IAB) 3.87; 6.03; 7.90

Between every pair of speciéé or stocks other unique
proteins may be found.

8.50

8.00
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Figure 10a, 10b, and 10c: Densitometer Description of
Intensity Profiles of (a) Schilbe mystus,
(b) Eutropius niloticus, and (c) Tilapia
busumana.

In each of a, b and c, the densitometer indicates

that the total area occupied by proteins of the species
were 11781.0, 12641.7 and 19797.7 for S. mystus,

E. niloticus and T. busumana respectively.

Peak - A number of peak bands detected by
densitometer (e.g. 49 in S. mystus,
51 in E. niloticus and 51 in T. busumana).

Position - An indication of the migration of the
peaks (bands).

Area - Proportional area occupied by a band in the
total area of the profile.
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Figure 10a: Intensity Profile of Schilbe mystus.
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Peak Areas. (Scale = 10, AbsR. = 3.0)
Scaling factor : 1.000; Background : fitted; Peak areas : fitted.
Peak Position Area Area % Peak Position Area Area %
1 1.8 168.0 1.4 26 39.7 135.5 1.1
2 4.2 587.9 5.0 27 41.0 301.9 2.6
3 8.4 535.0 4.5 28 42 .9 171.9 1.5
4 9.0 450.7 3.8 29 42.9 88.0 0.7
5 13.1 22.8 0.2 30 44.6 499.1 4.2
6 14.3 90.8 0.8 31 46.2 127.0 1.1
7 15.7 317.0 2.7 32 46.6 15.4 0.1
8 17.3 344.8 2.9 33 48.3 95.2 0.8
9 18.4 196.1 1.7 34 52.3 68.7 0.7
10 19.5 23¢.1 2.0 35 54.2 372.4 3.2
11 21.2 509.7 4.3 36 56.3 87.2 0.7
12 22,7 854.5 7.3 37 57.9 46.7 0.4
13 23.7 240.1 2.0 38 59.3 58.0 0.5
14 24.9 . 721.5 6.1 39 60.4 43.8 0.4
15 25.9 656.7 5.6 40 61.6 157.3 1.3
16 26.7 233.0 2.0 41 62.7 69.7 0.6
17 27.9 427.9 3.6 42 63.6 95.1 0.8
18 29.6 154.2 1.3 43 64.7 172.0 1.5
19 31.0 174.1 1.5 44 66.0 128.0 1.1
20 32.4 80.5 0.7 45 67.6 216.6 1.8
21 33.3 142.6 1.2 46 68.9 122.6 1.0
22 34.6 187.7 1.6 47 70.0 260.7 2.2
23 35.7 87.1 0.7 48 72.1 605.6 5.1
24 36.6 76.0 0.6 49 73.7 106.4 0.9
25 38.3 238.2 2.0

