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I. INTRODUCTION

The damming of the Volta River in Ghana has stimulzted an
interest in the fisheries potential of the new Lake. Research
projects heve therefore been undertzken to study not only the
biological changes but also the physical and the chemical changes
which are taking place as the water body is transformed from a
river into a lake, The earliest work on the condition of the
water after the closure of the dam has already béen reviewed
* (Bwer, 1965; Biswas, 1966).

After an initial brief boom of productivity there followed
extreme deoxygenation with high turbidity, low light penetration
and no thermocline. There was heavy fish mortality and the con-
ditions were generally unsavoury, a situsztion common upon the
immediate impoundment of water.

The altered environment to which the riverine fish are belng
subjected and their adaptation to the different ecological regime
is a study of great interest and one which 1is of special importance
because of its applicetion to the large scale commercial fishery
which it is hoped the Volta Lake may eventually support. Consider=-
ing, however, the meagre data aveilable on the fishes of the Volta
as well as the scarcity of fisheries statistics of lended fishes,
very little is yet really known.

From the data collected it was quite evident that Tilapia was

likely to be particularly important and together with Chrysichthys

and Synodontis species might form the largest component of the

commercial gill-net fishery.



At the beginning of the present investigation the Tilapia
population was sufficiently dense and the size of the fish sufii=-
ciently lerge to suggest thet it would provide the besis for an
experimental fishery designed to collect datz concerning the biomess
of the Tilapia species occurring in the Lake. The primary aim was
to analyse these deta in order to contribute to a knorledge of
the life cycle of the Tilapia species in the conditions prevailing
in the Voltes Lake. This detailed work was undertaken in a scheduled
time of field work from Januery to August 1966 to cover both wet and
dry seasons. As will become clear, the eerly sbundence of Tilapia
was not meinteined in the area under survey end as a resull many
of the data collected ere based upon relstively smell samples of
fish., An attempt has been mede, however, within the resulting
limitations, to see what can be deduced concerning the biology of
Tilapiea and to indicete what further lines of research, both in
subject and method, the present results suggest it would be profit-

able to pursue.



IT. IOCALITY

GENERAL DESCRIPTION OF THE LAKE

The Volta Lake, which was impounded from the old Volta River,
is situsted at a low altitude near the Equator between latitude
6 - 9o N and longitude 1° B and 1° We It is set ageinst low surround-
ing sevenna country and also tropiczl rain forest. With the flow of
its riverine tributeries and rein water, it started to fill in lay
196} when the dem was closed., At the present time, there is a large
and continuous flow of water through the hydro-electric turbines at
Akosombo.

The Volta Lake with its complex dendritic outline is estimated
to cover an area of more than 3,000 sq. miles (about 8,000 kmz) and
the perimeter of the shoreline will exceed 4,500 miles in length at
maximum flooding. The lake is comparatively shallow, the average
depth being 30m. These figures, naturally,may undergo considerable
changes as a result of the periodic fluctuations of level from dry
to wet seasons,

Very little has so far been published on the temperature and
weter chemistry of the Volta Leke. In a review of the position
between May 1964 and May 1965, Ewer (1965) reported thet at a station
close to the Dam, apart from a transient daily heating of the most
superficial water layer, there was no thermocline and the temperature
decreased gradually with depth down to about 25., below which the

temperature was almost uniform. The chemical composition of the

weter showed a reasonably clear-cut division into a surface layer



extending down to about 10m.,, then a transitional layer to about
25m and finally a feirly uniform bottom layer. This layering was
markedly displayed in both the iron and ammonia content of the
water end also, but less distinctly, in the phosphate content. It
was recognisebly reflected as well in pH, alkelinity and in potassium.
Furthermore, owing to the absence of a thermocline, a free mixing of
the upper and lower water masses occurred, leading to merked turbidity
and hence poor light penetration. More recent observations (Viner,
1967) show thet these conditions are not typical for the Lake as a
whole and that further north well marked thermel stratification may
occur, while light penetration has improved over all the lake since

the latter part of 1965.

SELECTION OF IOCALITTES

According to Petr (1967) an increase in the numbers of Tilapia
was first observed by August 1965 in the Pawnpawn arez, (lMap I), 2
shallow bay formed by the flooding of a small tributary valley. Catches
from snother sm2ll and sheltered bay near Akosombo in October 1965
showed cichlids to constitute over 60% of the total catch. By the
end of 1965, this trend was also strongly shown at Akosombo. Further
north at both Kpandu and Ampem cichlids constituted at least three-
quarters of the total catch by early 1966. These results are summerised

in Table 1.
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Table 1.

Abundance of Cichlids in catches from difflerent areas
of the Volta Lake, (Data from Petr (1967)).

| Locality F o Date H % Occurrence_-
Akosombo Jan. - April 1965 0.18
Akosombo Nov, = Dec. 1965 35.61
Kpandu Mey = June 1965 | 7.56

| Kpanau | Webwiemy X966 75.09
Ampem February 1966 76.97
Kete Krachi February 1966 18,10

-

This summary thus indicates that populations of Tilapia are widely
distributed in the Lake,

For the present work, it was necessery to select one locality
for intensive study. ~Then the work was being planned, the following
features were regarded as essential for any area selected as a site
for study:

1. There must be an adequate stock of Tilapia.

2. It should be easy to set nets in as much of the

selected locality as possible.
3, As much of the shore as possible should be reasonably
close to a road.
A few places were at first explored including Pawnpawnya fishing
village and New Ajena, but none of these satisfied condition 35; moreover

they lacked both easy communication facilities and sccommodation, After



a careful exeminetion of all reasonebly convenient areas, Akosombo
in the extreme south of the lake was selected es the most suitable
site. (See Hap 1),

Work in this sempling area was restricted to a stretch of shore=-
line running up to three miles north of the Dam, The upstream limit
of the area is the point marked "A"™ on map 2. This area is commonly
referred to as the 'Gorge Region' and includes thyree bays, the largest
of which is Ajena Bay. Compared with the surrounding flet country,
fthis nerrow area of the lake is lodged betwe:zn steep-sided hills
sloping abruptly towerds the shoreline.

The vegetational cover is mainly composed of scattered terrestizl

plants such as Hygrophile laevis (Mees) Lindeu, Cyperus lanceoletus

Poir, Vossia cuspidata Griff., Denbollia voltensis Hutch, Indigofera

baniculata Vahl ex Pers and Sphenochlea zelanica Gaertn which invade

the marginal zones., In this part of the valley, the land was cleared
of vegetation to a considerable extent but has recently been neglected.
Decaying bushes and tree stumps are zbundent along the eastern shore-
line. VWhen the annual reins start in ilarch to April most of the steep
shoreline becomes flooded,

The Lake bottom in this area, examined visually and by feel, veries
to some extent. Apart from a rether limited rocky zrea adjacent to the
Dam, (See mep 2), the principal substrata in all other parts were either
mud or muddy-sand. Of these, mud was by far the more abundent.

This part of the lake lacked any floating aquatic weeds during

the latter months of 1965 but subsequently Pistia stratoites L. and
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Ceratophyllum demersum L, became common, providing food as well

as shelter for the cichlids.
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IITI. MATERIALS AND METHOD (FIELD)

The first phase of this investigation was a gill-netting
programme, Weekly visits were made to Akosombo and on each
occasion a series of experimental gill-nets was set, usually for
a period of three days i.e. 72 hours. As the nets had to be lif'ted
once or twice daily for inspection and the removal of fish, it was
not normally possible to investigate more than one loceality at a
time.

SAMPLING EQUIPMENT

A fleet of nets consisted of five white nylon gill-nets of
diagonal mesh sizes of 13", 2", 3", 4" and 5", each net being only
of one mesh size., Each net in the fleet measured 50 yards by 10 ft.
deep when stretched and settings were made at the surface. In an
attempt to ensure random sampling and to cover the area investigated
with the same fishing effort, settings were made at different locali-
ties on each visit, either along the dem wall, in sheltered bays, off
shore or close to the shores. When the location was inshore i.e., in
the shallow areas and bays, the ends of the head rope of each net
were stretched between inundated trees. It was not easy in some
places to fish nearer the shoreline than 20 ft, since the nets
became entangled in the submerged vegetation and much damage was
done to them. In fact, two nets were damaged beyond repair in this
way in an attempt to 1ift them out of the water for inspection, Off
shore, floats were attached to the ends of the head rope and these
were held in position by means of stone anchors, Here also some

difficulties were encountered since, due to the great depth of the
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water (2bout 40 m), the anchors failed to reach the bottom and
sampling was not satisfactory.

The scheme of setting the nets was either (a) in a long
linear chain parallel to the shoreline as shown in fig.l, the
positions of the nets being changed rendomly at each setting, or
in a serial manner with respect to the shoreline (fig.2), the
positions of the nets also being changed at random.

By the use of the graded series of nets it was hoped to
,cetch as many stages of Tilapia species as possible in order to
estimate the structure of the entire Tilapia population and also
to make possible the determination of the relative abundance of
different age and length groups.

In this investigetion there was a totzl of 87 fishing days
and on days when no experimental fishing was underteken samples
of fish from the local fishermen operating from Akosombo as well

as cast-net samples were examined,

ICHTHYOLO GICAL DATA

A record was made of the total weight and numbers of each
species caught in each mesh size. Species other than Tilapia were
identified by reference to Blache (196)4), Daget (1954) and Irvine
(1947). Tilapia species were identified with the aid of keys by
McConnell (1955). In order to save time in the field, counting
of £in rays ete, to distinguish T. melanopleura (Dum) from T. zilli
(Gerv), were ignored,thus these two species are referred to subse=-

quently as T. zilli/melanopleura.
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A record was also made of the stendard and total lengths
(in cms.) of each specimen of Tilapia, its weight to the nearest g
as well as its sex. In sexing, males were distinguished from females
by the shape of the genital papilla, which is coniczl with one
aperture in the male but broader and bluntly pointed with one aper=-
ture and a transverse slit in the female (ilcConnell, 1955). (See
also fig.3).

Each fish was then dissected to remove the gonads, the stage
of maturity being recorded using the scale proposed by INikolsky (1963).
S;ales were takeq from the region between the lateral line and the
insertion of the anal fin, These scales which were put into marked
envelopes were used for the examination of seasonal or spawning marks.

The identification of the fish and their measurement can be
regarded as satisfactorily accurate but the records of the stage of
maturity of the gonads can only give a rough guide since the distinc-
tion between the stages is not clear-cut and to this extent liable

to error,

PRESERVATION OF MATERTAL:

The gonads were fixed and preserved in Bouin's Picro-formol
(Picric acid sat. soln., 75 parts, 40% formalin 25 parts and glacial
acetic acid, 5 perts). This fixative was chosen because the solution
keeps indefinately aﬁ& causes little shrinkage of tissue layers., It
also stains the object yellow so that small specimens are easily seen
during embedding and sectioning. Gbﬁects can also be left in it for a
considerable time without injury and it gives excellent anatomical

pictures (Guyer, 1953).
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The fishes were preserved in 107 formalin but the scales
required no preservation,

On returning to the laboratory the measurements were trans-
ferred from a field notebook onto record cards for easy reference.

