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EAST AFRICAN FISHERIES RESEARCH ORGANISATION� 
ANNUAL REPORT, 1952.� 

STAFF 

Director R. S. A. BEAUCHAMP. 

Fishery Research 

Hydrologist 

Fishery Research 
!?c\'m/'ch Officer 

O./ficer 

o.fficer ... 
... 

... 

P

MISS R. H. LOWE. 

G. R. FISH. 

. H. GREENWOOD. 

VACANT. 

MCilaeology, Parasitology and Laboratory Maintenance C. C. CRIDLAND. 

Fishery Work, Maintenance of Boats, Technician J. D. ROBERTS. 

Secretary l\1ISS K. C. BURF RD. 

As. iSIaJ:! Secretary MRS. E. CARTMELL 

Mr. S. H. Deathc and Mr. W. W. Macdonald have both left the service. 
Mr. J. D. Roberts has been appointed to replace Mr. S. H. Deathe. 
A vacancy for a Research Officer remains to be filled. Mrs. E. Cartmell 
has been appointed Assistant Secretary. 

A considerable amount of repair \York has been carried out on both 
motor launches, which are noy; in good runnjng order. An echo
sounder has been fitted to the larger bunch and is proving very useful. 

Very slow progress has been made with the building of the aquarium 
h use. A rapid 'tart has been made with the building of the workshop. 

During the year data were collected from Lake Tanganyika, the Mala
gari, i Swamps, the Kavirondo Gulf, North and South Victoria, Lakes 

aivasha, Elementeita, Nakuru, Rudolf, Kyoga, Albert, Edward, George 
and Bunyoni. We ar.e. extremely grateful to Fisherie Officers of the 
Tanganyika Agricultural Department, the Lake Victoria fisheries 
Service, Kenya and the Uganda Game Departments, whose help con
tributed very largeiy to the success of these afaris. 

Members of the staff attended the Symposium on African Hydrobiology 
and Inland Fisheries held at Entebbe between October the 14th and 
17th, and contributed eight informative papers. Delegates to the meeting 
spent one day visiting the Laboratory at Jinja. The meeting pro ided 
a very useful opportunity for the exchange of information. 

During the year the following visitors were working in the Laboratory 
for periods ranging from three months to the whole year :-

Dr. G. S. Carter, Cambridge University : Chemical and pyhsical 
conditions in swamps. 

Dr. H. B. Cott, Cambridge University: Crocodiles and fish eating 
birds. 

Mr. J. W. Lester, Zoological Society, London, made collections of 
reptiles, birds and insects. 

Mr. R. Ross, British Museum and Natural History: Taxonomy and 
;:cology of Diatoms. 
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INTRODUCTION 

Every lake develops its own individual biological characteristics, 
depending on its shape and size, the way it was originally formed, the 
nature and composition of the rocks and soils of the surrounding 
countryside and the length of time it has been in existence. It is necessary 
not only tc describe the flora and fauna of the East African lakes, but at 
the same time to investigate the main biological processes which determine 
their productivity. It is by no means clear why some of these lakes are 
more productive than others; no two are alike and from what we know 
already it appears that quite different factors control production in each 
of them. 

The complex biological events occurring in a lake can be considered 
simply as the building up of soluble inorganic substances into organic 
matter and the subsequent breakdown of this organic matter into its 
inorganic constituents. The rate of these processes is affected by the 
amount of light falling on the lake and by the temperature of the water. 
Under tropical conditions the amount of both light and heat supplied 
to a lake appear to be adequate for full biological production throughout 
the year. As the amount of material, either organic or inorganic, supplied 
annually by inflows to the majority of African lakes is small compared 
with the amounts contained in the lakes themselves, it is permissible to 
consider their productivity at the present time as largely determined by 
their own internal economy. 

Among studies to be carried out on any lake it is essential to gain as 
much information as possible regarding the chemical composition of its 
waters and at the same time attempt to relate the results of these analyses 
to the phytoplankton -growing in the water. However, under tropical 
conditions, which allow the phytoplankton to grow continuously and to 
a density limited only by the availability of some essential nutrient salt, 
it is clear that this substance whatever it may be will be present in solution 
in extremely small amounts; amounts usually too small to be determined 
by ordinary chemical means. Furthermore, it is not known what minimal 
concentrations of these substances prevent growth. Some substances 
appear to be limiting at concentrations as high as one part per two million, 
whereas other substances may be absorbed and accumulated by the 
phytoplankton from concentrations as low as one part per hundred 
million. 

By analyses of the water one may find that half a dozen essential 
nutrient salts are present in amounts that might be low enough to affect 
the growth of the phytoplankton. It is necessary to find out which 
of these is actually limiting the growth of the phytoplankton. We have 
developed a way to do this by growing algal cultures in lake water to 
which have been added known amounts of the appropriate inorganic 
salts and observing the growth of these cultures. This method to be 
successful requires technical skill, patience and a critical analysis of 
results. Experiments in progress indicate that the primary deficiency in 
certain parts of Lake Victoria is a shortage of sulphates. This is a very 
suprising conclusion to have reached, as in most natural water sulphates 
are usually in excess. 
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When one deficiency in the medium has been remedied by the addition 
of the relevant substance, growth of the culture will improve until some 
secondary deficiency causes growth to stop. It must be remembered 
that results obtained using one species of alga may be dissimilar to those 
obtained with another species, as each species of alga will require some
what different minimal concentrations of the various nutrients. 

The density of the phytoplankton in a lake may be taken as a good 
indicator of its fertility. However, the production of fish will depend 
not only on the quantity of this phytoplankton, but also on the kinds 
of algae composing it. This point was well illustrated in an earlier 
report describing the digestibility of various species of algre. ft seems 
that hlue green algae are digested with difficulty not only by Tilapia but 
also by other animals which make up the food chains leading to fIsh; 
it is evident therefore that the fertility of a lake, in terms of the potential 
fish population it may be able to support is determined largely by the 
density of the more digestible species of algre it contains; among these 
the most important are the diatoms. However, some revision of our 
ideas on the digestibility of blue green algae may have to be made. Ex
perimental work with cultures show that the relative amounts of sodium 
and calcium in the water have a marked effect on the growth form of 
blue green algae. The indications are that the "growth form associated 
with high sodium values is due to an increase in the permeability of the 
matrix surrounding these algae; this should make them more digestible. 
Tilapia nilotica in Lake Rudolf appear to digest and thrive on blue green 
algre, whereas' T. nilotica cannot digest the blue green algre JI1 Lake 
George. The sodium to calcium ratio in Lake Rudolf is high, in Lake 
George it is low. These data appear to be significant; experiments 
on the digestibility of blue green algre grown in various media will be 
carried out as soon as possible. It should be noted how data obtained 
from one lake may not be applicable to another. 