Total Area ' 11781.0 = 100.0%



"Figure 10b:
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Intensity Profile of Eutropius niloticus.
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i 5 &) 70
Peak Areas. (Scale = 10, AbsR. = 3.0)
Scaling factor 1.000; Background : fitted; Peak areas : fitted.
Peak Position Area Area % Peak Position Area Area %
1 2.1 24.8 0.2 27 35.8 134.6 1.1
2 4.9 893.7 7.1 28 36.6 214.8 1.7
3 6.9 164.8 1.3 29 37.8 292.7 2.3
4 8.8 596.3 4.7 30 38.9 108.5 0.9
5 9.4 395.2 3.0 31 39.7 85.7 0.7
6 12.6 42.4 0.3 32 41.3 393.0 3.1
7 13.5 31.5 0.2 33 43.2 327.4 2.6
8 14.4 25.2 0.2 34 44.5 152.6 1.2
9 15.9 278.7 2.2 34 45.3 201.6 1.6
10 17.5 204.3 1.6 36 46.3 313.6 2.5
11 18.5 185.2 1.5 37 47.5 77.9 0.6
12 19.4 275.2 2.2 38 48.3 30.9 0.2
13 21.0 407.5 3.2 39 49.6 92.1 0.7
14 22.2 136.2 1.1 40 50.7 3.2 0.0
15 22.9 571.1 4.5 41 52.1 123.5 1.0
16 24.0 421.0 3.3 42 53.6 67.0 0.5
17 25.3 654.0 5.2 43 54.6 75.9 0.6
18 26.4 1095.4 8.7 44 55.9 30.5 0.2
19 27.6 374.9 3.0 45 57.7 23.0 0.2
20 28.6 415.8 3.3 46 58.8 115.7 0.9
21 29.8 335.3 2.7 47 60.7 71.3 0.6
22 31.0 272.3 2.2 48 62.0 120.0 0.9
23 32.0 103.3 0.8 49 €3.2 58.5 0.5
24 32.8 176.1 1.4 50 65.0 180.7 1.4
25 33.8 304.6 2.4 51 70.8 792.9 6.3
26 35.1 179.2 1.4
Total Area 12641.7 = 100.0%
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Figure 10c: 1Intensity Profile of Tilapia busumana.
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Peak Areas. (Scale = 10, 2bsPk., = 3.0)
Scaling factor : 1.000; Background : fitted; Peak areas : fitted.
Peak Position Area Area % Peak Position Area Area %
1 4.8 40.7 0.2 27 41.0 52.2 0.3
2 6.2 20.3 0.1 28 42.3 629.2 3.2
3 10.2 706.4 3.6 29 43.6 309.3 1.6
4 10.9 369.8 1.9 30 44.5 368.0 1.9
5 13.3 27.8 0.1 31 46.1 1457.1 7.4
6 14.7 861.9 4.4 32 47.8 983.5 5.0
7 16.5 227.8 1.2 33 48.7 586.9 3.0
8 18.3 153.1 0.8 34 49.5 633.5 3.2
9 19.4 71.2 0.4 35 50.7 860.6 4.3
10 21.0 384.7 1.9 36 52.5 640.6 3.2
11 22.5 247.1 1.2 37 54.7 317.2 1.6
12 23.7 155.6 0.8 38 56.8 278.9 1.4
13 25.3 92.9 0.5 39 58.4 109.2 0.6
14 26.5 148.3 0.7 40 60.3 660.8 3.3
15 27.4 235.4 1.2 41 62.1 141.2 0.7
16 28.2 379.2 1.9 42 63.0 114.1 0.6
17 29.4 1162.4 5.9 43 64.1 224.0 1.1
18 29.7 524.8 2.7 44 65.2 84.2 0.4
19 31.0 466.5 2.4 45 66.6 733.2 3.7
20 32.3 732.8 3.7 46 68.4 276.2 1.4
21 34.2 731.7 3.7 47 69.9 77.7 0.4
22 35.8 226.4 1.1 48 70.9 91.5 0.5
23 36.5 315.9 1.6 49 72.1 134.2 0.7
24 37.3 262.1 1.3 50 72.8 191.8 1.0
25 38.4 631.1 3.2 51 73.8 300.0 1.5
26 40.1 366.1 1.8

Total Area 19797.7 = 100.0%
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Figure lla: Comparison of Intensity Profiles of Tilapia
2zillii and T. rendali.

P

Peak Areas

1.000
fitted

Scaling factor
Peak areas

The figure shows very close general protein similarity
between T. 2zillii and T. rendali. Portion of scan shows area
of distinct profile difference (arrowed) between the two
species.

T. rendali
T, 2zillii
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3.5 Discussion and Evaluation of Taxonomic Methods:

In this chapter, three methods (Morphometrics, Starch
gel electrophoresis, and Isoelectric focusing of general
proteins) have been used to study the taxonomy of species
and populations. It was evident from the results that,
generally, one or the other method was more reliable as
a taxonomic tool than the others. Secondly, perhaps a
technique was more productive with reference to particular
fish groups. Previous to this work, the taxonomy and
systematics of the fishes étudied have been based on the
morphology and meristic characteristics of the fishes.
Thus initial identification of material studied was based
on keys to species provided by Roman (1966),
Lowe-McConnell (1972), Trewavas (1983) and Levegque and

Paugy (1984).

Allowing for intraspecific variation generally, all
morphological and meristic data obtained here were
comparable to previous reports (see Tables 3 to 6).
Differences between populations have usually been attributed
to populations having different habitats, without often
being able to identify specific ecological conditions which
cause increases or limitations in the variability of a
character in different populations. It is therefore obvious
that small Hifferences between populations which may
originate from genetic changes could easily be attributed

to ecological differences in habitats.
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For example, Lowe-McConnell (1972) pointed out the

naming of subspecies of Marcusenius senegalensis,

apparently based on modifications of meristic character
plasticity in different populations. In two 'sub-
populations' of the species studied, some meristic
characters showed different extents of plasticity in the
sub-populations. It is therefore possible to envisage

that an accidental sample containing many ‘'odd' fishes
could have given rise to considering the two sub-populations
as constituting separate populations based on meristics.
However, results of both electrophoresis of specific
proteins and general tissue proteins (isofocusing Fig. 7a)

individually showed that the populations of M. senegalensis

in the Pru and Oti rivers (Fig. 1) were part of a single
gene pool. It is evident therefore that, for a species
which is so widely distributed, and apparently exhibits
considerable morphological adaptations to local habitats,
a more reliable identification of stocks should be based

on electrophoresis rather than morphology.