The testes (apart from being weighed) were not subjected to
any examinetion, Both ovaries with their outer ovarian capsules
intact were weighed to the nearest mg and a weighed portion dissected
under a binocular microscope., The number of eggs ih the portion of
oyary dissected was counted differentially with respect to size,
appearance and stage of development, The various categories esta-
blished for this purpose are described in section VIII. Eggs less
than 0,19 mm, diameter were not counted. It was thus possible to
calculate the number of eggs greater than 0,19 mm, diameter in the
entire ovary.

The fixed material of ovaries was washed in 70% ethanol, dehy-
drated and sectioned at 15 B Sections were cut at three levels
namely the anterior, middle and posterior regions, Satisfactory
results were obtained if, before staining with haematoxylin, the
sections were passed through a 1% solution of potassiun permanganate
until brown and then treated with 1% oxalic acid until colourless,
the acid being subsequently washed away in distilled water,

The sections were then stained in the usual way with haema=
toxylin and eosin. This preliminary treatment with potassium perman-

ganate results 1in more vivid colouration of the sections (Guyer, 1953)-
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HYDROIOGICAL AND METEOROLOGICAL DATA:

Hydrological sampling was carried out to determine the influence
of various factors on the fish populations. A stztion B (see map 2)
was established a2t which routine hydrological investigztions were
carried out once a week at 0700 hrs. pH was determined with a Lovibond
comparator and filter discs. 'ater samples were tzken and oxygen
concentrations determined later in the laboratory by means of the
Winkler method (Mackereth, 1963). Temperatures of the air and of
water at 0.3m below the surflace were observed.

Data on water level as well as meteorologicel datz were obtained
from the Hydrological Unit of the State Construction Corporetion.

These data were supplemented by observations made routinely by
Dr. 5. Biswas and Mr. R. Attionu at a sampling stetion shown as C on

Map 2 and included pH, alkalinity as well as temperature and dissolved

oxygen at a number of depths.
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17.  SPECIES COMPOSITION AT AKDSOMEO.

The history of the formetion of the Tilapia stock af'ter the
closure of the dem can be obtained from a study of the species
composition of the catches. Data both upon the initial build up
and subsequent changes in the size of the Tilapia population may
be sought not only from routine nettings such as those undertaken
in the present study, but 2lso from records of fish caught commer-
cially. These latter data are however of very limited velue., TFisher-
men are inclined to use only large sizes of gill nets and hence
commercial catches from gill nets give no indication of the numbers
of young fish present in the Leke and due to be caught in the future.
Furthermore, fishermen are apt to stop fishing when catches decline
seasonally due to migretion to other places and so their records do
not provide adequate material for assessing fish abundance at any one
place. Thus although these records have some value for general
information they were not used for the present work which was a
comparison of the changes in the occurrence of fish,

Comparative data of greater velue can be obtained from routine
observations made by the Fisheries Division at Akosombo from January
1965 (Fisheries Report, 1965). They show (Table 2 and fig.h,) the
marked change in the relative abundance of Tilapia between the early
months of 1965 and the final months of that year. Associated with
this change was a striking decline in the azbundance of Alestes species
and an increase in thet of Chrysichthys species, the latter displacing

the former from its dominant position in the catch.
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The dsta collected by the Fisheries Division both during
1965 and 1966 are not beyond criticism, Their catches were mostly
limited to 3" nets and a selection was made of the total catch, only
specimens which could be considered as being in merketzble condition
being counted, It is clesr that if deta are to be collected which
will be of velue for comparison in subsequent years, a fleet of nets
should be used and the total cateh, regardless of condition’recorded
S0 as to avoid any arbitrary selection based upon some subjective
opinion which may itself vary with time,

The data shown in Table 5 and fig.5 summarise the total catches
in the fleet of nets used in the present investigation between J enuary
and August 1966. No attempt is here made to differentiate between
catches from the different nets and catches from different localities
as described before. Out of a total of 4092 fish caught during the
period, 1877 were Chrysichthys spp. representing 45.907 of the total
catech. This genus was predominant in the total catch which included

twelve other families of fish. Synodontis spp. was the next most

abundant fish representing 19,207, followed by Tilapia spp. (11.30%).

Of those species regularly occurring in the catches, Auchenoglanis

was least abundent, forming only 0.107 of the total catch., Certain
other species of fish which occaslonally appeared in the gill nets
were nevertheless commonly caught by other types of gear. TFor example

Clarias and Heterotis are often caught by hook and line,

The data shown in Table 4 and fig.6 summarise the catches made

by the Fisheries Division over the same period. It will be seen that

they reflect the same genersl picture with Chrysichthys as the dominant
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% 8PP, OCCURREICE-IN DIFTnFir: JONTHS
JAITUARY -AUGUST 1966

Data supplied by Fisheries Division, Akosombo,

TABLE L
i ‘_ Jenuary February llarch 4 Ap;:itf ay *:J: 1.:.1’1& __J uly
Spp. N « r'* \ o’ - T o 1 & a?
104 7 No, i Mo.] 7o Mo, | <0 No.| ¢ 1io. b Mo, pf
r . - S R SRR S
Chrysichthys spp. ! 204 30,68 12 [54.39 |29 | 60.41 {334 B6.75 | 361 80,04 { 433 {77.18 {191 79.90
Alestes spp. 10 1,50 1 0.0 - - - - 2L | 5.32 3 0.53 - s
Distichodus spp. 10 | 1.50 - - 1] 2.08] 6 {1.56] 10| 2,22 26| 4.6k { L4 | 1.68
Lates 22 1 3.31 153 5.70 | = = = - - - 11{0.18 E B - l
| |
Tilapia spp. 64 | 9.63 36 115.79 |11 122,921 31 {8,051} 22 | 4.88 60 {10,70 ; 9 3.?9i
['0 ther spp! 355 15338 | sk [25.68 | 7 |ue59 | m [3e6n | 3 | 7es | 38 { 6.77 4 35 {1h.6h |
D — --»-1!-— — el . . ..‘,_.,.....l_ - e i - -.-a-.a--mI
665 228 | 18 385 | L51 561 J 1239 I-
- PR e i s e IS N JENRT TSR SN e

; 4 - 3 i i " f ' TTere
"Other spp." include Synodontis (majority); Schilbe/Butrooius, lydrccyru

Ophiocephalus, Ctenopoma & l.ormyridae.
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species, followed in relative sbundance by Tilapia and then by

Synodontis. The number of Synodontis species is not noted but

information indicstes that the majority of fish lumped as "other

fish" were in fsct Synodontis species., Personal observations of

the catches of the local fishermen showed a similar situation.
It seems from figs.4 and 5 that species of fish can be classified
into:
(a) Those with permanent or stable ocourrence such as
Bagridae and the eichlids and

(b) Those with seasonal occurrence such as Distichodus spp.,

Lates and Labeo spp.



CHANGES IN THE RELATIVE ABUNDANCE OF FISH
DURING THE PERIOD OF INVESTIGATTON

An examination of Tsble 3 shows thet there are two distinct
changes which occurred in the population of fish at Akosombo during
the period of study. The first concerns the absolute numbers of fish
caught, As can be seen, the total numbers of fish caught showed

marked fluctuations from month to month, The total catch was excep~

tionally high in January partly owing to a remarkable abundance of

Synodontis, fell sharply in Februery and then rose egain during lerch,
April and liay to show a further steady decline during the remaining
three months. At one time it seemed thet the drastic decline in the
number of fish caught might be due to the theft of fish from my nets,
but remaining overnight in the vicinity of these nets in order to
ensure thet they were not interfered with led to no improvement in
the catches. Unfortunstely the data collected by the Fisheries
Division cznnot be used as a check on these observzations as the
fishing effort in any one month was variable and consequently total
catch figures are of doubtful significance. There is, however, in
these data the suggestion that the total fish population had started
to decline in July and fugust. This was significant inlg.galilaeg
in which the catch/fishing day was 10.69 in January and February and
2,02 from March to August, (p¢O01). It is noteworthy that the
commercial fishermen started to lezave Akosombo for other fishing
grounds towards the end of May and early June, a fact in keeping

with the conclusion that the total catch had started to decline at

this period of the year.
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Comparisons of the relative zbundance of different species
within the cetch of any one month are of uncertain validity and have
to be approached with caution. Thus for example the percentage

occurrence of Chrysichthys rose from 21.707 in Januery to 56,07% in

February and fell again to 36.37% in March, (fig.7). It does not
follow thet these figures really reflect any absolute change in the
abundance of this fish. If the February data are taken as a point
of reference, it will be seen that the low value in Januery is

primarily the result of the exceptional sbundence of Synodontis and

that had this not occurred the percentage abundance of Chrysichthys

would have been 47%, Similarly in March the percentage abundance of

Chrysichthys is again lowered by a greater abundance of Synodontis

than in February., Had this change not taken place Chrysichthys would

agein have constituted 47% of the total catch. This is not +o imply
that the population density of Chrysichthys was constant, but simply
to emphasise the limited value of the present type of data and the
fact that the significance of abrupt changes in relative abundance
from month to month must be assessed criticelly,

As far as Tilapia is concerned, the percentage sbundance recorded
in any month will be affected by invasions of other species in a similar

manner to that of Chrysichthys and here again it is the sharp variations

in gbundance of Synodontis which is a2 major factor. It seems possible

to arrive at a more accurate picture of the relative abundance of Tilapia

in one of two ways. The first is to discard completely all counts of

Synodontis; the seeond to express the abundance of Tilapia relative to
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that of Chqgsichthx& as the only other fish occurring in sufficient

numbers to make certain thet small catches are not biasing the results.
The outcome of such an analysis is shown in Table 5, in which it can
be seen that the abrupt changes in relative abundance between January
and llarch are markedly smoothed out by the two altermative methods of
calculation. At the same time all the results point to a sharp fall
in the relative abundance of Tilapie spp. after %pril.

Reviewing Table 3 as a whole it seems possible to recognise
three patterns of change in relative abundance,

(2) A more or less constent relative abundance over the whole
period of study, This would appear to be true of Chrysichthys and
may also apply to some of the other species which appeared only rarely
in the catch, but the numerical data are too few to permit any con-
clusion being drawn.

(b) A high relstive abundsnce during the early months followed
by a marked decline or complete disappearance, with some possible signs

of recovery in August. This would appear to apply to Tilapias, Synodontis

and Lates, although the last species showed no late recovery,
(e¢) A marked increase in reletive abundance starting perhaps in
March and becoming clear-cut in April, lMay and June. Such a pettern is

shown by Ctenopoma and Hemichromis and by the two schilbeids.