We have come to the conclusion that in shallow tropical lakes, such 
as Lake George, the level of production must be determined by the rate 
at which nutrient salts can be taken up, turned into organic matter, both 
vegetable and animal, and then decomposed to provide nutrient salts 
again. If this cycle is completed rapidly production will be high, if 
slowly, production over a given period will be low. Our observations 
indicate that the slower processes in this cycle, and therefore the ones 
control1ing its rate, are those concerned with the decomposition of 
organic matter, particularly matter of vegetable origin. Thus anything 
tending to increase the rate of decomposition will accelerate the whole 
biological cycle and increase productivity. The part played by animals 
in determining the rate of this cycle is certainly considerable, as animal 
matter decomposes rapidly, whereas plant matter decomposes slowly. 
Animals also during their lifetime, are continually breaking down organic 
matter and fertilizing the water with their excreta, both faecal and urinary. 
Thus up to a point the more herbivorous animals in a tropical lake, 
whether they be copepods, snails, fish, or hippopotami, the faster the 
biological cycle and the higher its fertility and the density of fish it can 
support. This theory contrasts strongly with ideas derived from the study 
of temperate lakes and may have an important bearing on problems 
concerning the overfishing of tropical lakes, particularly those where the 
industry is based on herbivorous fish such as Tilapia, which feed directly 
on the phytoplankton. 
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It is logical to carry the theory a stage further and conclude that any 
animal whether herbivorous, detritus feeding, or carnivorous, may help 
to maintain the fertility of a lake and thus indirectly be of value to com
mercial fisheries. They may moreover play an important part in certain 
special capacities as for instance, animals eating molluscs may help to 
keep calcium in solution, or predal:ors, including crocodiles, by partially 
dissolving the bones of fish may kecp both calcium and phosphorus in 
solution; elements which might otherwise be lost by precipitation as 
insolu.ble calcium phosphate. 

An imaginary but not altogether impossible example may serve by 
contrast to illustrate the theory. One could imagine a lake containing 
no animals, but only algre and plants which decompose slowly. For a 
time these would grow and on dying sink to the bottom fom;ing a deposit; 
unless this deposit decomposed as rapidly as it was formed the water 
would gradually bccome depleted of nutrients and eventually the lake 
waters would become extremely infertile due to the almost complete 
removal of some essential l1l:trient. Before dismissing this admittedly 
hypothetical illustration as too extreme, it is as well to remember that the 
deposits at the bottom of a lake are derived originally from nutrients 
formerly in solution, that they do accumulate and that they must be 
considered as representing fertilizing elements that are for the most part 
no longer in circulation. In lakes receiving a considerable amount of 
water from their inflows this loss of nutrients is a matter of little con
sequence, but as already stated the majority of East African Jakes receive 
from their inAows small amounts of water relative to their own volume. 
Therefore, considered as essentially self-contained units their internal 
economy must be finely balanced; any interference which entails the 
removal of organic matter, whether it be in the form of fish, crocodiles 
or hippopotami, all of which may be considered as concentrated plant 
nutrients, may bring about a deterioration in the fertility of these lakes. 

In the present state of our knowledge it behoves us to conserve the 
naturai resources contained in the East African lakes and avoid any 
Wasteful use of the food they contain. (t should be an offence to kill a 
hippopotamus except under exceptional circumstances; measures to 
control the destruction of crocodiles should be considered and any 
wastage of fish caught shouid be deplored. 

It is natural to wish to exploit allY newly discovered source of food, 
for instance the Mormyrus and Haplochromis in Lake Victoria, however 
it is weU to remember that excessive exploitation may have unforeseen 
consequences as these fish by their activities are affecting the rate of the 
biological cycle in the lake and so helping to maintain its fertility at its 
presen t level. 

With advancing knowledge and after determini ng what factor controls 
fertility in any particular lake, it may be possible to apply measures to 
restore or increase fertility. Such measures may take a variety of forms; 
the maintenance of an optimum population of fish or other animalS by 
suitable legislation; the protection or introduction of species of fish, which 
by feeding mainly on higher plants or detritus assist in the breakdown of 
vegetable matter, even if they themselves are not yet considered valuab!e 
commercially, (see section on the Malagarasi swamps) ; the treatment of 
bottom deposits to accelerate the processes of decay or the actual intro
duction of whatever nutrient is found to be limiting fertility. 

1 
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The addition of significant amounts of a fertiliser to :l large lake would 
be an undertaking of considerable magnitude; initial experiments must 
first be carried out on small bodies of water. Analyses have shown that 
fish ponds at Malya in Tanganyika Territory may, He Lake Victoria, 
be deficient in sulphates. Some fertilisation experiments have therefore 
on our suggestion been started by the Sukumaland Development Autho
rities in order to learn whether the addition of suJphates will increase 
the production rate of these ponds. 

The analysis of stream and river walers indicate that many soils in 
East Africa contain only small amounts of soluble suiphatcs. Should 
a demand ever arise for sulphates for use as a ferl.iliser, the clumps formed 
by concerns smelting copper ore may prove to be a useful source of 
calcium sulphate. 

During the year provision was made for fll1ancing the Organization 
during the period 1st January, 1952-31 st March, 1936. A grant of 
not exceediJ1g £43,000 was made by the Secretary of Stat::: for the Colonies 
from the Central (Research) Allocution of Colonial Development ilnd 
Welfare funds and an equal amount has been provided by the Govern
ments of Kenya, Uganda and Tang:lnyika in eq'ual shares. 

HYDROLOGY. 

Hydrological data from the BUVlll11il Channel have been collected at 
regular intervals over the past three years. Continuity of these record~ 

has been maintained due to the co-operation of rnemb~rs of the staff 
during 111e period the officer principally concemcd was away on leave. 

The hydrological events described in last years' Report ,>vere repeated 
in 1952 with minor differences. The stratific:~Lio!J and deoxygenation 
of tbe bottom waler COntinued from l!1e end of 195 [ until January, 1952, 
when mixing occurred and the \-vholc of the Willer column became well 
oxygenated. Subsquently the phytC'plankron (Melosira) population 
increased rapidly dming a period of a month from practically nil to over 
1,000 cells per c.c. in the bottom water; by JuJy the Melosira count at 
this depth \-vas over 3,000 cells per c.c. 

In June slightly lower temperaturecs were recorded fr0111 the water at 
the bOtlom of the Buvuma Channel due presumably to the ipA.ow of 
water at this level from the main lake. This led to stratification and 
the mpid deoxygenation of the bottom water; a rapid fli11 in the Melosira 
population folJo\-';ed. 