The meristic counts recorded for the identification

of the schilbeid fishes showed that often Schilbe mystus

and Eutropius niloticus expressed the same characters

within very similar ranges. Thus it was necessary to use
the expression of combinations of characters to identify
fishes. Results of starch gel electrophoresis of indi-
viduals including those on which meristic counts were made,

revealed a number of discriminating loci between pairs of
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species (8 between S. mystus/E. niloticus; 4 for S. mystus/

E. mandibularis; 13 for Schilbe mystus/Siluranodon auritus;

8 for E. niloticus/E. mandibularis; 15 for E. niloticus/

S. auritus and 21 for E. mandibularis/S. auritus, all out

of the same 28 loci screened. See Table 7(i) for specific

loci.).

With information on discriminating loci between species
available, gel electrophoresis holds many advantages over
morphological taxonomy. First many individuals could be
screened within a shorter time than they could ever be
studied morphologically. The other great advantage in
this respect would be that not many individuals would be
needed to establish the identity of any specimen. In fact
a single specimen each of any two species would be enough,
an advantage which is still operative even if specific
discriminating loci for specieé was not available. Many
loci in the single individuals could be quickly tested to
establish whether any two specimens were the same or
different species. Gorman and Renzi (1979) have provided
empirical evidence for such work. These advantages of
electrophoresis over morphological taxonomy, exemplified
by results from the Schilbeids would generally apply for

any group of related species as the bagridae studied here.

As can be expected the closer genetically, any two
species were, the lower the number of discriminating loci
would be between them compared to other pairs of species.

Among the schilbidae therefore the results have indicated
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that E. mandibularis is more closely related to S. mystus

(4 discriminating loci between them) than it is to

E. niloticus (with 8 discriminating loci between them).

This is interesting, but not a taxonomic problem, it will
therefore be discussed under relationships between members

of schilbeidae studied (Chapter 4).

Profiles of general muscle and eye lens proteins
(Figs. 8ii and 8iii respectively) showed each species to have
an individual profile which could not be confused with any
other. For purely taxonomic purposes the individualistic
profiles, in relation to protein bands migration and
intensity, would not require any quantitative assessments
to separate one species from another. The taxonomic
advantage of isofocusing of tissue proteins over gel
electrophoresis here would be as follows : with the

starch gel results showing that E. mandibularis was closer

to S. mystus than it was to E. niloticus, the isofocusing

results shows that when 'all' the proteins with similar
properties in the species were compared, the two Eutropius
species were more similar to each other than either was

to Schilbe mystus (Fig. %9a). The profiles thus remove

human or technical bias which might determine which morpho-
logical or specific protein characters might be studied by

different workers or laboratories in determining identity.

Protein profiles can also provide more detail comparison

of species by the use of densitometers which estimate both

relative positions and intensity of peak (protein) bands

(see Figs. 10 and 11).
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For those interested in the systematics of the
schilbeidae, the observations made here hold a special
hope. The hope is, the potential of electrophoresis
suggests that the identity of what is nominally known as

Eutropius depressirostris (Peters, 1852) but described

by many as "just as schilbe except for the presence of an
adipose fin, which may be rudimentary in structure" (e.q.
Bell-Cross, 1976; Jubb, 1957, pers. comm. to Trewavas),

can be determined.

Results obtained here in relation to the taxonomy of
the tilapias, by the use of the three methods, also
demonstrates other advantages of protein taxonomy over
morphological methods. Many authors have enumerated
problems associated with the almost futile attempts at
resolving the taxonomic and systematic issues of the
tilapias based on morphology (e.g. Pullin, 1985; McAndrew
and Majumdar, 1983, 1984; Trewavas, 1983). Among the
problems, a combination of the following pose a progressive
dilemma to the validity of morphological taxonomy of
tilapias. Firstly, the morphological and meristic
characters used for species identification overlap (see
Table 4). Secondly, interspecies hybridization among
tilapias in the wild and culture environments do occur
(Trewavas, 1983; Taniguchi et al., 1985). These 'natural'
characteristics of tilapias, are further complicated by the
world wide movement of tilapias. Of course the possibility
of 'species' or stocks being moved around having initially

been misidentified material cannot be forgotten.
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Due to the overlapping of taxonomic characteristics,
hybrids of tilapias are almost impossible to identify
morphologically, because the hybrids, as in maﬁy other
organisms, are usually morphological intermediates
(Ferguson, 1980; Trewavas, 1983). For example, the
range of meristics studied here for T. zillii and O.niloti-
cus, from the mixed-species pond were all within the range
observed in the parent stocks (T. zillii (Den) and