These chenges in relative abundance must be distinguished clearly
from the general decrease in 2bsolute sbundence characteristic of June,

July and August,



TABLE 5,

7o RELATIVE A5U DAICE OF IILAPLIA SPECIES Il DIFYoLIiT

Y fk.] rﬁd -S *

JANTUARY = AUGUST 1966,

L

%o Occurrence of % Occurrence of Tilepia as jo of
Tilapiea of total Tilapia of total Tilapia plus
catch catch less Syno=- Chrysicthys.
dontis,
January 10,80 22,98 35%.25
q
| February 35.15 36,07 38453
March 20,11 26,26 35,61
April 11, 30 12.28 17.51
May 4.83 8.41 7.09
June 5.10 5420 9e 23
July 3.81 2.91 4.57
August 10.23 135,04 21.69
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Fig.8 shows not only these dsta but also values for the mean
monthly rainfall, lake level, temperature at 0.3 meters, dissolved
oxygen from both the surfzce at the sampling site end from a depth
of 5 m. at Ajena as well as Secchi disc readings from the station
at Ajena. The last two values were obtained by Dr. S, Biswas and
Mr. R. Attionu,

It will be seen that of these factors only rainfall) and Secchi

disc readings show any merked seasonal variztion and it would appear

probable that the decrease in relative abundance of Lates, Synodontis
and Tilapia correlates with the advent of the small resins. The increase

in relative abundance of Ctenopamg and Hemichromis shows a similar but

opposite correlation. It is possible that the generzl decrease in the
absolute numbers of fish after lay may correlate either with the
decreasing precipitation or, more possibly, with the rise in the level
of the Lake which occurred towards the end of the period of observation,
However, confirmation of this is required in the following year,

It is possible to recognise a variety of factors which could
lead to these changes in the composition of the fish catch. Among
these are:

(a) Seasonal migrations awey from one region to another in
search of preferred food., Such an event might perhaps be the origin
of' the disappearance of Lates which is a predator,

(b) Seasonal migrations away from a feeding ground to some
preferred spawning area .

(e) Seasonal migrations into the azrea which is a preferred
Spawning ground but not favoured by the adults outside the breeding

séason,
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Clearly only the accumulation of Purther data and the inten-

sive study of the habits and habitats of particular species will

show whether these op other factors are the cause of the changes

observed,

Finally, it seems possible thet the rise in lake level nay

have resulted in a2 change in the general abundance and quality of

food in the area with the result thet it became generally less

acceptable to the whole fish population,
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commonly subject to casualty. The present data do not allow any
decision to be made between these possibilities,

Reports stating that Tilapia males are larger than females
have been made from a number of localities; in other cases, however,
no difference in maximal size between the two sexes has been found,
These results have been summarised in Table & where it will be seen
that in two localities, L. Muleyhe and L. Bunyoni of East Africa,
females reached a greszter maximal length than méles. It is clear
from these sometimes conflicting accounts thet size differences
between the sexes is slight and no explanation has been offered as
yet to account for the differences between the results obtained by
different workers with the same species from different localities.

Figs. 12, 13 and 14 show the same data replotted without regard
to sex. An examinsztion of the length-frequency distribution for

Tilapia nilotica strongly suggests thet four distinct size classes

are represented in the populzation, The same tendency may perhaps be

recognised in T,galilaea but in this case the cateh is completely

dominated by the size class arbitrary numbered IT and the presence
of representatives of the other three size classes is litile other

than a reasonable surmise. With T.zilli/melsnopleura there are

specimens whose modal lengths appear to agree well with the classes

I and IT recognised in T. nilotica, but beyond this it is not possible

to recognise any distinct classes, although the results sugzest that

at least one further size class is represented by the largest individuals
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TABLE 6
Size differences betieen the sexes of filapia
specles from different loczlities.
I . - — —
SPECIES LARGSR FISH LOCALITY AUTHOR
ca s L i = R
T Nilotien 5:} Q L. Rudolf Jorthington & Ricardo
(1936)
" 5} Q L. Baringo ) ‘orthington (1929)
‘ o J: g L. Rudolf \:]I
" " L. Albert ) _ |licConnell (1958)
" " L, Edward 3
" " L. George )
" ? ). _6 L. ‘uleyhe ) :lcConnell (1958)
" Qy @ L. Bunyoni
H > Q Suhuku lagoon
. 7> (L. Albert) Lowe (1958)
? Kijani pond
. zilli 69
Teso Dais E.A.7.R.0. (1953)
« leucosticta 6' > Q
T. melanopleura d.)-Q Belgian Congo | De Bont & de Bont-llers
(1950)
T. mossambica 6‘ ) g Indonesia Vaas & Hofstede (1952)
Te nigra d') Q E, Africa Brown & ven Sonmeren
(1953)
L. Jipe Tilapia §yq L. Jipe E.A.F.R.0. (1953)
(Taveta pond)
| T. karomo d')g E. Africe "
T. leucosticta §>Q " "
Te sql.larnipinnlsg Z Q &, vEse Lowe (1956 b)
T. lidole
. esculenta ) ) '
{ _ ) 8- 9 L. Victoria "
T. varigbilis )
T, varisbilis d')Q ! E.A.7.R.0. (1953)
*T, variesbilis 6': ?)
*T, nilotica 6= ¢{ | E. africa "
T, 2illi | & ¢ el

#Same rate of growth until mature and then

differential growth determined by environmental
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in the populstion. The model lengths of these admittedly arbitrery
size classes are shown in Tzble 7 below:
All lengths are in cms.

Table 7: llodal lengths of arbitrary size classes of Tilapia species.

%- SPECIES
Size Class T.nilotica T.galilaea T.zilli/melan
I 13.0 12,0 12,0
IT 19.0 19,0 19,0
III 2340 25.0 -
H IV 27.0 | 29,0 27.0

These values show a siriking consistency from species to species
and raise immedistely the question of whether the size classes are
reflections of the sampling procedure rather than the structure of the
population, Unfortunately, scale reading of Tilapia was not possible
for Lake Volta population. Some vague formation of crowded ecireculi
observed were much too faint for providing reliable indication (plate ¥
The breeding seasons are so ill-defined that attempts to trace length-
frequency modes are generally unsuccessful. Any scale rings present
appear to be spawning rings.

An attempt has been made to assess the effect of net selection
upon two model populations of contresting characteristics. In this,
certain assumptions have been made to simplify the processes of calcula-
tion. These are discussed below:

1, That the catch of any net is distributed in a "“normal" manner



Fige 1. Togalilaea (female) scale. 10 X. 12 cm total
length,

Fig. 2. T.galilﬁéa (female) scale, 10x. 20.2 cm total
length.
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about the mode, The validity of this has been tested using data

for T.galilaea, the species most commonly teken, and the 3 inch net,
which was the most effective. Fig.1l5 shows the observed catches from
the net, together with a curve of expectetion of catch assuming the
sameé mean length and standard deviation., Tt 1s imnediestely clear

thaet the practical curve is skewed to the right (4, = 40.99; p=%0.02);
the curve also shows thet the distribution is clearly leptokurtic
ge2='+.61+ ; P=€0.01) and when tested byxz the practical curve is
'significantly different from expectetion (p*(O.Dl). "evertheless it
Wwas consicered that the assumption was, to a first approximation,
acceptable since what was sought was the general charzcter of the

catch characteristic of the fleet of nets ang not accurate quantitative
values.

2. It is further assumed thzat the behaviour of the fish towards
nets of different mesh size is identical and thet, say, small mesh nets
are not avoided to a grezter extent than large mesh nets,

3. The chesracterisation of the five nets required a knowledge
of the modal length of fish caught by each mesh size as well as the
range of sizes of fish taken. Table 8 shows the practical velues of

the range of sizes taken; these deta are plotted on fig.16.
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TABLE 8,

Size range of Tilapia spp. caught in I 2, 3, &4 and 5 ins,
experimental gill nets,

1 e —
Species Mesh size in inches.
= T —
Range in ecms. 13" 2" b L 4" 5
T. galilaes 10 - 12 11 = 14 | 14 - 28 17 = 34 23 = 33
T. nilotica 12 - 19 12 = 13 16 = 26 20 - 29 -
| T. zilli/melen. 11 -19| 12-17) 13 -21 | 21 - 25 -
L -
N 37 53 362 81 9

,fwi-' e )
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It will be seen that the values for three of the nets fe11 upon a
straight line and it has been assumed that the correct values for
the 2-inch and 5-inch nets may be obtained by assuming a linear
relation between catch-range and mesh sigze.

The model length of fish caught by each net was determined
in a similer feshion by assuming thet the mode would lie at half
the range above the minimel recorded size (fig.17). Thus for
example if the smallest fish caught in & net was 10 em. and the

estimaeted range was 8 cm., the mode was teken as 14 cm.

With these assumptions the characteristics of the fleet of
nets could be approximately described. Two cases were now studied,
In the one it was assumed thst all lengths were equally abundent
in the population and thet the fishing intensity of &1l nets was
equal so that the same number of fish were taken at the relevent
modal length by each net, This seems 2 more reasonable assumption
then the alternative that an equal number of fish were caught by
each net, if it is assumed that 211 fish have zn equal opportunity
of being caught,

The other case was one in which there is a single population
with length normelly distributed around a meen determined from the
total celculated renge. It was here assumed that any net catches
individuals to an extent determined by their abundence in the
population and the czteh characteristics of thet net,

The composition of the catch, expressed as length-frequency

diagrams, for these two extreme conditions are shown in figs,.18 and



19. It will be seen thet the expected catch characteristiec of the
normally distributed population reflects the structure of the stock,
but thet the form of the curve is very merkedly leptokurtic, Vith
& populetion randomly distributed in size the catch cherccteristic
does not reflect the structure of the population nezrly so closely.
As might be expected, it shows a repid uprising at the shortest
lengths caught, a trough due to insufficient coverage between the
two inch and three inch mesh size and a long teil at the greater
'lengths.

With these results it is possible to draw certain tentative
conclusions about the structure of the naturally occurring popula-
tions. The cetch characteristics for the three groups hesve been
standardised in fig.20 by reducing each length frequency to a
percentage of the total catch. It is cleczr thet the catch for
T.galilaea resembles to a certzin extent the czteh cheracteristic
in fig.18., This should not be interpreted as implying thet the fish
present are a single population with a considerable variation of
length within the populstion. This mey be the cese. It is also
possible that the peak around 19 cm. length reflects the product of
an exceptionally favourable spawning period, a period in which,
assuming almost equal growth rates, all three species enjoyed highly
productive spawning.

The curve for T.zilli/melanopleura diffeers from the other two

in showing a marked peak around 12 cm. From the results of the model

represented in fig.18, it appears reasoneble to conclude, not only
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thet this difference is real, but that it reflects a second popula-

tion or successful spawning time which was missed by T.galilaea and

T.nilotica, It is possible that the small peak on either side of

2/ cm., in the curve for T.zillL/melanqpleura may represent a third
successful spewning period, but this conclusion is very inadequately
supported by the evidence.

From the model catch characteristics it seens likely that the
wide mesh nets sampled fish up to the naximal size occurring and
that T.galilaea reached, in this locelity, significantly greater

lengths than T,2zilli/melanopleura.

The curve for T.nilotica is not easy to interpret. The trough

around 21 cm. might well be due to the small size of the total sample
and no saf'e conclusion can be drawn here,

These data were also broken down into cctches during the dry and
wet sezsons in the hope thet informetion upon the growth rate might be
obtained. Inspection of these results figs,21-24 suggested thet when
the data were further subdivided in this manner they were too sparse
to allow any valid conclusions to be drawm.