In October, 1952, three additional stations were selected for hydrolo
gical investigation. Data on temperature, oxygenation and the plankton 
content of the water are being collected. These three new stations are 
situated at the end of the Buvuma Channel, in the Rosebery Channel 
opposite Yempaita Island, and in the open lake twenty miles due south of 
Bukafu Bay. 

It is hoped that by the end of 1953 sufficient data will have been collected 
to enable the annual cycle of events in the Buvuma Channel to be contrast
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ed with those occurring in the open lake. The data already collected 
chow that at a time when the water in the Buvuma Channel was stratified, 
the water in the open lake was mixed from top to bottom. 

Safaris to Lakes Albert, George and Edward were made, using the 
new mobile laboratory. Water samples collected from Lak Albert 
showed the presence of about 10 ppm. of sulphate, whereas in 1951 no 
sulphate was detected. The chloride content of the water was also 
greater than in 1951. This may be due to mixing having occurred 
between the surface and deep waters of the lake at some previous date. 
The sudden death of many hundreds of Nile Perch in December, 195 I, 
may not be an unconnected event. 

Some marked changes also occurred in Lake Edward. Higher chloride 
and very much higher sulphate contents were detected in the water and 
al a a can iderably higher diatom count. The sharp interface between 
Lake Edward and the Kazinga Channel water was again examined, see 
analy. es Appendix A. The lighter channel water tends to flow over 
the Lake Edward water, giving a sloping in,t ad of a vertical interface. 
The waters of the channel are remarkable for the very high density of 
phytoplankton. This is shown by the rapid absorbtion of light; only 
two per cent of the incident light reaching a depth of one metre, and 
by the sharp reduction of dis 'olved oxygen in the water with depth. 
The oxygen content of the surface water is 8 ppm. and at two metres 
it is 4 ppm. 

Visits were made to L ke George in June and November. 'it can be 
seen (Appendix A) that the mud and overlying water were at the same 
temperature, but in November the water had cooled two degrees whereas 
the mud had retained its heat. As indicated in last year's Report, this 
i. an important fa~tor affecting the exchange of nutrients hetween the 
mud and water. 

We are grateful to Dr. G. E. Fogg of London University for upplying 
samples of Anabeana cylindrica (a blue green alga) and Chlarel!a pyre
ilaideo «1. green alga) in bacteria free cllitures. These have been grown 
successfully in their a13propriate inorganic me iia and are now being 
used to determine the chemical deficiencies oc urring in lake water. 
After some initial experiments a new technique has been leveloped 
which may he de 'cribed briefly. Mjxturcs of lake water and tile inoTgani 
media, from which one chemical constituent has been omitted, are made 
up and inoculated with alga:. A an experiment progre"s, a visual 
appreciation of growth is made and either a dry weight assay is made at 
the end of the experiment or the reSl.llt of any deficiency in tbe medium 
is checked by the addition of the missing nutrient to see if normal growth 
is restored. he cultures are made in 250 c.c. conical flask suspended 
in a window out of the path of direct sunlight, and the medium is kept 
aerated and stirred by a stream of air. Precautions are taken to prevent 
contamination of the culture by bacteria, alga: or other airborne infections. 
The experiments to date have been designed to indicate what elements 
in the lake water can limit algal growth. It is not possible to present 
precise conclusions as yet, as only a few experiments have been completed; 
some general observations however, can be made. 

Sulphur, nitrogen and phosphorus are not present in Lake Victoria 
water in sufficient quantities to permit more than a slight growth of the 
test algre. Among these elements lack of sulphur is in certain samples 
the first to halt growth. In those cultures with no added sulphate, 
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typical signs of the deficiency appear : lack of chlorophyll and very 
poor growth. The sulphate content of the lake water is low, appro
ximately 0.5 to 1.8 ppm. but it is not generally appreciated that a valile 
of approximately 0.5 ppm. could be limiting. By contrast phosphates 
are not usually considered to be limiting or likely to be limiting until 
their concentration in the water has been reduced to less than one part 
per hundred million. 

It was also noted that when the amount of calcium and magnesium 
was reduced in the culture medium, the growth of the blue green alga 
was atypical. The structure of the cell wall was affected; instead of 
forming filaments, the cells formed small gelatinous cushions. Growth 
was somewhat retarded, but the cells appeared to be green and healthy. 
It is suggested that the operative factor here is not an actual deficiency 
as the lake water contains plenty of calcium and magnesium, but the 
alteration of the ratio of calcium and magnesium to sodium and potas
sium. This may help to explain why in some waters blue green algce 
are digested by Tilapia and not in others. 
More data on digestion in Tilapia have been obtained. A communication 
from the Laboratory of Inland Fisheries, Indonesia, has confirmed our 
observation published in a previous report (1950) that only the diatoms 
among the algal constituents of a normal lake plankton are digested, 
the other alg,e passing undamaged through the gut of the fish. Their 
investigations were carried out on T. mossamhica and green algce from the 
rectum were grown successfully in culture, showing that they were still 
viable. 

Further studies on the feeding habit of Tilapia show that in localities 
such as the Malagarasi Swamps where the diatom flora is poor, these 
fish ingest large quantities of vegetable detritus fr0m the bottom deposits. 
It has been recorded previously that higher plant material when fresh 
is not digested by Tilapia, and that in species such as T. zillii and T. 
melanopleura which eat pond weeds, much of this material passes straight 
through their guts, only damaged cells and incrusting diatoms being 
digested. We now have evidence that higher plant material, which has 
suffered partial decomposition, may be a valuable source of food. Bottom 
deposits on which llsh are feeding are remarkably light and flocculent, 
forming a suspension in the water rather than a clearly defined interface. 

In the Ferguson Gulf area of Lake Rudolf the blue green algre Spirulina 
and Anabaenopsis occur in hugh quantities and form the principal food 
for the larger T. nilotica in these waters. It has yet to be established 
whether the digestibility of these algce is characteristic of these genera 
or due to the conditions in which they are growing. The ratio of sodium 
and potassium to calcium and magnesium is very high in Lake Rudolf 
and culture experiments have shown that this has some effect on the 
cell wall&- of blue green algce. The smaller Tilapia up to forty centimetres 
in length were found to be feeding mainly on diatoms. 

HYDROLOGICAL DATA FROM SWAMPS. 

Dr. G. S. Carter of Cambridge University started in August a detailed 
investigation of the chemical and physical conditions in the waters of 
papyrus and water-lily swamps, particularly those along the Lake Victoria 
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coast line and in the valleys leading into the lake. His special concern 
is the estimation of the dissolved gases present, namely oxygen, carbon 
dioxide, and any other gases such as methane or sulphuretted hydrogen 
that may occur. 