O. niloticus (IAB) - see Tables 6A, 6B, 6C, 6D and 6E).

Similar problems have been resolved in relation to many
temperate fish species and stocks (Frost, 1965; Jamieson
and Turner, 1978, 1980; Kornfield et al., 1982; Ferguson,
1980, 1981; O'Maoileidgh et al., 1988). Among tropical
fishes only the tilapias, as a group of fishes have received
some limited attention at resolving the problem of
identifying species, stocks and hybrids, with no definite
conclusions drawn yet (McAndrew and Majumdar, 1983;

Cruz et al., 1982; Taniguchi et al., 1985).

The property of protein electrophoresis which allows
for the identification of hybrids is that even sibling
species differ considerably in their structural genes and
proteins are normally co-dominantly expressed. Thus in
many cases, hybrids show a summation of the parental
electrophoretic patterns. Where different alleles are
present at a locus in the parents, the hybrid will exhibit
a "heterozygote" type of pattern. Thus if two species

show bands of different electrophoretic mobilities for a
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particular protein, then the hybrid will show both bands
("heterozygote") each at approximately half the concen-
tration found in the parent. 1In the case of multimeric
proteins, unique heteromers may be shown in the hybrid
pattern, to further help in identification (Ferguson,
1980, pp. 114). 1In the present study, T. zillii from the
mixed pond population especially, shows unique alleles
compared to its parent wild stock (T. zillii - Densu),
after both starch gel electrophoresis and isoelectric
focusing (see allele frequency Table and Fig. 7E).
This suggests an introgression of the species with other
tilapia species in the mixed pond as suspected prior to

experimentation.

In conclusion it is clear that although electro-
phoresis has its limitations (see reviews of Avise, 1974;
Ferguson, 1980; Thorpe, 1982) the technique still holds
important advantages as a taxonomic tool over morphological
taxonomy. Then between starch gel electrophoresis and
isoelectric focusing of proteins, the latter is preferred
over the former for the following reasons among several

reviewed by Lundstrom and Roderick (1979).

a) Isoelectric focusing of protein patterns are highly
reproducible simply by following the explicit

instructions (see Appendix 1).

b) Any variation in sample application in electrophoresis

can seriously affect results, thus starch gel electro-
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phoresis requires great experience to obtain
reliable repeats of results. Isofocusing only

requires the following of instructions.

Isoelectric focusing is an equilibrium technique

in which the proteins are limited in how far they
can migrate by the pH gradient of gel. 1In contrast
starch gel electrophoresis is time-dependent and
may suffer loss of resolution due to buffer used

or diffusion.

Resolution of general proteins by isoelectric
focusing is higher than what may be attained by

starch gel electrophoresis (as results here showed).

Lastly, separating a great many protein bands
(alleles) in the wide range pH may be advantageous
to biologists seeking intraspecific variation.
However, starch gel electrophoresis provides
variable patterns which provide a basis for genetic
interpretation only. With isoelectric focusing some
very slight variability between population may be
due to difference in ecologies, sex or physiological

state of individuals.

* * * % * % % * %
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CHAPTER 4

TAXONOMIC RELATIONSHIPS AMONGST

TILAPIAS AND SCHILBEIDS

4.1 Introduction:

Relationships within and between taxonomic units
of major taxa which might suggest associations between,
or derivations of units, have been investigated since
evolution became a central concept in biology. Studies
which have presented relationships based on overall
similarity among units with reference to comparable
features, are referred to as PHENETIC. Those that suggest
derivation of units from a common ancestor imply PHYLOGENY.
Both phenetic and phylogenetic relationships, can often
be considered as results of systematic investigation in
attempts to distinguish them from studies related to
evolution as a process and its mechanisms. The school of
thought which supports the complete separation of systematics
from evolution (transformed Cladism) argue that systematics
shows patterns while evolution attempﬁs to explain a
process. However, the taxonomic characters on which
systematic schemes are based are not attributes of
individuals but of populations, which are also the basic
units of the evolutionary process (Ayala, 19$3). The
transformed Cladists, e.g. Cracraft (1983, p. 164), argue