To sum up, the length-frequency disgrams suggest either that the
variation in size within any age group is considerable or that there
are times when spawning is more successful than others., The former
interpretation applied to the cese of T.zilli/melanopleura would imply
that a considerable interval occurred between spawnings as the two

supposed age categories differ in mean length by about 7 ecm. and that

T.2illi/melanopleura also perhaps spawns more frequently than T.nilotica
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and T.galilaea which showed no significant peak in the lower range

of distribution, The latter interpretstion assumes th=t there is
no specific spawning season but that; spawning may continue possibly
throughout the year although it may be more productive at certain
particular times.

A study of the reproductive biology of the species may assist

in deciding between these alternative interpretztions and this matter

is now considered.



«+. SEX RATTO IN TILAPTA SPECIES.

In considering the reproductive biology of Tilapia it is
convenient, before considering problems concerned with sexual
maturation end fecundity, to examine the sex retio,

Sex retio is the number of males to femeles, expressed as
& percentage of the totel fish of the same species in the sample,

At first sight, it seems thet the sex retio is constant and
unchanged, but closer analysis shows that the sex retio may very
with time, age and habitzt.

Krizeneck§ (1914) writing from a generzl point of view states
that ".... the determination of the sex is ref'lecting the metabolic
changes in orgenisms, the sex is 2 result and a consequence of a
particular metabolic rate."™ liore recently, Hoar (195?) writes
thet the mechanisms determining sexuality in fishes are unstable
and it is therefore not surprising that the proportions of sexes
in different broods of fishes may be modified artificially. Alm
(19&6) has been concerned mainly with studies on ecological influences
affecting the sex ratio and he, together with others, has demonstrated
the 1lability of sex ratio in different ecological conditions. These
conditions may affect the number of females in a semple, in a month,
in the season of the year, in a length group or in the totzl catch
of all species combined, or considered separately.

Sex ratio may be divided according to Krizeneckf'(l955) as follows:

(a) Primery sex retio at the time of fusion of the gametes when the

zygote, the new individual of the new generstion, is created,



(b) Secondary sex ratio which is expressed by the nunber of
females a2t hatching and
(c) lertiary, which is the sex retio in adult specimens which
are capable of teking part in sexual reproduction.
lleny fectors mey influence the sex ratio of a species at

birth, In Cembusiz holbrooki (Grd) there may be great fluctuation

from the 1 : 1 averesge not correlated with water tempersture or
season (Dulzetto, 1935 ex lioble, 1938)., In a cichlid closely
related to the jewel fish, Thumm (1908 ex IlToble, 1938) has shown
thaet old femeles mated with young males gave progeny which was
predominantly male. On the other hand, the same males mated
later with a young femele, gave zbout 400 young, of which 300
were feneles. TFertilization of the eggs of trout (Huxley, 1923)
immediztely on shedding resulted in 2 preponderance of fenales,
while a considersble delay in fertilization zf'ter stripping
resulted in a preponderance of meles. Rezring temperatures,
food supply and aveileble space (Eberhardt, 1943 ex Hoar, 1957)
have been showm to alter sex ratios.

In this investigation, the determinestion of the sex retio
was limited to adult specimens only.

The sex ratios of the Tilapia caught over the period of
study is summaerised in Teble 9. Trom this it will be seen that

apparent differences occur. Females are predominant in T.galilaea

and T. zilli/mel. but the average sex ratio of all the specimens

together is 1:1.
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Table 9, Sex Ratio of Tilapia species.

Species No, of | llo, Gf_Thfatal £y 8s % 95 Sex P
o 0s Ratio
T.galilzaea 144 170 314 L5.9 [54.1 | 1:1.18 ] .10
T.nilotica 107 81 188 56,9 | 43.1 { 1.32:11] .05
T.2illi/melen, 66 72 138 | 47.8 [52.2 | 1:1.09( .70
All species 317 323 640 49.5 | 50,5 { 1:1,02] .80

iy effort was thus to discover where and under what conditions
males predominate, females predominate or when the sex retio is equal,
Fig.25 and Teble 10 shows the sex raotio (expressed in §. Pemales)

of T.galilaea in different months of the yeer, It is obwvious that

except in I'arch, l'ay, June and August, females were the predominant

sex. There was a decline in the number of females from January (68,7%)

to June when no females were collected, Femeles agein predominated in
July (66.7") decreasing in August to a value of 37,5%. Except in
January and June these differences are, however not statistically
significent, p being ».5. In Januery p is {.001 sugzesting theat

T, galilaea females predominated at this time. The totzl cateh in
June was so small as to make impossible any assessment of the sex

ratio,

The pattern was different in T.nilotica. Fig.26 indicates this.

Over 64% of the catch in January was made up of females whilst males

predominated from February till July renging from 55.2% to 80.0% with
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& maximum in llay, Females had again become abundant in August
(63.2%). Exeminetion of the data in Teble 11 shows that during

the period from Yerch to July males constituted neerly 68% of all
catches. Many of these monthly figures were however so small as to
make statistical treatment of the results from individual months
valueless., “‘hen the totzl cztch over the period of five months is
summed the probability that the ratio observed is significantly
different from 1:1 is » ,001. There seems little doubt thet during
this period males predominated in the populstion being sampled.

In the first four months of the yeer, femele T. zilli/melano-

pleura were abundent in the cetch, p being .10 (see £ig.27 and
Table 12). There was a decline afterwards in llay and June, p).10,
with 2 minimum of 27.3% in May but on both occasions the total catch
was small., The number of females increased agein in July (71.4%)
but fell to 33.3% in August when again the total cotch was small,

p being »«10. The ratio observed is not significantly different
from 1:1, males thus predominating in llay and June and agein in
August.

In the combined Tilapia species (fig.28 and Table 13), the
general trend of affairs was comparable to that found in the species
taken separately. There was a preponderance of females in January
(67.5%), p {.001 with a progressive decline to 2 minimum of 33,3%
in May and June. In February, p).BO, in April p)» .80 and in July

and August p) .80 which suggests that there was an equal number of
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Table 10:

Sex Ratio Uf.z- galilaea in different months.

i h __.-—-j

Month No. of 8| No.of ) Total % & % Q
Jan, 31 68 99 513 68.7
Feb, 35 37 72 48,6 51ele
Mar, 29 21 50 58.0 42.0
May 12 8 20 60,0 40,0
June L - L 100.0 =
14, 170 314
p = > 105



= 60

Table 11: Sex Ratio of I. nilotica in different months
Month | lNo. of & | No., of Q Total % & g
Jan. 6 11 17 L 6o 7
Feb, 32 26 58 55,2 44,8
Mar, 27 1 41 65,9 34,1
IAPI'- 6 3 9 66-? 3313
May L 1 1 5 80.0 20,0
June 6 L 10 60,0 40.0
July 19 10 29 65.5 b
Aug, ¥ 12 19 36.8 63.2

| —-—
| i 107 81 188
p = > 105




Teble 12: Sex Ratio of T. zilli/melenopleura in different

months.
lionth | TNo, of d| Tmo., of 2 | Totel % & % @
+ - -
Jan. 4 6 | 10 5.0 | 60.0
Feb, 10 17 L 27 | 370 | 63.0
i
lar, 20 22 ™ i 47.6 i 52,4
Apr, | 6 10 16 37.5 | 62.5 :
‘ 1 4
Vay 8 3 11 727 i 275
I
June 6 L ' 10 60.0 ! 40,0
July 2 5 7 28,6 71l.4
Aug. 10 5 15 66.7 33.3
66 72 | 138 5

P:)-OS




Teble 13: Sex Retio of Tilepie species in dif“erent months

— -

lionth | lo. of & | fo. of g ! Total | o &1 % 9
Jan, 41 85 l[ 126 | 32.5 67.5 "l.
Feb. 79 78 157 | 50,3 | 49.7
Mer. 75 58 133 56.h | 43,6
Apr. 39 41 8o 48.8 51.2
ley 24 12 L 36 66.7 33,3
June 16 8 2l 66.7 5343
July 23 19 42 54,8 } 45,2
Aug. 20 22 42 476 | 52
i L 317 323 B 640 U

p* 7 -08




males to females in these months. In March, p {.20, in May p .05
and in June p{ .10, These ratios zre however not significently
different from 1:1, but suggest thzt there was an excess of males
in May though this requires confirmztion,

Iothing conclusive cen be deduced from these epoerent varia-
tions in the sex ratio throughout the period of study except to say
that the ratio is 1l:1 month after month, _

Lowe (1952, 1956 a & b) has shown thet in Lakes Victoria and
'Hyasa ripe Tilapia generally congregate in the spawning areas and
are rarely caught in other parts of these lakes, A preponderance
of males in catches is found in a spawning area as the ripe males
move to and remain in these areas for considerable periods, whereas
the females pick up the eggs into the mouth as soon as they have
spawned and move off to the "brooding grounds". This results in
segregation of the sexes immediately after spawning., It also means
thet seasonzl veriations in the abundance of ripe fish can only be
estimated by fishing in the spawning areas. For this reason it is
difficult to collect samples which represent the sex ratic in the
lake as a whole,

Observations in shallow, clear water near Akosombo indicated
that breeding males established breeding territories close to the
shore in the spawning grounds, where a nest is prepared below about
two feet of water., A male moves out to meet a female and, when she
is in an active breeding condition, leads her into the territory

where spawning activities start. After spawning, the female moves




away and the male keeps a close watch for other passing females.

This hapoens in the mouth-brooders, T. galilaea and T. nilotica

but in T. zilli/melanopleurs which are substrate brooders, both

males and feneles guard the eggs together. On many occesions,
the water was too opaque to allow such nests and breeding habits
to be observed.

The area sampled by the gill nettings was not however a

spawning ground and, with the exception of T. nilotica the sex

ratios over the period examined do not diffeer significantly from

1:1. In the case of T, nilotica there is fairly clear-cut evidence

of a movement of femzles away from the fishing ground between
March end 'lay. The reason for this may become clear when the state

of sexual maturity of the fish has been considered.



/11. MATURITY AND FECUNDITY

In studying the fecundity of fish it is necessary to know the
stage of growth at which maturity is first achieved znd also whether
there are distinect well separated spawnings or spawnings recurring
at frecuent intervels, Clearly, a fish which has to grow to a
considerable size or age before reaching sexual maturity is likely
to have a lower reproductive potential than one which reaches sexual
maturity rapidly, unless this should be off'set by very copious egg
‘Production. Again, fish which spawn repeatedly at short intervals
might be expected to have a higher reproductive potential than
those which show g limited breeding season, although this difference
may agein be affected by the total number of eggs laid at each
spawning.

The habits of the fish in these connections are, from a
practical viewpoint, of importsznce in terms of management since
clearly the protection of the breeding grounds, eggs and fry of

a seasonally spawning fish provide different problems from those

of a fish wnich breeds azlmost continuously. 3Similarly any considera=-

tion of mesh size limitation will be influenced by the size at which

the species concerned first reaches sexual maturity,

To errive at a picture of the breeding habits of fish, exemi=-
nation must be made of the state of the gonads, and especially the
ovary, of individuals of different size and at different seasons

of the year. In the present study attention was concentrazted upon

the ovary and observations in some cases were limited to T.galilaea




as the techniques involved were time consuming and it was possible
only to examine z limited quantity of material, The usuzl methods
employed may involve both gross and histological examinction of

the ovary.