The presence In the water-lily swamps of even a very incomplete 
cover of floating leaves greatly reduces wind disturbance and increases 
the stratification of the water, so that layers at a depth of only a few 
feet may become almost completely deoxygenated and contain high 
concentrations of carbon dioxide. This last feature may be important 
to the distribution of fish for most fishes cannot live in waters containing 
more than a very low concentration of carbon dioxide. 

During the dry weather papyrus swamps both on the shore of the 
lake and in the valleys normally contain very little dissolved oxygen and 
much carbon dioxide, even within a few inches of the surface. At 
greater depths, below the floating mat of papyrus roots, there is hardly 
ever any dissolved oxygen. These conditions are partly due to the 
stagnation of the water and inability of oxygen to penetrate from the 
air, partly to the absence of photosynthesis owing to the dense shade 
and partly to very active chemical demand for oxygen set up by the 
decay going on in the water. The last condition is shown by the low 
redox potentials of these waters. Other characteI's of these waters 
seem to be suitable for support of a rich fauna and flora, butlhe conditions 
of shade, deoxygenation, and high carbon dioxide content are sufficient 
to inhabit aquatic animal and plant life and are the cause of the absence 
of any considerable aquatic fal:na and flora in these waters. 

DIATOMS. 

Mr. R. Ross of the. British Museum (N<:tural History) arrived at the 
beginning of October to study the diatom flora of the East African lakes. 
Whilst in Africa he is making collections \ hich will be worked up in 
detail on his return to England. He hopes to arrange for other groups 
of alg<e in his collections to be studied by specialists. Up to the end 
of the year he had visited Lakes Albert, Edward, George, Nakuru, 
Elmenteita, Naivasha and Rudolf, as well as making collections from 
Lake Victoria both near Jinja and in the Kavirondo Gulf. He expects 
to visit the south end of Lake Victoria and Lake Tanganyika before 
returning to England. 

The primary object of Mr. Ross' work is taxonomic and he expects 
to produce an account of the diatoms of East Africa which will enable 
them to be readily identified. His collections are being made from 
different types of habitat and, as far as possible, samples of the water 
are being taken for chemical analysis. Data on the relationship between 
the species present in a body of water and its chemical composition 
and aiso information on the species characteristic of various habitats 
will be forthcoming from his work. Preliminary lists of diatoms found 
in different localities In Lake Victoria are recorded In Appendix B. 

The distribution of three species of Melosira, all planktonic forms, 
is of interest. From inshore stations near Jinja M. italica was found 
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to be more abundant than M. nyassellsis var. victoriae, whereas in the 
Kavirondo Gulf the relative abundance of these two species was reversed. 

In the open water of the main lake in November no species of Melosira 
were found in the plankton, but empty frustules of M. agassizi; and M. 
nyassellsis were found in the mud below, indicating that these species 
occur in the plankton in the open water at other times of the year. No 
specimens of M. italica were found in the deposits in deep water. Slight 
differences in the chemical composition of the water probably determine 
the distribution of these three species. 

It was observed that drainage ditches and openings in papyrus swamps 
contain large numbers of alga: of various groups, but no live alga: were 
found in the water within the swamps themselves. This is due probably 
to insufficient light penetrating the papyrus. 

ENTOMOLOGY� 

Investigations were continued on the life histories of the common 
mud-dwelling Chironomid and Chaoborid larva: in Ekunu Bay and 
their relationship with the feeding habits of Mormyrus. From the data 
obtained it is now possible to draw some general conclusions on the 
biology of these insects and to relate variations in the stomach contents 
of these fish to the numbers and size of the larva: present in the mud. 

The five common larva: in Ekunu Bay mentioned in the previous 
Report are;- Tanypus (Pelopia) gut1atipenllis, Procladius umbrosus, 
Chaoborus (Neochaoborus) anomafus, another species of Chaoborus, pos
sibly al'lied to edulis and a species of Chironomus whose larva is of the 
" plumosus" group. The Chironomid adults were identified by Mr. 
P. Freeman of the British Museum (Natural History). The life-cycle 
of the Chirollomus species could not be accurately determined bute ach 
of the remainder has a life-cycle lasting two months. 

Chaoborus larva: are remarkable in that they make diurnal vertical 
migrations from the mud to the open water for feeding, but the behaviour 
of the larva: varies with age. It was established that there are four 
larval instars as in other Culicids, but the first and second instars are 
not to be found in the mud. They are entirely planktonic. Only when 
they are about half-grown and have entered the third instar do the larva: 
become mud-dwellers, although they leave the mud at night and return 
about daybreak. It seems that the eggs are laid over the open water 
and not inshore, since even in water many miles from shore recently 
hatched planktonic larva: have been collected. 

In the laboratory eggs laid by Chaohorus (Sayomyia) pallidipes sank 
to the bottom of the dish, suggesting that in nature the eggs do not float 
on the surface where they may be swept inshore. The eggs of C. pallidipes 
hatched two or five days after they were laid. The first and second 
instars remain planktonic for two to three weeks by which time they 
are ready to enter the third instar. The third instar lasts about ten to 
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fourteen days and the fourth and final instar about three weeks or a 
little longer, since at this stage the larva has to build up reserves for the 
pupal period. Pupaticil lasts two or three days and the adult only lives 
a short time. The length of the various periods in the life-cycle of 
Tanypus and Procladius species and in the one other species of Chaohorus 
are approximately the same as those just outlined for C. pa//idipes. The 
total length of the life cycle is approximately two months. 

In the Lake Victoria, where condit:ons are relatively uniform, hatching 
occurs throughout the year but is not continuous. Hatches show a 
marked periodicity. It was found in Ekunu Bay that all the individuals 
of a species were, at anyone time, all of approximately the same size; 
that is to say they grew, matured, pupated and finally hatched together, 
the result being a large swarm of files. It seems likely that this synchro
nised growth and hatching is a general feature of lake-fly biology since 
observations show that mass hatches over different parts of the lake 
are common; similar swarms occur on some other tropical lakes. A 
point of interest emerged after examination of pupal skins collected on 
the water surface of Ekllnu Bay. The skins represented as many as ten 
or twelve different species, showing that swarms may be comprised 
of several species, though one or two species were more abundant than 
the others. A few samples of adults from swarms were also found to 
be of mixed species. 

It is known that in some species of fly the males and females hatch 
at different times. This would appear to be the case with some lake 
Victoria flies. Two collections of several hundreds of Chaoborus ano
malus were found to be composed entirely of females. Another collection 
was made of C. pa//idipes as they were rising from the surface of the 
water, all were found to be females. 