that "It is becoming increasingly apparent that systematics
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is the area of biology that defines the pattern of organic
change through space and time and, consequently, specifies
that body of knowledge that theories of evolutionary
process must be capable of explaining". Many biologists
however, maintain that it is impossible to isolate
systematics from evolution (Mayr, 1969b; Simpson, 1961;
Dobzhansky, 1973; Thorpe, 1982; Ayala, 1983) and
therefore critisize the Cladists. To these critics,
Humphries (1983, p. 305) for example, responds as follows:
"they confuse the Cladistic activity of ordering characters
to their level of universality with causal explanation of
hierarchy..." The stand taken here is that, systematics
and evolution are complementary components of the study

of relationships within and between taxonomic groups. It
should probably be said that, when the Cladists have
provided arguments to show, that the characters 'ordered'
are not products of evolution, then those who oppose them
will have a problem. Dobzhansky (1973) stated that "Nothing
in biology makes sense except in the light of evolution".
Perhaps systematics is the subject which would make least

sense if completely separated from evolution.

Until recently, relationships between related organisms
had principally been based on morphological and anatomical
character states, although attributes such as physiology,
embryology, behaviour and ecology of organisms had been
used. In the last two decades, the application of various
molecular approaches to the study of genetic structure and

discreteness of populations, have yielded sources of
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information on which relationships have been suggested.

The new approaches include quantitative analysis of gel
electrophoretic data (allozyme data) isoelectric focusing
of tissue proteins and restriction enzyme analysis of

DNA, especially that of mitochondrial DNA (mt. DNA). All
the new approaches measure characteristics of populations,
which are components or 'first-step' products of population
genomes. Thus relationships drawn from such studies are

considered genetic, and often imply phylogeny.

In this study, some of the morphological and allozyme
approaches to taxonomy and systematics have been used.
The techniques have therefore been elaborated on and
evaluated in the appropriate section. I would therefore,
briefly outline the rational behind the use of restriction

enzyme analysis of mt. DNA as a tool in systematics here.

Although much valuable information on population
structure may be gained through investigation of allozymes,
studies in restriction enzyme patterns of mt. DNA have
provided additional insight into the mechanisms influencing
population genetic structure. This is mainly due to some
unique properties of mt. DNA compared to nuclear DNA.

For example, there is evidence that mt. DNA evolves much
faster than nuclear DNA. Consequently most mt. DNA changes
may be neutral (Brown et al., 1982; Brown, 1983). It is
therefore usually possible to link together mt. DNA geno-
types in convincing phylogenetic trees, in which the

mutational changes separating genotypes may easily be
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counted (Avise and Lansman, 1983, also referred to in
Edwards and Skibinski, 1987). This cannot be done with
data on allozyme variation, where genotypes are cbntinually
recreated by recombination and segregation of the

nuclear DNA,

Perhaps the greatest advantage of mt. DNA restriction
enzyme analysis, is that, mt. DNA genotypes are preserved
by asexual reproduction, because they are only maternally
inherited. Thus, mt. DNA has unique origins and therefore
serves as a good indicator of introgression in relation to
genotypes evolved through convergent evolution or descent

from a common ancestor (Saunders et al., 1986).

It can be said, therefore, that for systematic
investigations currently, broad sources of information
include morphology and anatomy, allozyme data, which
indirectly originate from nuclear DNA and information
from mt. DNA. Of these sources of information, it is
perhaps only in morphological investigations, that human
influences regarding choice of characters may present
acceptability problems. It has often been said that the
differences between taxonomic schools results from their
principles of character choice. Generally, the problem of
character choice has been minimised by "objective classifi-
cation" (Ridley, 1986, p. 3). Ridley defines choice of
character in objective classification as the process in
which character choice is dictated by theoretical principle.

The principle, amongst other things, must specify some
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discoverable hierarchical property of nature, which it is
desirable and technically possible for classification

to represent.

'In both allozyme and mt. DNA analysis problems are

often technical rather than human judgment

Having identified and measured the morphological or
genetic character states to provide the base-line data,
two main approaches are available for the construction of
relationships among taxa. These are the phenetic and
phylogenetic methods. Of course, each of them has versions
and modifications. Exponents of the phenetic approach
contend that classification should be based on overall
(mean) similarities among taxonomic units. Thus, the data
base should include all possible characters, each having
equal importance. Since the technique finally uses
averages of similarities, it has often been equated to

numerical taxonomy (e.g. Sneath and Sokal, 1973).