THE OVARY:

The ovary of Tilapia is elongated and tapers anteriorly., It
is suspended in the body cevity along its entire length by the meso=-
varium, Blood vessels enter the ovary along the length of the
mesovarium and ramify through the mediodorsal portion. The ovaries
of small, middle and large-size Tilapia are longitudinally paired
structures and fusion is only evident in the oviducts at their
junctions with the ovaries, Chacko and Krishnamurthi, (1954) have

reported that the left ovary of T.mossambica Peters in MNadras is

slightly longer than the right. This is true 2l1so of the three
species studied here,

The texture of the ovary ranges from floeccular, almost
testis=like in the young, through microscopically granular in
juveniles, to grossly granular, verying with the size of the
individual eggs, in the adult. During the breeding season the
surface of the ovary assumes a beaded appearance as it becomes
distended with maturing oocytes. IFreguently also the organ under-
goes striking colour changes, renging from whitish in the young
female to greenish or yellow in ripe adults owing to the deposition

primarily of yolk and secondarily of pigment within the enlarging

oocytes, Just before being laid, the eggs become enlarged.
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The proportion of the body cavity occupied by the overy
varies with the stage of sexual maturity of the femsle. “/hen
ripe, the overies may comprise quite a larse portion of the body
weight, At the height of the breeding seeson they expand and may
distend the body wall of the female,

Zuckerman (1962) states that, in fish, oocytes undergoing
growth encd maturztion occur in the more ventral portions of the
overy. In many teleosts, eggs cre shed into an ovsrian cavity
on the ventro-lateral wall of the ovary and pass to the exterior
through a duct which joins the caudal portion of the organ., The
overian wall is lined with folds or lamellae each consisting of
a central layer of spongy connective tissue and an outer layer
of germinal epithelium from which eggs develop. ™In some teleosts,
the ovarian cavity is formed only when mature follicles: rupture by
a hollowing-out of the internel tissues (e.g. Tilapie, Aronson and
Holz=-Tucker, 1949)".

My observetions show that in Tilapias species the ovarian
capsule is continuous with the oviduct ~ the cystovarian condition,
The ovary develops a highly complex system of ovigerous lamellee
from the overian wall in which young and mature follicles are
randomly distributed. Each lamella consists of a central layer
of spongy connective tissue and an outer layer of germiral
epithelium. The eggs develop from cells of this germinal layer,

end as they grow they fill the lamella, At the time of spawning,

eggs are released into the central cavity of the organ, not through
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the body cevity (fig. 29) and pass down the common oviduct. From
the oviduct the egg is extruded through the genitel papilla, which
lies im edistely behind the anus, In the fensle the pepille is

broader and the oviduct opens from this as a transverse slit

(McConnell, 1955 b) (fig. 3).

THE ONSET OF SEXUAL I ATURITY

The onset of saxuzl maturity may be ascertzined either by
histologicel examination and measurement of the developing oocytes
or by dissection of the ovary followed by a sorting of the egys
into difTerent size cztegories and differeintial counting. The two
methods may be expected to give the same result. The histologiczal
procedure is laborious and has been here used only as a check upon
the validity of the results obtzined from dissection,

In adopting the histological procedure, messurements were
made upon the sizes of the oocytes and from an examinztion of the
data thus obtained the oocytes were divided into five classes, It
further appezred important to determine whether there was a uniform
distribution of oocyte size throughout the ovary or whether oocytes
of different sizes were concentrated in different regions. To
determine this sections were cut through the anterior, midcéle and
posterior ends of the ovaries and oocyte measurements made in the
different regions.

In classifying the oocytes the scale proposed by Reingardt

and Trudova (1962) for carp in a lake in the southern U.S.5.R. was

adopted. In this the cytology of the oocytes is the factor used in



assigning the oocytes to the verious categories, These are:

StageX - ) immature follicles with no cellular details; the only

Stage B ~ ) difference being in the eg: diameters.

Stege ¥ - outermost layer composed of one layer of cells and
called a 'one lazyer oocyte'; cleerly defined nucleus
which is rounded,

Stege $ - cover of oocytes (radial shell) is trenslucent;
zona rediata gppears,

Stzge 8= Four layers of cells create the 'shell' of oocyte;
nucleus is losing rounded shape to become oval.

S‘tage?— very mature egg ready for spawning; cleer nucleus
surrounded by yolk greznules.

Because there were no cellular detzils to differentiate Stage % from/&,
these stzges have been put together, and for the classif'icetion of
oocytes in T.gelilaea the Stage A includes Stages & & 2 in Reingardt
and Trudova's classfication.

The diameters of the developing oocytes corresponding to these

stages are tabulated below:

Stege J Diameter Renge in mm,

A 0.02 to 0.22
B 0.23 to 0.58
| ¢ 0.59 to 1.00
D 1.01 to 1.43
E 1.4 and above
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Comparison of the distribution of different oocyte stages
in different regions of the ovary sugsested thot there was no
localisation of eggs of particular sizes, The data from which
this conclusion is drawn are shown in T-ble 1k. The data show
the number of oocytes counted along ¢ standard length of ovarian
epithelium, together with these velues expressed as percentages
of total oocytes counted in each fish. The length of ovarian

eplthelium selected for measurement wzs, in each case, charac=-

‘terised by the fact thet a continuocus row of oocytes lined the

edge o the epithelium, This is illustreted by photomicrographs
of typicel fields. In these conditions a mass of small oocytes
will give 2 high count, a mass of large oocytes a low count
(Plate. 2). Thus if there were localisation of oocytes of
different sizes in different regions of the ovary, the observed
percentage value would deviate from 33,3%. Examination of the
data shows that the observed values lie within the range of 23,5 =
J1,3% with an overall average of 33.3S and mean values for the
three regions of 33.3%, 34.8" and 31.% . From these results, and
visual observation, it is concluded thet oocytes of different
sizes are randomly distributed within the ovary.

Table 15 shows the distribution of ococyte size categories
in specimens of T. galilaea collected between January and August
1966,

Ovaries containing eggs at stage C are commencing to mature.

Within the present limited sample the smallest individual in this



Fige 1, Fige 2,
18.2 ca total length, Specimen caught 1540 em total length. Specimen
in larch 1966, caugnt in Aggust 1966,

-I.-

Figi 3' Fig. l-}--
19.5 cm total length, Specimen caught 25.5 cm total length, Specimen
in February 1966. caught in July 1966,

Figs. 1 = 4. Transverse Sections of the ovary or
portions of the ovary of T, galilaea. 10 x,



TABLE 1),

-0. of eges of different diameters counted along
& standard length (T.galilaea). Data according
to LENGTH end WEIGHT uF ish,

J Total | Date of

! {__collection
; 174 f January
; 93 | April

127 | May
I 11 ¢ April
105 August
S August |
% 119 ? May
! 104 . March
1 66 ' March
‘ |

148 ! January
| i 5 . February
i 38 August

|47 Juy

32 ) July
31 July
{121  : April
| 50 : April
[ 259 ! ilay
L 92 E lay
; 58 i February
|




TABLE 15,

Nos. of eggs per standard length in each egg=-group

of T.Ealil&ea

Index I'o,| Length | Weight| Gp.A Gp.B| Gp.C | Gp.D| Gp.E] Date
(ems.) | (&)

; 1 10.7 25 171 - - - - | Jan.
2 19.0 140 148 - - - - n

3 19.5 150 65 - 6 - - | Feb,
L 28,2 500 34 L 18 2 - "

5 172 120 104 - - - - | Yar,
6 18,2 F 110 53 1 12 & & "

7 10.8 20 93 - - - - | Apr.
8 12,5 30 106 2 6 - - "
9 22.0 230 96 |19 - - - "
10 24,5 370 26 A 11 7 2 i

11 24.6 330 258 - - - - | May
12 25.0 380 66 |18 8 - - "
13 11,2 20 120 3 ik | = i g W
14 17.5 110 117 2 - - -] ®

15 21.0 440 22 {10 15 - - | Jul
16 21,0 450 10 3 9 |10 - "
17 22.0 580 14 7 L 9 2 "

18 20,0 150 11 8 13 5 1 | Aug.
19 15.0 70 108 2 1 - I
20 13.0 40 104 | 1 - - - "

L | |




condition was 11,2 em. in totsl length, but larger specimens which
appeared to be immature were also found. Tt 1s possible that the
wide range of sizes of immature fish comprising 10.7 to 24.6 cm
total length is misleading as it is not certzin whether at least
some of the larger specimens may not have been *spent' rather than
'immature'.

An azlternetive procedure for determining the onset of meturity
is to make direct observations upon the state of the ovary by disec-
tiun. The smallest individuals which contzin mature oocytes may
thus be determined. “Vhile this procedure may be applicable to other
species, in the present case this technique was found to give mis-
leading results. Thus, for example, a specimen of T.galilaea of
10,7 cm total length was initially assessed on the basis of dissec-—
tion as conteining mature oocytes, but subsequent histologiesal
examination of portions of this overy showed that none were in fact
present.

Another technique introduced by Wallace (1909) and later

employed by Coulter (1963/64) on Lates mariee Steind is to determine

the "total"™ length at which 50% of the fish contain developing
oocytes. These may readily be recognised in dissection. This
technique also proved inapplicable in the present study since all
specimens collected, even the smallest, contained developing oocytes.

A third, but less precise, criterion for determining the onset
of maturity is the length at which the fish assume their breeding

colours. Among the specimens examined the smallest female T,galilaea




showing breeding colours was 15,0 em totel lensth, and of T,2il11i
melenopleura 12,0 em. 1In none of these species were males in

breeding colours collected, Corresponding figures for T.nilotica

were 12.3 cm for males and 13.2 em. for females.
‘‘hen these results, using breeding colour, are compared with
those obteined from histological exeminstion of the overies of

T.galilaea, it appears th-t the onset of' maturity occurs before

the assunption of brecding colours,
| Two specimens, one of 11.2 em. total length and one of 12,5
cm. total length were found in which overian histological maturation
had started. These are both smaller than the smallest specimen
recorded as showing breeding colours, although the specimen of
12,5 cm. length showed slight indications of the onset of colour=-
ation. That ovarian maturstion should preceed changes in pigmen-
tation is not surprising since Aronson (quoted by Hoar, 1955) has
shown that ovariectomy of female Tilapia results in the opercular
colouration reverting to that of immature individuals,

It seems clear thet from o practical viewpoint the assumption

of breeding colours provides a realistic assessment of the minimal

size of mature fish since mating will not occur until the nuptial

dress is assumed.

Table 16 shows data from other authorities or the minimal

breeding size of diffeerent Tilapia species from other water bodies.

It will be seen that there is a grest variation in the values

recorded, varying from 8 - 9 cm., for T.mossambica in Indonesia to
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59.0 em. for T,nilotica in Lake Rudolf.