It has been stated that the life-cycles of the flies studied lasts two 
months. After meas.urements of the larvre had been plotted for several 
months it became apparent there were at times two distinct size groups 
of C. anoma/us present in the mud. When one group was mature and 
ready to pupate the other was only half-grown. As mentioned earlier 
young Chaoborus are planktonic and enter the mud when they are half
grown and these half-grown larvre take about a month to mature. Hence 
the two size groups represent a difference of a month in age and the 
second group or population will mature, pupate and hatch a month 
after the first. As the second population matures the next generation 
of the first population will have passed through the planktonic stage 
and will be entering the mud. Thus the relative positions of the two 
populations will be reversed monthly and instead of a hatch every two 
months there is a monthly hatch. This interesting feature of temporally 
separated populations, i.e. populations separated in time, was found to 
obtain in the case of Tanypus guttatipennis and Procladius umbrosus as 
in the case of the two species of Chaoboms. As far as Tanypus and 
Procladius are concerned early third instar larvre appeared in the mud at 
stations where the depth was 6 -- 10 metres, when the other group of 
larvre were mature and nearly ready to pupate, but unfortunately it 
was not discovered where first and second instar larvre were living. 
They were not in the plankton nor in the mud in the 6 - 10 metre zone. 
Jt seems likely that the eggs are laid inshore and that the young larv,e 
live there and migrate outwards to deeper water when they reach a 
certain si7e, but this suggestion requires confirmation. 

-
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The remaining common larva in Ekunu Bay belong to the Chironomus 
plumosus group but their growth rate and life-cycie were not determined. 
However, weekly examination of the stomach contents of Mormyrus 
kannume showed that at four to five weekly intervals they contained 
large numbers of Chironomus pupee. This indicates that there are 
monthly hatches of these flies also and suggests that thc length of the 
life-cycle is a multiple of a month .. These larvee grow to almost twice 
the size of the Tal1ypus or Procladius larv<e. The stomach contents of 
J\1. kal1l1ume, as has just been shown in the case of Chiron0111 l/S, reflect 
changes in the insect fauna. This was particularly so in the case of 
Tanyplls larvce which in Ekunu Bay were often their principal food. 

Mormyrlls is greatly affected by the presence of temporally separated 
populations of insects. It has already been pointed ou~ that only do the 
individuals of one species hatch together, but that many species may 
hatch about the ~ame time. Jf there were only one population it would 
mean that for a considerable period there would be no insect larv<c in 
the mud. With two populations however, the fish are assured of a marc 
constant food supply: when one population hatches the other is already 
available. 

Chaoborus is relatively unimportant as fish food, although it is the 
most abundant larva in the mud, because it m:grates into the open water 
at night when MormJ'!"us is feeding. 

During a short visit to Lake George and the Kazinga Channel some 
bottom samples were collected and the larv<e of Chaoborus, Tanyp liS , 

and Procladius were found to be present. They were of similar or c:!osely 
related species to those in Ekunu Bay and again two size groups could 
be distinguished suggesting that in Lake George also fhere are two 
populations behaving in a similar manner to those in Lake Victoria. 
During tbe two day visit the insects were hatching and previous and 
later observations on the EkLmu Bay flies showed that they also hal
ched about the same time. 

rom the examination of the stomach contents of many AI. kannume 
a list of the common food organisms has been compiled, see Appendix C. 
Usually those fish captured from a region where the lake bottom is mud, 
contain more food in their stomach than the fish from a region where 
there is a sandy or stony bottom, but as a rule the latter contain a more 
varied selection of food organisms. Fish have been examined from 
many stations around Jinja, Dagusi Island, the Sesse Islands, and Lake 
Kyoga. The food organisms found in the stomachs otller than Chiro
nomus, Tanyplls and Procladius vary considerably in abundance. The 
food is largely determined by what is av::tilable and is a reflection of 
the bottom fauna. In general it may be said that as far as M. kal1f1ume 
is concerned food is never a 1imiting factor since there is a constant 
abundance of insect larva: in the lake. 

MOLLUSCA. 

Our collection of aquatic snails is almost certainly the most complete 
in East Africa and represents very adequately the gasteropod fauna of 
this part of Africa, excluding Lake Tanganyika, which has a unique 
molluscan fauna. Dr. Mandahl-Barth's monograph on "The Aquatic 
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Snails of Uganda and Neighbouring Territories ", which was started as 
a result of his visit here just three years ago, has been completed. 
At the time of writing it is understood that Dr. Mandahl-Barth is making 
arrangements for it to be published in Brussels, either in French or 
English. As this work includes a revision of the taxonomy of the group' 
we are left in some difficulty regarding the proper nomenclature to use, 
but we have Dr. Mandahl-Barth's authority to use the new names for the 
various species mentioned in this report. However, much of the eco
logical data that has been collected can only be described in general 
terms until the revised taxonomy of the African gasteropods has been 
made available. 

The distribution of some species of aquatic snails seems to be deter
mined by the value of dissolved oxygen in the water. Certain genera, 
such as Pila, are able to tolerate conditions of extreme deoxygenation 
and are found in papyrus swamps and other waters with low values for 
dissolved oxygen. On the other hand most species of snail require 
water containing high values for dissolved oxygen. Laboratory experi
ments run in connection with the culturing of snails for parasitological 
investigations have yielded a considerable amount of information 
regarding the conditions in which various species of snail may grow. 
Aquaria in which snails are reared must be well aerated to obtain satis
factory growth rates. This can be obtained either by bubbling air 
through the water or by growing suitable weeds. Broad leaved plants 
also provide suitable sites for egg laying and shelter for the young snails; 
plants with tinely divided leaves are not so sui.table. The paucity of snails 
in some water-lily swamps, e.g. the Malagarasi Swamps, may be due to 
low values for dissolved oxygen. 

Well aerated water and water kept moving discourages attacks by 
fungi which may cause the death of young snails in a very short time. 
Under nil.tural condi,tions fungi may be a significant cause of mortality 
among snails, but studies on the death of snails under natural conditions 
is difficult as their soft parts disintegrate very rapidly. Some species 
of leeches prey on snails and must excercise considerable control over 
their n Imbers. Wild snails used for breeding in the laboratory must 
be carefuJly examined and all leeches removed. 

On general grounds snails might be considered as useful members 
of the community as they eat vegetable matter including higher plants 
and provide food for a number of species of fish. They are however 
vectors of a variety of diseases affecting fish, as recorded later in this 
report, fish-eating birds and humans. The most serio liS of these are of 
course the two varieties of schistosomiasis. It is not generally appreciated 
how frequent is the incidence of this disease among Africans, or for that 
matter, among Europeans. The disease is not lethal, but it is debilitating 
and accounts for a great deal of ill health. The medical profession 
will confirm this opinion; however, they are more concerned with the 
clinical aspects of the disease and are not usually in a position to study 
its vectors. Our investigations on snails include besides questions of 
taxonomy, ecology and their role as food for fish, considerations of their 
parasitology. 