Advocates of phylogenetic systematics (e.g. Henning,
1966), emphasise the sequence of Cladistic splitting of
lineages in the origin of taxa. Closely aligned to the
phylogenetic approach is the evolutionary method, supported
by e.g. Simpson (1961) and Mayr (1969b). Theoretically the
major diffefence between the two has been that, the phylo-
genetic system does not concern itself with amount and
type of change subsequent to the splitting of phyletic

lines. The evolutionary systematist, on the other hand,
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takes into account the amount and nature of evolutionary

change occurring after Cladogenesis.

4.2 Methods:

The fishes studied in this work, as has been indicated
earlier, belong to four families :=- Mormyridae, Schilbeidae,
Bagridae and Cichlidae. The Schilbeidae and Cichlidae
included more than two taxonomic units each to merit
consideration of their relationships within each family.
Among the Cichlidae, populations of species were maintained
as individual operational taxonomic units (OTU) in the
schematic presentation of relationships. However, among
the Schilbeidae material obtained from tributaries of the
Volta lake (Fig. 1) were pooled together per species. This
was based on an earlier study (Abban and Skibinski, 1988),
which showed that within the Volta basin, sub-populations
of the species involved here in tributary rivers, were not
genetically isolated and thus constituted single biological

populations.

Morphological characters (Body proportions and meristic
counts) and allozymes, have been used to assess relation-
ships in this work. Adopting the Unweighted Pair-Group
Arithmetic Average (UPGMA) clustering method (Sneath and
Sokal, 1973, as described by Ferguson, 1980, pp. 166-168),
pair-wise comparisons of genetic identities (Nei, 1972)
were used to generate the phenetic relationships as briefly

exemplified below. Steps taken to adopt the UPGMA method
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to meristic data are also outlined. Allele frequency
data, based on which, genetic identities were estimated,
formed the data base for the generation of phylogenetic

relationships.

A computer package, Phylogeny Inference Package
(PHYLIP, version 2.8) was employed to generate phylogenetic
trees. Within the package a programme, CONTML (Felsenstein,
1982), which operates on the basics listed below, was used
to generate "unrooted tree" relationships. The programme
uses gene frequencies to construct estimates of the maximum
likelihood phylogenetic tree under the following conditions

or assumptions:

a) Different lineages split and evolve independently.

b) After two lineages split, their genetic drift
proceeds independently.

c) Each gene frequency changes by genetic drift, and

d) Different loci drift independently.

Although the final output by the programme is an
unrooted tree, estimates of 'evolutionary lengths' between
segments of the tree accompany the tree. These estimates

have been used to construct the unrooted trees presented

in the results here as the "best trees" (Figs. 12c and 13c).
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Procedure of Adapting the UPGMA Approach to Generating
Phenetic Relationships based on Meristic Character Counts:

Counts of meristic characters were made on individuals
of each population sample to estimate means for character
states per population (Tables 9a and 10a). Pair-wise
differences per character between populations were then

tabulated.

From the Tables of mean pair-differences per character,
a cumulative (overall mean differences between pairs of
OTUs) mean differences between OTUs were estimated and
tabulated in a matrix. (The cumulative mean differences
(distances) between pairs of OTU was estimated simply by
dividing the sum of differences by number of characters
involved.) From the matrix of overall mean differences
(Tables 9c¢ and 10c), the step-by-step procedure to
identify most similar pairs, described above, was used
to generate dendrograms. However, since the data base
suggested differences (or distances) between pairs of OTUs,

the pair with least difference was clustered at each stage.

4.3 Results:

Generation of Phenetic Relationships (UPGMA method - based
on Genetic identities) (Exemplified with Genetic Identity
Data among the Schilbeidae):

The initial step towards clustering taxonomic units
(OTU) based on overall genetic 'similarities' was to set
out pair-wise genetic identities (or distances) in a matrix
table (as in Table 11). Then a scale, covering possible

range of identities (0.0 to 1.0) was drawn (e.g. Fig. 12a).
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Then from the Table, the two OTUs with the highest
identity value (e.g. OTUs 2 and 3 in Table 8) were first
clustered. The point at which the two OTUs are joined
is with reference to the scale, while the distance apart

is arbitrary.

The matrix was then reworked with OTUs 2 and 3
combined as a unit (OTU - 2/3). In the new matrix, the
identity between any OTU and OTU 2/3 was the mean of the
OTU's identity with OTU 2 and 3. For example, the identity
between OTU 1 and 2/3 would be (0.488 + 0.615)/2, as in

Table 8 below.