There are, moreover, often marked differences in the resulis
obtained for the same species in different locelities., Thus, of
the species which occur in the Volta Lake, values from other

localities vary from 11.6 to 24.0 cm. for T.zilli, from 12.0 to

59.0 cm. for T.nilotica and 15,2 to 22,0 cm. for T.melanopleura.
It is noteworthy thet the values recorded in the_present invest-
tigation agree fairly closely with the lower value reported in
éach case,

It is well known thst sexual meturity may occur at very
diff'erent lengths in the same species collecteéd from different
localities. The physiologicel basis of this has been the subject
of only limited study. It is cleer, however, that in temperate
waters photoperiod probebly plays =z very important part in the

onset of sexual meturity. Thus, for example, Craig-Bennett (1931),

reports thet the males of Gasterosteus aculeatus Linn,, from a

variety of habitats such &s rivers, ponds and canals at the same
latitude, 211 start to mature at the same time. Other factors
unquestionably enter. Thus Frost (1943) has shown that in

Phoxinus phoxinus L, relatively few individuals became sexually

mature in their first year and Bullough (1939 & 1940 a) has shown

that in Phoxinus laevis Linn, there is a complex interaction of

day-length and environmentael temperature determining the onset of

sexuel maturity. Similarly in T.mossambica, Jubb (1952) reports

that breeding will not occur at low water temperatures encountered

e —— i
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TABLE 16,
MINTVUM BREEDIIG SIZE OF TILAPTA SPECTES
OBSERVED TN DITFERENT 7ATERS.
SPP, Length (cms) Locality Age Author
T. zilli 16.0 'iger (Backwater) | - P’elman (1948)
! 13.5 "  (Swamp) - "
" 17.0(%) L.Albert (Butiaba lleConnell (1953)
Lagoon) -
) 2.0 Dedo Dam (Kidetok)| - "
" 21.0 " v (Argbaka)| - "
T. esculenta 13.0 lialya Fishponds - "
T. variezbilis 15=17.0 Korogua Fishponds | = "
T. leucosticta| 18.0(%) Lake Edward - "

" 20,0( ¥) Teso Dams (Kidetok) "

" 22.0(d " " - L

" 21,0(%) Lake Albert - "

" 18.0(%) " - "

T, nilotica 12,0(%) L.Albertagggyku - |1zcConnel (1958)

d 14.0(8) n - 4

" 39.0 Lake Rudolf - "

T, zilli 11.6(8) Niger 14 Daget (1956)

" 12.3(%) " " .
T.galilaea 18.0(%) Lake Albert - | 2cConnell (1949)
T.esculenta 20.0 " R
T.2zilli 17.0 " # :
T.nilotica 22,0 " - "

=
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TABLE 16 (CONTD, )

MINIL:UM BREEDING SIZE OF TILAPTA SPECIES

OBSERVED Ili DIFTERENT ATELRS.

I
F_ SPP. Length (cms) Locality Age Author
T. melanop, 15.2(9) Lake Kariba Soulsby (1963)
" 18.6(@) " ) "
" 22.0 Congo De Bont (1950)
T. mossambica | 8-9 cms. Indonesia 2=3 mths,| Vaas & Hofstede
(1952)
" 12-1) cms Nicaragua 5= ® Reidel (1965)
(America)
" 16,9 (8) Lake Kariba - Soulsby (1963)
" 12-5 (-Op) " - "
T. macrochir 20.3 " s "
T, marize 10,0 Osse River - ‘Thitehead (1962)
T. mossambica | 9=-10 cm ladras 3 mths. Chacko & Krish=
namurthi (1954)
H
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during the winter of the Rhodesian High Veld,

In the tropics there is little seasonal variztion in either
water temperature or day-length (see fig.30) and it may be that such
factors do not play any part in determining the onset of sexual

maturity. It must, however, be recognised thst certain fish such

as Lates, Alestes, Heterotis, Lgbeo, Distichodus and the llormyrids

breed during the flood seasons following rains and the possibility
cannot be excluded that chenges in photoperiod have indeed been
%ignificant in bringing these fish to maturity so that they can
reproduce during the floods.

It seems possible, however, thet in some tropicel fish which
lack definite bresding sezsons the onset of sexual maturity may be
determined by growth rate and thst this in turn will be affected
by food supply and, when population densities are high, by indirect
effects zrising from crowding. Such considerations may perhaps apply
to Tilepia and the relzstive small size at which the Tilapia have
become mature in the Volta Lake nay be a reflection of the good
feeding conditions which have probably prevailed following the
first flooding., If this is correct, then the length at which
these fish became sexually mature may well change as the Lake itself
matures. Such a suggestion is, however, speculative and the need
for experimental studies upon the gquestion using tropical non=-

viviparous fish is obvious.
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Jiil. SPAWTING

The spawning behaviour of the fish may be assessed in various
ways. In a fish which has a limited spawning season it may be
expected as Mickling & Rutenberg (1936) have pointed out that all
the oocytes within the ovary will be in very similar stages of

maturation and that samples of ovaries taken at different times

. : : f @
will show markedly different modsl stages of maturation. If, {;\q ”‘t’,
: ) —
however, a fish has either a2 long spawning neriod or spawns > 5
2 >
continuously, then no particular pattern of oocyte development “

will be observed.

An examination of the results obtsined from the histological
study of the ovaries summarised in Table 1? p 75 shows that there
is, in this sample, no particular pattern, TFish with maturing
oocytes were collected in all months except January and June for
which months data on only two fish are avzilable,

A check on this conclusion was made by direct dissection of
the ovaries of a larger sample of 60 fish, 20 of which were used
in the histological examinetion previously described.

Tn counting the number of eggs, a subsample of about 0.1 g
was taken from the weighed ovary. The eggs in the subsample were
counted under a lens and the number in the subsample was multiplied
up to the weight of the ovary.

It was found that the eggs fell by appearance into four
categories which are characterised as follows:

Group 1 - eggs are very small and difficult to separate from



the ovigerous tissue, Averege diameter wes less
than 0,19 mm,
Group 2 - Average diameter ranges from 0,19 to 0.4); mm,
Group 3 - Eggs easily detach from ezch other and from
ovigerous tissue, Averasze dismeter from .45
to 0,90 mm,
Group 4 - Ripe egss with en averzge diemeter of 0,90 mm. or
more, the grestest recorded being 1.70 mm for 2
28.5 cm. female,
The nunber of eg-s in each egg-group except 1 was counted. Fggzs
in Group 1 beccuse of their snall size zng lerge nunmber (See Tzable 17);
were not counted,

From the histogrems in fig.31 which show the mean percentege
proportion of each egg=-group celculsted for the different months,
and Table 18,it vill be seen thst eggs of ell groups are present in
the ovarics in all months. It will be noted that in iiey egss of
the largest group ere absent which might be tzicen to imply that
there had been 2 heevy speawning during the previous month., Such a
conclusion must however be trested with reserve owing to the small
size of the sample. In genercl the datz are in sgreement with those
obtained by the more critical histological technigue and certainly
do not contradict the opinion thet spawning probably occurs in 211

months over the period studied,

-



TABLE 17, llo. of eggs in each egg=-group of Tilapia

galilaea
Sam4 Length[ Weight No, of Eggs Date of |

ﬁie (cms) | (gms) [Group I|Group 2|Group 3 Hﬂraup 4 | TOTAL | collec~-
o { tion

1| 10.7 25 | 444 - - - January
2 17.5 110 + 1575 - - 1575 n
3|1 18,0 | 120 + 1306 - - 1306 ’
4 | 19.0 | 140 ++ 463 - e 463 ¢
51 19.5 | 150 ++ 236 | 1074 881 | 2191 "
6 | 21.0 | 180 | 44+ 78 | 1821 1103 | 3002 "
71 21.5 | 200 + 2899 188 - 3087 "
8 | 21.5 | 200 + 4325 - - 4325 "
9 | 22.0 | 215 + 330 989 1601 | 2920 "
10 22,0 215 - 3063 1437 - 4500 n
11 | 22.5 | 230 + 1686 | 1142 - 2828 "
12: § 23,0 } 240" + 24,67 | 1644 - 4111 "
13 23.5 265 + 3195 & = 3193 "
W | 23.5 | 265 + 1729 | 1183 - 2912 v
15 24..0 275 + 2168 1475 - 3643 "

| 16 | 16.5 95 - 1834 | 1276 - 3110 | February
17 | 17.5 | 110 + 1502 | 1038 - 2540 "
18 | 17.5 | 110 + 2256 800 - 3056 "
19 | 18.0 | 120 + 1042 - - 1042 "
20 | 18.0 | 120 ++ 896 | 1394 - 2290 "
l.fi.i. 18,0 | 120 | + 1230 - - 1230 i "

1 -

Ry



TABLE 17 (conTD. )

Ilo. of eggs in each egg-group of

TilaEia Ealilaea

[Sam-{Lengtt] Weignt | Date of
gif -E?ms) (gms) | Group I |Group 2|Group 3 |Group & | TOTAL igiiec-
22 118.0 | 120 & 1128 - - 1128 | February
23 118.8 | 140 ++ 676 358 | 333 | 1367 "
2 119.0 140 ++ - 2619 - 2619 "

25 }19.0 | 140 + 2513 - - 2513 "
26 12,0 | 140 + 2372 - - 2372 "
2/ 119.5 150 + 1985 2778 - 4763 !
28 119.7 150 ++ 898 2513 = 411 "
29 |[20,0 | 160 + 1663 2215 - 3878 y
30 120.5 175 - 2LOL 257 - 3341 :
31 [20.8 175 + 2113 2433 - 4546 "
32 |28.2 | 500 oo 683 1881 | 1467 | 4031 -
33 |17.5 | 120 + 4712 - - 4712 | liarch
3L |18.2 | 110 + 3826 1707 - 5533 "
35 |20.0 180 + + 1999 | 1374 5313 "
36 |20.5 180 +F 610 829 - 1439 "
37 ]20.5 | 180 + 1369 - - 1369 .
B 122,5 250 + - 1365 | 2249 3614 "
39 |10.8 20 +++ 790 - - 790 April
L0 ]12.5 30 +4+ 729 - - 729 £
41 |18.0 130 + 2132 - - 2132 !
i] 19.8 | 180 ++ 613 | 1751, - 2361, ,:

T ———— e e p—————

S e, R B e il
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TABLE 17 CCIITD, )

No. of

egZs in eech eg '-group of

Tilapia galilaea

++ Abundant

+ Few

Length Jeight ] o
(cms) | (gms) 1§ Group I {Group 2|Group 3.Lrﬁup b | TOTAL | collec-

tion

0.0 1150 w85 | - - | &5 | april
Ly 20,5 5190 - 3347 | &= | - ; 3347 ! "
45 |20.5 | 190 i bt 965 i - - | o5 ! w
46 1205 | 190 - 1596 | 978 | - | 257 E »
k7 |20.5 | 190 i + 1720 { - ; - 1720 g "
48 1 22,0 | 230 + 1912 2102 - LO1L g "
49 | 2.5 | 370 -+ 562 | 1065 | 830 | 2u57 5 .
50 | 11.2 | 20 -+ 82 | - | - 382 f My
51 | 17.5 | 110 |+ 2381 - - | 2381 g "
52 | 21.0 | 200 + 1752 - - [ 5 i
53 | 22.0 | 230 + 2690 | - - | 2650 |
54 | 24.6 | 330 + 4270 | - - | x27 i "
55 | 25.0 | 380 + 1936 1416 - 3292 ; "
56 | 25.5 | 450 " 307 | 2197 | 2854 | 5358 , July
57 | 26.5 | 40 + 740 2791 3248 6779 i "
58 | 28.5 | 580 + 767 2941 2745 6457 -
59 | 13.0 | 40 +4 12444 - - 1241 | Aug.
60 | 15.0{ 70 o | 1885 - - | 85| o
61 | 20.0 ] 150 + 1060 603 890 2553 "

i - ! [ . =
+++ Very zbundant

e — W

- e ———
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TABLE 18, liean % Proportion of Bgg Groups in T. gal,
i 7 7 i
Month Group 1 Gro;up 2 G-rc}inp 3 G-roﬁp L N
January +4 55.1 29.1 15,8 1L
February + 42,9 L2.6 1.5 17
llarch + 37.5 39.1 234 6
April 5 6304 26.6 10.0 11
biay - 89.8 10,2 - 6
June - - | o — -
July + %4 | L2.4 48,2 3
August ++ 56.5 17.5 2€.0 3
Yy

T T R,

—
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THE COEF"ICIZIT OF MATURITY :

An alternstive procedure for assessing the sexual conéition
of fish is provided by the weight of the gonads. Since weight is
likely to be affected by absolute size z maturstion coef icient
or gonado=-somatic ratio has besn adopted., The former is the same
as the latter tut expressed as a percentag

. It has been used by

Cadwalladr (1962/63) in & study of Labeo victorianus Zoulenger.