A full account of the results of experiments carried out will be pub
lished shortly in the appropriate scentific journal. These results have 
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been obtained by culturing parasite-free snails, infecting them ei{periment
ally, and infecting mice with the cercaria: liberated from the snails. 
The latter stage in these experiments is necessary for positive identification 
of the adult trematode. A very brief summary of results follows :-

Biomphalaria chaonomphala chaonomphala, B. adolVensis adolVensis, 

B. sudanica sudanica, B. sudanica tanganikana, and. B. ruppellii, have 
been infected successfully with S. mansoni. Strains of S. mansoni from 
West Nile and Kisumu were equally effective. Ova were obtained from 
different areas as it has been supposed that local strains of Schistosoma 
might only parasitize snails from the same locality. 

Sample records of experiments are printed in Appendi'{ D ; they show 
the intervals of time taken in the two stages of these experiments, per
centage rate of infection, minimum size at which snails are liable to be 
infected, etc. 

Experiments similar to the above were carried out using S. haematobium 
from the Lango District and from Kisumu. Bulinus (Physopsis) nasutus 
and B. globosus globosus were found to be vectors. 

Eleven other species of snail belonging to the following genera : Bulinus, 
Anisus, Lentorbis, Segmentorbis, and Lymnaea were tested and found 
not to be vectors of either S. mansoni or S. haematobium, see table 
Appendix D. 

Once hatched, miracidia have a short life of nine to ten hours; they 
must find a host within that period if they are to survive. Cercaria: 
may live up to fifty-four hours: stored water cannot be considered 
safe for human use unless it has been kept for at least that length of time. 

Biomphalaria sudanica sudanica, Biomphalaria adolVensis adolVensis 
and Bulinus (Physopsis) nasutus, are common and widely distributed in 
West Nile Province. 

Biomphalaria ruppellii is common only in West Uganda. 
Bulinus globosus globosus is uncommon in Uganda. 

Biomphalaria choanomphala choanomphala has so far only been fOund 
in Lake Victoria and the Nile; and Biomphalaria elegans only in Lal...c 
Albert. 

F ISH 

ALESTES AND OISTICHODUS IN THE MALAGARASJ SWAMPS. 

The Malagarasi Swamps cover about seven hundred square miles: 
they drain into Lake Tanganyika and lie between Lakes Victoria and 
Tanganyika. Two officers visited this area in August and were greatly 
assisted by the Fishery Officer from Kigoma. The following data were 
collected from a region many square miles in extent covered by blue 
water - lilies, Nymphaea stellata, and containing dense stands of 
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Ceratophy/lum, Vtricularia, and Chara " the water at that time of year 
was less than ten feet deep; the bottom deposits consisted of finely 
divided vegetable detritus. Associated with the bottom depobits was a 
rich fauna of Protozoa, composed of flagellates and ciliates; Rotifers 
were abundant. The overlying water was crystal clear. 

Unlike some swamps, this swamp supports a dense population of 
fi h which include the following genera: Alestes, Distichodus, Citherillus, 
Mormyrops, J.1ormyrus, Gnathonemus, j\!farcusensius, Bagrus, C/arias, 
Heterobranchus, Scfzi/be, Synodontis, Labeo, Barbus, Tilapia, Hap/och
romis and Serranochromis. Many of these genera are represented by 
two or more species. The presence of so many species of fish belonging 
to so many genera is not so remarkable as the apparent density of the 
fish population considered as a whole. All the fish examined were in 
good condition. The two species of Tilapia, T. nilotica and T. karomo 
form the basis of the fishing industry which is carried out by Africans 
lIsing gill nets into which fish are driven. 

The productivity of these swamps contrasts strongly with other swamps 
which superficially appear similar, as for instance the very extensive 
water-lily swamps of Kyoga which are relatively very unproductive. 
In Kyoga the bottom deposits are also composed of vegetable detritus, 
but this detritus consists of comparatively large particles easly recognized 
as phanerogam material. 

The extraordinary productivity of the Malagarasi water-lily swamps 
appears to be due mainly to the presence of Atestes macrophtha/mus 
and Distichodus sp.• Both A/estes macrophtha/mus and Distichodus sp. 
were found to be feeding on and partially digesting the leaves, buds 
and seeds of the water-lilies. Higher plant material if eaten at all by 
other species of fish, is usually undigested by them. It seems that the 
partially digested remai.n.s of the water-lilies after passing through the 
guts of A/estes and Distichodus form a digestible food for several other 
species of fish including both species of Tilapia and two species of Hap
/ochromis. These fish may utilise this food as it is, or may derive their 
nourishment from the associated fauna of protozoa and rotifera. Some 
of the smaller species of fish, which feed on the bottom deposits provide 
food for the various predatory fish. 

The almost complete absence of either phyto-or zoo-plankton in these 
water is remarkable. Another remarkable feature of the Malagarasi 
Swamps is the paucity of both insects and mollusca. This is reflected 
in the feeding habits of Schi/be mystis which eats mainly insects in the 
open Malagarasi River, but in the swamps feeds mainly on small Hap
/ochromis. 

Further development of the existing fisheries on these Swamps seems 
possible. The data collected however, suggest po sibilities of very 
considerable significance; the introduction of A/estes macrophtha/mus 
and Distichodus into areas containing infertile water-lily swamps might 
greatl) increase their fertility. However, no such recommendations 
could be made until the matter has received further study. It is interesting 
to note that the fertile Bangweulu Swamps contain both these species 
of fish. Distichodus has a very wide distribution in Africa, but is not 
found in the Victoria, Kyoga and George, Edward areas. A/estes spp. 
occur in these latter areas, but not A/estes macrophtha/mus. 
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TILAPIA 

LAKE VICTORIA TILAPIA. 

The biological problems presented by the two species of Tilapia, 1'. 
esculenta and T. variabilis in Lake Victoria are remarkably complex; 
these fish have no fixed breeding season, cannot be aged by scale readings, 
their growth rate varies in different parts of the Lake and during their 
life time they occupy several different habitats. We are greatly ind~bted 

to the Lake Victoria Fisheries Service for all their records of f1sh caught by 
African fishermen, together with most valuable data regarding their 
size and sexual condition. Analyses of these statistics over the past 
three years are now beginning to yield results. 

The Tilapia industry is based very largely on T. esculenta, but 1'. varia
bilis occurs as freq uently as 1'. esculenfa in many areas of the lake. Detailed 
ecological studies show that these two species occupy rather different habi
tats. 1'. variabilis is relatively more abundant on exposed coastlines, 
and is associated with areas where the bottom deposits are firmer than 
those over which 1'. esculenfa usually occurs. 