Table 8:
OTU 1 2/3 4
1 X 0.552 0.279
2/3 X 0.231

The most similar pair at this stage was OTU 1 and 2/3.

They were therefore joined with respect to scale.

Again the matrix was reworked combining OTUs 1 and
2/4 as a unit to estimate its similarity with remaining
unclustered OTUs (in the present example, OTU 4), as shown
below.
OTU 1/2+3 4

1/2-3 X 0.255

The relationship is then completed by joining OTU 4

to the cluster in relation to the scale.
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The stepwise process of constructing the relationships

is described by Ferguson (1980, p. 166-168).

The process described above was applied to genetic
identity estimates between populations and species of
Cichlids presented in Table 11b to generate the phenetic

relationships shown in Figure 12a.

Figures 12a and 13a, therefore represent the overall
similarity relationships within the Cichlids and Schilbeids
respectively. Since the data base for the dendrograms
relate to the genetic character states of taxa, ‘the results
have been considered as estimates of genetic phenetic
relationships, to distinguish them from relationships

based on morphometric data.

As indicated earlier in this chapter, meristic data
used by previous workers for the identification of species
in the two families (see Chapter 3), were subjected to the
UPGMA process. Table 9a shows means of counts of meristic
characters considered among the Cichlids. From the table
mean (per character and overall) differences between pairs
of population were estimated, as exemplified in Table 9b.
The typical UPGMA matrix set out in Table %c was derived
from Table 9b, and provided the base data for the generation
of overall morphometric relationships between the cichlids

shown in Fig. 12b.
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Meristic data on the schilbeids were similarly
treated (Tables 10a, 10b, 10c) and from Table 10c the
morphometric relationship presented in Fig. 12b was

obtained.

The absence of some taxonomic units in the meristic
character based relationships compared to the genetic
relationships was due to the fact that only tissue samples
for the omitted taxa were available. Also meristic
characters which did not vary within or between taxa of a

family were omitted.
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Table 10a: Means of Meristic Character Counts Among

Schilbeids.
C H A R A C T E RS
Gill D.fin D.fin P.fin A.fin
Populations Rakers = Spines rays '~~~ rays rays
S.my 12.69 1 6 10.2 56.4
E.ni. 14.82 1 6 9.0 55.3
S.au. 74.27 0 5 10.0 70.6

Table 10b: Pair-wise Differences Among Schilbeids.

Gill D.fin. D.fin. D.fin. A.fin
Populations Rakers Spines = rays = rays rays MEAN
S.my./E.ni. 2.13 0 0 1.23 1.14 0.89
S.my./S.au. 61.58 1 1 0 14.23 15.56
E.ni./S.au. 59.45 1 1 1 15.37 15.56

Table 10c: Meristic Character Differences Matrix (Schilbeids).

Populations 1 2 3
S.my. E.ni. S.au.

1 X 0.89 15.56

2 X 15.56



Table lla: Genetic Identity Matrix Among Schilbeids.

Legend:

OTU = Operational Taxonomic Unit
S.my = Schilbe mystus

E.ni = Eutropius niloticus

E.ma = E. mandibularis

S.au = Siluranodon auritus




Table 1lla:

OTU

Genetic Identity

S.my. E.ni.

Matrix Among Schilbeids.

E.ma. S.au.

X 0.488

0.615 0.279

0.642 0.240

X 0.183
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Figures 12a and 12b: Phenetic relationships amongst
tilapias.

12a: Relationships based on genetic identity.

12b: Relationships based on meristic differences.

Meristic characters used for 12b: Dorsal spines;
Dorsal branched rays; Anal branched rays;
Pectoral branched rays; Lateral line scale

counts and Gill raker counts.

Legend:
O.ni. = Oreochromis niloticus
O.au. = Oreochromis aureus
O.mo. = Oreochromis mossambicus
S.ga. = Sarotherodon galilaeus
S.éa+. = Sarotherodon galilaeus (odd specimen)
S.ma. = Sarotherodon macrochir
S.mr. = Sarotherodon melanotheron
T.bu. = Tilapia busumana
T.re. = Tilapia rendalli
T.zi. = Tilapia zillii
IAB = Institute of Aquatic Biology ponds.
St. = Stirling University.
Den. = River Densu.
MP., = Mixed species Pond

Bos. = Bosomtwi lake.
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Figure 12c:

Legend

Species:

IAB

Sti.

MP

L.Bos.

R.Den.

O.au.

O.ni.

Unrooted Phylogenetic tree of Tilapias.
(Generated by Computer Programme CONTMYL X)

= Oreochromis aureus.