Cleerly the more meture the fish, the greater will be the metura-
tion coef{icient.

l.aturation coefficients have besn determined for a large
number of specimens and the monthly aversge meturstion coefficients
calculated. “he results of such an analysis are shown in figs.32=3L
and Teble 19, It vill be seen tiet there are seeming veriations in
the meturation coefficient with time. 'Lhe individusgl samples which
constitute the pesks are however based on samples so small as to
make their velidity doubtful, YThere is nevertkeless a suzgestion
thet the maturstion coefficient of 211 three species is low in the

earlier months of the year.

To test this the data obtazined from the different species
were lumped. fig.35. This procedure, by itself, is not however
satisfectory as the maturation coefficients of T,zilli are strikingly
greater than those for the other two species. To eliminate this
uneven weighting the following procedure was used. The maturation

coefficients of the individual fish were expressed as percentages

of the maximal maturation coefficient recorded for the species.
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TABLE 19. MEAN MATURITY COEF.ICIENT OF T. IITIOTICA
lionths lale No. of fish Female lo, of fish
-  —
January 0.02170 2 0.22070 3
February | 0.05543 18 0.43886 14
March 0.12148 9 0,39222 6
April 0.09510 3 0, 96085 2
May 0.01550 i 0.09760 ~ 1
June 0.06660 1 ~ -
July 0.05360 8 1.01428 10
August - - 0.13560 9
B, -
MEAN MATURITY COEFFICIENT OF T.ZILLI/MELANOPLEURA
Lliianth ligle No, of fish Female No. of fish r
January 0.01060 - -
February | 0.16107 7 0.43959 11
llarch 0.14899 15 1.56534 20
April 0.05500 1 2. 39040 6
May 0.11405 2 3.62780 2
June 0.04930 1 0.28610 2
July - - 233750 1
August - - C. 23340 L
| v,
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TABIE 19 (conTD. )

JEA" MATURTITY COEF 'ICTTT OT T,

ALTLAFA

Month llale ITo. of fish Female . of fish
January 0.02520 19 0. 20600 31
February 0.02945 15 0.21531 21
March 0.03769 15 0.52576 7
April 0.01720 2 0.33435 11
ey 0.02902 5 0.14470 6
June 0.01030 1 - -
l July 0.07580 1 1. 36040 3
I August 0.03670 1 0.78720 3

WEAIT LATURITY COETFI'ICIET OF TILAPIA SPP,

Month iale Hos of £ish 1 Female of fish
January 0.,02421 22 0,20730 3l
February | 0.06418 L0 0.33698 L6
llerch 0.09752 39 1.13153 33
April 0.06245 6 1.04958 19
May 0.04859 8 0.09135 9
June 0.04203 5 0,28610 2
July 0.05606 9 1,22581 1l
August 0.03670 1 0.28220 16
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Clearly this procedure is somewhet arbitary, but, in view of the
small sample size, it appeered toc be t-e only method which would
allow some zssessment of & possible chrnge of maturstion coefficient
with the seesson,

The results of this, %ogether with the standard errors of
these means azre shown in figs.36 and 37 and Table 20. Tt will be

seen that es far as the males are concerned there is no significent

change in the meturstion coeflicient during the periocd studied, With

Ehe females, however, the position is different. The maturity
coefficient does not differ significantly from January to l’ay while
the low value reported for June depends upon a sample of only two
fish., The results for July are however very significantly greeter
(a2 comparison of January and July shows thet t=2.56, p=) .01) than
for the preceeding months. The value obtained for August does not
differ from th=t observed in the esrlier months of the year,

when these results are exemined by species, 1t 1is clear from
inspection thzt this high level of the maturity coefficient in July

is true of T.nilotica and probebly, despite the small sample, of

T,galilaea, Ilo conclusion can be drawn from the single specimen of

T.2illi caught during this month.

The high velue of the maturetion coefficient of T,gelilaea in
July is reflected in the fecundity figures summarised in Table 17.

Tt will be seen there thet the individuals examined from the July

catch had a markedly higher percentage of eggs in group 4 than did

the rest, a high percentage of group 3 eggs and the lowest percentage

of group 2 eggs.
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TABLE 20

LEAIT 1IATURATTIOLN

|

: : COEF_'ICIENT EXPRESSED AS
L MAXTUAL MATURATION COEFY: ICTEIT TILAPTA

SPECTES ).

Females
lionth I llean dm p
January 3l 10.1 1.92 0.001
Februsary L6 18,3 2,65 0.10
liarch 53 17.9 4. 06 0.80
April 19 21,6 L.66 0.30
lay 9 12,9 4. 76 0.40
June 3 2,0 0. 9% 0.001
July 1 5045 6,00 0.001
August 16 1.6 5.78 0.40

popn. x = 16.76

Males
onth N Mean ¢m p
January 22 21:5 L.05 0.70
February L0 21lad 2.77 0.50
March 39 29.6 3.85 0.10
April 6 93 DT 0.05
lay 8 22,7 5.46 0.90
June 3 p ¥ IR 2,10 0.01
July 9 19.0 6.66 0.50
August 1 553

&
t‘f"

popn. X

23.17
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A comparison of the present data with those showm in fig.26
is of interest. In the figure it can be seen that over the period
from i‘zarch to ilay there was a significant excess of neles in the

specimens of Lenilotica caught. In August the sex ratio signifi-

cently exceeded 50%%. At the sauwe time the total catch in July was
nearly three times thet in June. This strongly suggests thet the
fishing grounds were invaded at this +ime by new individuels which
included females in an advanced stage of sexual maturity. It seems
further possible that this event may correlate with the increase
in Lezke level which sterted in June. It is suggested that the

rise in Lake level established new potential spawning grounds
which attracted individuals of both sexes, that this movement

continued in August but thet a major spawning of T.nilotica (znd

possibly T[Ealilaea) occurred towards the end of July.

SEXUAL I{ATURITY A'D STZE OF FISH:

In the preceeding discussion emphasis has been placed upon
possible seasonal veriation in sexual maturity and also upon the
minimal size at wnich fenales of the different species become
sexuzally mature,

It is now necessary to examine the date more closely to study
the effect of size upon maturity. This is most easily effected by
a comparison of the maturity coefficient with size in the diff'erent
species. The results of such analysis can be seen in figs. 38-40.

Despite the relative paucity of specimens it seems clear that a

high maturation coefficient is shown only by large fish. This may
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imply that the fish only resch full sexual maturity once they have
achieved a certain size, Fig.4l shows the lumped deta for =11
three species. From these dete it is cleer thot there is a rela=-
tively sreet increase in the size of the overy in fish greater
then 22 cm, length. A stuvdy of the results for individuzl species
is broadly in keeping with this conclusion.,

Such & result might be teken to imply thet the fish will only
spawn once tihey have exceeded this criticel lenzth., 0On the other
hand the results mey simply reflect 2 heterogcnic growth effect in
which the ovary shows a marked positive heterauxis beyond a parti-
cular size and, if' this be the cese, the maturation coefficient throws
no perticuler light upon the size at which spawning cen occur,

It appeared therefore necessary to reanalyse the data in
Table 17 to see whether the abundence of eggs in difierent stages
of maturation was also related to size. 7The mesn lengths of fish
showing group 2 eggs only, of fish showing group 3 but not group &

eggs and fish having group 4 eggs were determined. The results are

set out in Teble 21 below,. |

Table 21, Mean length of fish of each egg=group.
Groups | No, of fish . llean length
cms ¢ |oh
2 26 18,3 3.4 0.7
3 22 20.5 70 1.1.5
L _I 12 23.1 3.3 | 1.0
— N |
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These also strongly suggest thet there is a close correlation
between maturity, as Judged by a detailed analysis of the contents
of the ovary, and size. The result mey be expressed also as the
smallest size at which eggs of different groups appear. 'The data

in Tcble 17 zive the following values:

Group 2 10.8 cm,

Group 3 16,5 cm,

Group &4 18.8 cm.
leading agcin to the conclusion that 2 definite size must be
attained in this populztion before mature eges start to develop
in the ovary.

This anelysis may be carried further by exemining the relation
between the numbers of eggs in different groups for specimens of
different lengths. The results of such an analysis are shown in
fig. 42. It will be seen that there is no correlation between size
and the abundence of young oocytes, but that the number of more
mature oocytes increases significantly with size.

These results are open to two interpretetions. It is clear
that fully mature oocytes do not occur in specimens of T,galilaea
less than 18.0 cm length and thet their number increases with the
size of the fish. Similerly the maturity coefficient starts to
increase sherply at about the same length.

If it be assumed that fully meture oocytes are retained for

only a short period in the ovary before ovulation, then it follows

that the ‘size of successive broods will become greater as the fish
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Erow and, further, an explanation is provided as to why some fish of
grezter length than 20.0 cms do not contzin meture oocytes, A limited
nuxber of field observations support this view. Thus lLeConnell (1955)

reports thct a 16 em specimen of T,gslilaea from Lake Victoria had a

brood of 538 ripe eggs, a2 23 cm. specimen 1000 and a 30 em. specimen
1560 ripe eggs.

Thus there is the possibility thet the oocytes develop at
different retes and that spawning does not occur until z certzin
humber of mature ococytes have accumulated in the ovary. As an
alternative postulete it might be assumed that spawning occurs, not
when some critical volume of eggs heve accumuleted in the ovary, but
rather when some external circumstance triggers spawning.