Both species of Tilapia move at certain times on to beaches over which 
seine netting is regularly carried out. This is well shown by tll'~ variations 
in catches per haul throughout the year. In particular localities high 
catches are associated with certain months of the year, but in other 
localities high catches are associated with quite different months. Out 
of much data that appears very confusing certain facts emerge. It is 
beyond the scope of this report to discuss the methods of analyses used 
cr to give ali the supporting data on which the following tentative con
clusions are based. 

The n,h that OCCUi in large numbers on the beaches can be divided 
into two categories, either young immature fish, whose length may 
rang~ from six centimetres to seventeen centimetres, or larger fish over 
twenty centimetres long. Th~ modnl size of the populations of small 
fish usually range between seven and fourteen centimentres. These fish 
appear on the beaches at irregular intervals; anyone population may 
remain on the beaches for three to four weeks, and be replaced by another 
population of small fish almost immediately or after a iapse of several 
weeks. On a particular beach these several populations of fish may 
throughout the year have a similar modal size or may cover whole range 
of seven to fourteen centimetres. 

A partial explanation of the intermittent appearance of these small 
fish and the absence of any vcry small fish on the beaches is provided 
by a study of the adult fish. Females while carrying their young in 
their mouths seek shelter in certain of the more open swamps around 
the lake shore. They brood their young until they reach a length of 
about fifteen millimetres. Many of these young fish remain in sheltered 
coastal water containing marginal vegetation until they are about five 
centimetres long. Later they appcar on the beaches. It is not known 
yet what brings them in large numbers on to the beaches or what deter
mines the length of time they may stay there, but after a while they move 
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away and judging from catches made with small meshed gill nets, they 
spend much of their time feeding in the surface waters some distance 
offshore. As they grow they tend to feed at lower levels in the lake 
and when they have reached a size of about twenty to twenty-four centi
metres they move back towards the beaches. 

Male Titapia spend a very much longer time on the beaches than do 
the females; this is shown both by seine net catches and by a close study 
of the spawning habits of these fish. The females visit the spawning 
grounds, on which nests have already been prepared by the males, only 
when ready to spawn. They soon move away to more sheltered waters 
with the fertilized eggs in their mouths. A detailed account of the 
spawning habits of Tilapia will be published shortly. After spawning 
for the first time the female fish return to the spawning grounds at inter
vals. The frequency with which they breed may be influenced by the 
amount of food available. 

Analyses of the records of the numbers of fish caught by seines on the 
beaches show that relatively few large fish are caught anywhere during 
the month of June, but that larger numbers of mature fish are caught 
in the months of April and May, and October and November. than in 
other months. In the northern half of the lake more fish are breeding 
in April and May than at any other time of the year; in the southern 
half more are breeding in October and November. 

It seems that great importance must be attached to the period spent 
by the young fish in the open swamps and sheltered coastal waters. 
The time from when the eggs are fertilized to the time the young fish 
first appear on the beaches appears to vary from four to six months, and 
the modal length rcached by these fish ranges from seven to fourteen 
centimetres. The data suggest tha t if the conditions in the marginal 
vegetation are good, that is to say if dissolved oxygen values are not 
too low and the supply of food is adequate, the fish probably grow 
faster during this stage ..of their life and probably also remain long in 
this habitat. A great many facts remain to be learnt about the young 
Titapia. Their diet tends to be more varied than when adult as they 
eat zooplankton as well as phytoplankton. The time spent ;n the mar
gina! vegetation zone must be determined by several factors, induding 
the distance within these areas that they happen to be when they leave 
their parents and the extent of these areas, as well as the conditions 
already mentioned, namely oxygen and available food. It must be pre
sumed ulltil evidence to the contrary is forthcoming, that they find their 
way out of s'.vamps by random movements. There is probably a continual 
" leakage" of small fish out of these areas and many of those that wander 
from these more sheltered areas when very small may be taken by pre
datory fish. The size and condition of the fish when they take to the 
more open waters may weil determine to a considerable extent the ultimate 
size attained by these fish when adult. 

MALAGARASI TILAPIA. 

In the Malagarasi Swamps two species of Tilapia, T. nito/ica L. and 
T. karomo Poll are common and form the basis of the fishery in this area. 
These fish are caught by beating the water and driving the fish into 
gill nets set among the water-lilies. No other species of Tilapia were 
seen in the swamps though T. melanopleura and T. /angan)Jikae were 
caught lower down the river. In the swamps both the T. nito/ica and 
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T. karomo were found to be in excellent condition; they were full of 
fat and packed with food. Both species were feeding on the soft floccu
lent deposit which carpets the swamp. This deposit was found to be 
finely divided fragments of water plants, together with blue green algre ; 
very few diatoms were present and though there was a rich fauna of 
flagellates and ciliates which would be readily digested by the Tifapia, 
it was difficult to see how the fish were obtaining enough digestible 
food to grow so well. The digestibility of these bottom deposits has 
been referred in the previous section on the Malagarasi Swamps. 

The water in the swamps was so dear that it was possible to study 
the spawning behaviour of T. fearomo. It is only rarely that fish offer 
themselves for observations on spawning under natural conditions; 
so advantage was taken of this opportunity. The male T. karomo, 
which develops a highly coloured breeding dress, establishes a territory 
in the spawning area and makes a circular sandscrape within this territory. 
Individual male T. karomo werc observed to stay in their territories, 
generally near the bottom, for days on end, only shooting away tempora
rily if seriously disturbed; during this time the male eats very little, 
The females wander over the spawning ground singly or in small shoals 
of three or four, generally rather high in the water; as they enter each 
territory the occupying male swims out and' tries to lead the female to 
the nest. Should he succeed the eggs may be ,laid, milt extruded, and 
eggs and milt be picked up in the female's mouth and carried away by 
the female, all within two to three minutes. females not quite ready 
might stay in the nest a quarter of an hour or so. and some females were 
seen to visit four or five nests in succession before spawning. } emales 
carrying eggs and fry do not stay in the spawning areas. When consider
ing measures to protect Tilapia it is essential to differentiate between 
spawning and brooding grounds. 

LAKE GEORGE TILAPIA. 
The Uganda Fish Marketing Corporation's commercial fishery which 

started in 1950 on Lake George is based on T. nilotica. We receive 
records of their catches. The catch per net of T. nifotica fell very rapidly 
during the first six months after the fishery was started as is to be ex
pected ; by 1952 catches per net showed only a slight further downward 
trend. This suggests that an approximate balance between numbers 
of fish removed and numbers entering the catchable stock may soon be 
reached. 

The average weight of the Tilapia has decreased as the older and larger 
fish have been removed. The average size of the Tilapia has not, how'ever, 
decreased below the size of the T. nilotica caught in the Kazinga Channel. 
We are co-operating with the Uganda Game and fisheries Department 
in a marking experiment to determine the rates of growth, movements 
and numbcrs of T. nifotica in Lake George. 