= ' Oreochromis niloticus.

= Oreochromis mossambicus.

= Sarotherodon galilaeus.

= Sarotherodon macrochir.

= Sarotherodon melanotheron.

= Tilapia zillii.

= Tilapia busumana.

Source of fish

Institute of Aquatic Biology (Ghana)
Stirling University (Scotland)
Mixed Species Pond

Lake Bosomtwi

River Densu.

*  Number Taconomic units in tree were generated
by the computer programme.
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Estimated Lengths between Taxonomic Units

Including Hypothetical Units Generated by Programme

Between And Length
0.au. (Sti.) 20 0.10216
20 25 0.04359
25 17 0.00375
17 22 0.04408
22 24 0.01248
24 27 0.00730
27 S.me. (R.Den.) 0.18852
27 30 0.07574
30 T.zi. (MP) 0.07620
30 T.zi. (Sti.) 0.09368
24 T.bu. (L.Bos.) 0.27982
22 26 . 0.01041
26 28 0.02030
28 T.re. (Sti.) 0.27983
28 S.ga*. (IAB) 0.18171
26 29 0.16099
29 T.zi.(IAB) 0.14823
29 T.zi.(R.Den.) | 0.15174
17 23 o 0.03902
23 0.mo. (Sti.) 0.25164
23 S.ma. (Sti.) 0.13298
25 21 0.09307
21 S.ga. (IAB) : 0.04022
21 S.ga. (Sti.) 0.05598
20 18 0.06756
18 19 0.00721
19 0.ni. (MP) 0.00657
19 0.ni. (IAB) 0.01823

18 O.ni. (Sti.) 0.03406



Figures 13a and 13b: Phenetic relationships
among Schilbeids.

13a: Relationships based on genetic identity.

13b. PRelationships based on meristic differences.

Legend:

E.ni. = Eutropius niloticus.
E.ma. = E. mandibularis.
S.my. = Schilbe mystus.

S.au. = Siluranodon auritus




-

sdrysuotjeTayd oy3Luayd

123.

*S90US193FTQ OT3ISTISW uoO pasey spTragqrIyos buouwe

i A0N3Y343d1g OILSIHIN
1
_ I 1 ! | | | I I I T
0 L v 9 8 oL P vi 91 -
*qeT °anbta
o’E ow
‘W ‘3 <
“tu-3 .
. ALILN3QI D113N3D
f T T T T T T T T I
b [ e de Qe G* Peo (X% F A te



Figure 13c: Unrooted Phylogenetic Tree of

Schilbeids.
Legend:
S.au. = Siluranodon auritus
E.ma. = Eutropius mandibularis
E.ni. = Eutropius niloticus
S.my. = Schilbe mystus
5 & 6 = Units generated by computer.

Estimated lengths between taxonomic units.

Between And Length
S. mystus 6 0.18295
6 S.auritus 0.57007
6 5 0.07198
5 E. niloticus 0.23827

5 E. mandibularis 0.15906
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Figure 13c: Unrooted Phylogenetic Tree of Schilbeids.
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4.4 Discussion:

Relationships within populations of Tilapias:

Estimates of relative degrees of genetic divergence
between populations, species and genera obtained here
were comparable, in relative terms, with previous
expectations estimated for fish by Kirpichnikov (1981,
pp. 237), and McAndrew and Majumdar (1984) for the Tilapias
in particular. The results here therefore support the

hypothesis of Trewavas (1980) that Oreochromis, Sarotherodons

and Tilapia be recognised as substantive genera. Table
17 (Chapter 5) also shows that similarity between popu-

lation and species decreases from within Oreochromis >

within Sarotherodon > within Tilapia. This observation

possibly indicates that the "branching off" of mouth
brooders from the ancestral 'tilapia-like' substrate
spawners had not occurred "from time to time" as suggested
by Peters and Berns (1982). They therefore maintained

that the Oreochromis, Sarotheron and Tilapia be retained

under the single genus of Tilapia. On the taxonomic
status of the fishes, Peters and Berns' consideration had

been suggested by Thys (1968b).

The only recorded previous studies on the genetic
relationships between tilapias involving some of the taxa
investigated here were those of Kornfield et al., (1979)
and McAndrew and Majumdar (1984). A direct comparison of
the two previous and present study results (Table 12)
obtained independently from analysis of geographically
separated populations offers both encouragement and caution

to all who seek systematic interpretation of electrophoretic
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data. The three sets of data are quite comparable except

that the I value between 0. aureus and S. galilaeus

obtained by K