The former hypothesis might lead us to expect the presence

in the ovaries of groups of oocytes of different sizes representing

suoceeding generations, the latter 2 more uniform distribution. An

attempt was made to clarify this by determining the frequency of
oocytes of diff'erent sizes in ovaries from specimens of different
meturation coefficients. All oocytes greater than 0.25 mm, in
dizmeter in one ovary were measured. The results are shown in
figs.43 and 44, In specimen A which had a meturity coefficient

of 0.0092%, only small oocytes less than 0,25 mm were found. In
specimen B with maturity coefficient 0.9603j%, oocytes of a very
wide variety of dismeters occured, while in specimen C of maturity

coefficient 1.9710%, an essentiazlly similar distribution was encountered,

the only real difference being one of absolute numbers. In no case is
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there any clear indicetion of distinct classes of oocytes. Such
& result might thus lead to the conclusion that oocytes of all
stages of maturity occur in the ovary., There is, moreover, no
indication that the lesrgest oocytes constitute a class which is
accunulating in the ovary.

This result might thus be interpreted as meaning thst once
a critical level of meturity is reached, spawning is triggered
by some external factor znd that egcs of a veriety of diasmeters
but all cepable of development will be sned. This idea receives
some support from the results of Lowe (1955) who found variations
in the size of the ripe ova of different species of Tilapia. Thus
values ranging from 2.8 x 2,5 mn to 4.3 x 3.7 mm were found for

T.nilotica and 1.1 x 0.8 mm to 2.0 x le mm for T.zilli,

However as soon as the assunption is made that eggs of a
variety of sizes may be shed, it no longer becomes possible to
recognise a distinct size class as representing mature oocytes,
Indeed all oocytes greater than 0.25 mm are yolk laden and if
distinct generations of oocytes are to be found they must be
sought in the earlier stages of development.

As a further test the histological composition of individual
ovaries was examined and the presence or zbsence of diff'erent
histological stages of early oocyte development noted. The
results of this analysis are shown in Table 22, It will be seen

that in almost 211 fish all histologically recognisable stages

occur, If the smallest oocytes are neglected, it will also be seen



TABLE 22 The occurrence of different histological
stages of development in the ovary of
T.galilaea
{_-:- o | é g = = ;E 4 S
AL s [3Fs | E2 | T | 2| B
g %8| 25 (a8 (884 | E3 | 0§ | =2 | 2d
I AR |28 |83 E 7o = 4 AS
| i IT IIT IV 'l VI
rl 19.0 ++ + + Fit + - Jan
, @ 10,7 et + + o - - "
2 19.5 + + + + ++ - Feb,
L 28,2 ++ + + + + o+ "
5 17.5 + + + + + - Mar,
6 18,2 -+ - + + “ - "
7 10.8 + + + - - - Apr,
8 12,5 + + - - - - "
9 22,0 - + + + + - "
10 2h.5 + + + + + o n
11 11,2 ot + + o+ + - May
L12 17.5 - - + “ - - .
13 | 24.6 + - 4 - < - "
L | 25.0 -t 4 + - ok + "
15 21,0 +4 ++ + 4 + 4 Jul,
16 21,0 ++ + + + + ++ »
17 22.0 ++ + - + + o+ "
18 13,0 | ++ - - + - - Aug,
19 15.0 + + | “+ + 4 - "
20 | 20.0 + + + + + - "
- L L 1

++ Abundant

+ Present

Absent




that out of the 20 individual ovaries examined, 13 showed one
subsequent stage of ovarian development to be relatively more
abundent than the rest. This might perhaps reflect the results
of sequencial waves of development following a spawning and be
teken as evidence thet ovulation occurs when a certzin number
of mature ococytes have asccumuleted in the ovary,

However, the argument here developed is recognised as being
dependent upon very uncertesin interpretetions of the available deta
‘and no firm conclusion can reasonably be drawn as to whether the
stimulus for ovulation is inherent in the processes of ovarian
growth or dependent upon some extraneous environmental factor,

The actual act of spewning is in these specles released by the

courtship ritual and is not the matter under consideration.
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DISCUSSION

A dv ®

The present investigetion must be accepted es 2 preliminery
exercise designed to see whether the technique of sempling by gill
net fishing could 2id in clerifying problems concerning the biology
of Tilepia in the Volta Lake. The results cover only a limited
perioc of time end the samples studied are small. INevertheless
they allow certein conclusions, though mostly of a negetive
cheracter, to be drawn. _

, The first problem which has to be considered is thet of
sempling. It hes been shown that the fleet of nets employed
probably provided samples which, above a certecin size renge,
reflected with some accuracy the composition of the populetion

in such parameters as size and sex and probably also in sbundance.
It is clear, however, thst the method is grossly inefficient in
providing information about generations, reproduction and growth,
This is partly due to the fact that, to obtain samples of any
size, a single fleet of nets is completely inadequate. A rough
calculation shows that, throughout the period of study, each net
was, on the average, collecting only one specimen per fishing day.
If the method is to be employed further, it is obvious that several
fleets of nets must be used at the same time so that samples of a
size adequate for proper statistical analysis may be obtzined,

The second major criticism of the method is thet there seems
every reason to believe thet the different species of Tilapia move
freely and that at different times what might be regarded as different

populations were collected in the nets, This is most clearly indicated



by two cases, Firstly during the months of llarch to July the sex

ratio for T.nilotica fell below 40%. There was a significant e-cess

of meles in the samples 2t this time. (See fig. 26 and Table 11),
It is to be presumed that the females of this species had, during
that time migrated elsewhere. Again in 2 consideration of the
maturetion coefficients it was found that during July the specimens

of T.nilotica caught showed a signifiicantly greater coefficient than

those teken in other months of the year., This also probably reflects
some movement of the stock,

To form a complete picture of the breeding behaviour of these
fishes it is clear thet the limited gill netting here employed is
insufficient unless it is supplemented by nets set in a number of
different localities together with some type of tagging proceedure
which would allow it to be ascertained as to whether any movements
of the fish from one area to another occur. Tagging would further
have the advantage of allowing direct observations upon growth rates
to be made,

Finelly it is obvious that the value of gill netting, as
practised here, is limited by the fact that the young stages of
the species are not sampled and thzst an investigation using cast-nets
or young fish treps should be instituted to extend any data acquired
from gill nets.

When all these limitetions are accepted, it is nevertheless
possible to recognise, though not answer, certain questions. The

first of these concerns the reproductive habits of the fish, The
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present data do set reasonsble limits to the minimal size at
which the females of these three Tilepia species start to come
to maturity in the Volta Lake. TIn this connection it is to be
noted that the smaller mesh gill nets which are in current use
upon the Lake will in fact capture individuels before they hawve
had an opportunity to breed. But the results fail to throw any
critical light upon whether there is seasonal spawning, at what
size or age spawning comnences, what factors may determine
spawning and so forth.

Eggs and nests of an unidentified Tilepia were observed

inshore in liarch and during June and July eggs of T.zilli/melanc-

pleura were found. However during the period April and liay the
water was too opaque to allow observetions to be made. The length-
frequency diagrams (figs.12-1k) might be interpreted as implying
that there are certain times at which major spawnings occur, thus

leading to the unimodal peszk of size found in T.galilaea and

T.nilotica and the double peak shown by T,zilli. Riedel (1965)

says thet spawning in T.mossambica does not start prior to the

onset of the rainy season as indicated by the absence of fry at

the end of the dry season. It must however be emphasised agein
that the structure of an adult population is determined not only
by the time of spawning, but by the subsequent fate of the progeny;
that is to say the chances of survival of the young stock may be

far greater at certain times or in certain conditions than others
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and thus lead to the presence of dominant size groups in the
population. The familiar case of the llorth Sea herring of the
year cless 1904 will illustrate this point,

The present data could indeed imply thet there are certain
major spawning times, It has been shown thet the coefficient of
maturity increases merkedly with length, But fish of all lengths
appear in the catch in 2ll months and, in generzl the meturstion
coefficient does not very greatly from month to month. Tf however
1t be assumed thet some environmentsl factor cen cause a sudden
rapid increase in the rzte of oocyte maturation leading to spawn=-
ing, the present results might have been obtained. Those indivi-
duals which had grown faster or were older would be more mature
and waiting, in a sort of reproductive diapause, for the necessary
environmental signal while the younger or smeller fish were still
maturing, If such g steady process of maturation continues until
the spawning season, the lerger fish will also be the more fecund
and the correlation between size of fish and size of brood noted
by McConnell (1955) will still occur.

It is clear, however, that more data and of a @ifferent
cheracter will have to be obtzined before the question can be
decisively answered and that the field studies will have to be
supplemented ultimately by laboratory investigations if a complete

analysis is to be made,
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P SUMIIARY
1. This thesis describes and collates observations on the
occurrence, the maturity end fecundity of Tilapia species
in the Volta Laie around Akosombo from Jaunuery to Jlugust
1966,
2. The position of filapia species among the general fish
population is determined, i

5« The absolute size of the fish populetion tended to decrease

during the latter part of the period of study.

L Tactors affecting the change in the composition of the fish
catch are discussed; rainfell, turbidity, increase in lake
level and hence aveilability of food appear to be of major
importance.

5. The length-frequency distribution of both sexes as caught
in gill nets was very similar.

6. Without regerd to sex, the length=-frequency distribution of

TI. nilotica suggested the occurrence of four distinct size

classes in the population. The same tendency was recognised

in T. galilaea., It was, however, possible to recognise only

three distinet size classes in 2. zilli{melanugleura.

7. The length-frequency diagrams suggest either that the varia-
tion in size within any age group was considerzble or that
there were times when spawning was more successful than others.

8, With the exception of T. nilotica, the sex ratio of the other
two species over the period examined did not differ signifi-

cantly from 1 : 1,
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10.

11,

12,

13.

1L,

15.

= _Llc; -

Methods for determing the minimum size of fish 2% which
sexual maturity is atteined were studied, among which were
determination by bre=ding colours and examination of the
ovaries,

From a practicel viewpoint, breeding colours zre consicered
to provide e reslistic assessiment of the minimum size of
mature fish since it eppearea thezt the onset of maturity
occurred before the assusption of breedins colours.

On the basis of breeding colours, T. gelilaee was found to

reach maturity at a length of 15.0 cm, I, Ei;li/melanqglﬁurg_

et 12,0 cm and T, nilotica a2t 13.2 cm totel length, in the

Volte Lake.

These results are compared with the minimum breeding size
of different Tilapia species from other water bodies.,
Fectors determining the onset of maturity are discussed
among which were photoperiod, environmentel temperature,
aveilable food and overcrowding. "The last three factors
might perhaps apply to Tilapia species in the Volta Lake,
The smgll size at which these species become mature at the
present time might be correlated with the exceptionally
good feeding conditions prevailing during this period of
high productivity.

T.galilesea belongs to the type "plurimodal" i.e. the ovaries

contzin more than only one portion (bastch) of ovarian eggs

which are distinguished from each other by size, stage of
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development and appearance. There was also no localiza=-
tion of oocytes of difTerent sizes in different regions of

the ovary.

16, Tilapia species in the Volta Lake either have a long spawn-

17.

18,

19,

ing period or spawn continuously but there are indications

that there are times when exceptionally successful spawnings occur.
There was no correlation between size and the abundance of

young oocytes but the number of more mature oocytes increased
significantly with size.

Oocytes of 211 stages of maturity occurred in the ovary, but

there was no indication thet the largest oocytes constituted

a class which was accumulating in the ovary,

It 1s suggested that spawning is triggered by some external

factor and eggs of a variety of diameters but all capable of

development are shed,
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