Large numbers of T. leucosticta are caught in small meshed nets; 
T. leucosticta rarely grow large enough to be caught in the commercial 
five inch gill net, and it seems therefore that any reduction in numbers 
of T. nilotica in this lake without capture of T. feucosticta will affect 
the balance between these two species. 

LAKE RUDOLF TILAPIA. 
Data have been collected from Lake Rudolf; T. nilotica in this lake 

grow to forty centimetres and three pounds weight before starting to 
breed, whereas this species rarely reaches this size elsewhere. In Rudolf 
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supports a greater density of fish. Species living amongst marginal 
vegetation form a third and minor group. A few species are ubiquitous, 
for example Astatoreoehromis alluaudi and some of the large predatory 
Haplochromis. 

Many people are of the opinion that Haploehromis prey heavily on 
young Tilapia. However, this opinion wouid appear to be quite erro
neous as several hundred stomachs from predatory Haplochromis have 
been examined without finding any remains of Ti/apia. It is possihle 
however, that those species of Haploehromis which feed on larval fish 
may occasionally feed on young 'Ii/apia. 

A new species has been found which feeds on higher plants; the 
stomachs of these fish contain large quantities of phanerogam material, 
but only the cells around the torn edges are digested. The principal 
food is, as in other browsing species, the epiphytic diatoms and those 
diatoms associated with submerged plants. This species is not common 
but is recorded in several widely scattered areas. These fish might 
serve a useful purpose if grown in fish farms where they might keep 
down the growth of weeds and at the same time help to fertilise the water. 

It is remarkable that only one species of Haploehromis is known to 
feed on zooplankton when adult. However, a large number of predatory 
species when young feed on the zooplankton; tbe number of these fish 
may have prevented the evelution of other exclusively zooplankton 
feeding Haploehromis. As far as is known the only other adult fish 
that feed on zooplankton are Engraulicypris and Ales:es. 

No more exclusively mollusc eating species have been found, but 
four additional species are known to include molluscs as a significant 
part of their diet. Among these Haplochromis suuvagei and Macropleu
rodus hieolor eat considerable numbers of molluscs when young, but on 
becoming adult tend to feed mainly on insects. Both these species have 
the unusual habit of removing the snail frol11 the shell before swallmving 
it, a habit no doubt correlated with the absence of massive pharyngeal 
teeth and the fact that only gastropods are eaten. 

Most Haplochromis are diurnal feeders with feeding activity greatest in 
the morning and late afternoon. 

BREEDING HABITS. Data collected so far show that most species are 
breeding at all times of the year. Considerable efforts have been made 
to find the actual breeding grounds of the various species; the turbidity 
of the water however makes it impossible to observe either nests or the 
breeding habits of these fish. 

The breeding grounds of species from tbe mud and deep water rock 
zones are still not known with certainty. Since the soft mud would 
appear to be an unsuitable substrate for spawning it is presumed that 
these species move to areas where the bottom is hard, probably to the 
numerous rocky outcrops which rise out of tbe mud deposits. These 
deep water species are very rarely caught inshore. The echo sounder 
is greatly facilitating these investigations as with it one can readily pick 
up rocks emerging from the mud in deep water. 

The distribution of young fish is still very incompletely known as they 
are difficult to collect and more difficult to identify. There are no in
dications that any Haplochromis sp'~cies undertake large scale migrations, 
although circumstantial evidence points to some movement connected 
with the spawning of the mud zone species. 

f
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Apart from a few predators which have a modal adult size range of 
18 - 20 cms. the majority of the Hap/ochromis, irrespective of their 
habitat, rarely grow to more ~han 12 ems. The smallest species are the 
detritus and phytoplankton feeders which occur in the deeper water. 
In this group the adult size r~mge is between seven and eight centimetres. 

As the Hap/ochromis occur in vast numbers they must be considered 
as a potential source of food of considerable value, in spite of their 
small individual size. The weight of Hap/ochromis caught by three 
African operated seine nets at Majita (Tanganyika Territory) indicate 
their value as a source of food. Between 120 and 200 tons of Hap/och
romi.l· were caught per annum during the three year period for which 
figures are available. 

The large numbers of Hap/ochromis living in Lake Victoria, especially 
those in the deeper water, must by accelerating the breakdown of organic 
matter have a very significant effect on the biology of the lake. 

It has been observed that a large number of Hap/ochromis ai'e heavily 
parasitized. Common parasites are : a Trematode in the anterior 
chamber of the eye; Nematodes living in the body wall, pericardium and 
gonads; and a Sporazoon infection of the skin and gonads. An 
interesting effect of parasitism has been observed in several specimens 
of H. cinereus - females with either one or both ovaries affected had 
developed coloration similar to that of sexually active males. In general 
parasitized fish - apart from the local areas affected by the parasite 
do not usually shO\;" any gross indications of stunting or wasting. 

A large number of fish were identified from the stomachs of fish
eating birds collected by Dr. H. B. Cott. It was found that the large 
white breasted cormorant, Phalacrocorax /ucidus feeds mainly on the 
small detritus feeding Haplochromis which ocur in water approximately 
sixty feet deep, whereas, the dartcr, Anltinga ru(n, and pigmy cormorant, 
P. a/ricanus, feed on the species living in marginal vegetation and inshore 
\Naters. 

MALAGARASI HAPLocl-mmns. 

During August and September of this year inv~stigations were carried 
out on species of the Hap/ochromis group occuring in the Malagarasi 
River and Swamps. With the assistar.ce or the Fisheries Officer, Kigoma 
extensive collections were made in both the swamp area and the open 
river. Hap/ochromis are not abundant in either hahitat. Two species 
play an important part in the food chain of several predatory fish which 
occur abundantly in commercial catches. Both belong to the i/. b/oyetti 
group, but when living in a swamp feed atypically on the bottom debris 
and not on insect iarvx and small crustacea. However, when living 
in the river further downstream they have an almost completely insect
ivorous diet. 

A third species which feeds on molluscs may prove useful for the 
biological control of snails in fish farms; although feeding mainly on 
on molluscs, these fish when living in the swamps also eat water-lily 
seeds. Since passage through the crushing pharyngeal apparatus of this 
species often splits the tough seed coat, it is possible that these seeds 
have some food value for these fish. Water-lily seeds are also eaten in 
large quantities by species of /J testes and Om ins occ~trring in the swamps. 

The bottom debris, which covers large areas of the swamp is composed 
of decaying vegetable matter, and contains a considerable proportion 
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of higher plant material which has apparently passed through the guts 
of fish. Since it is eaten by several fish species the possiblity is that 
material which is originally indigestible may be rendered available as 
food after repeatedly passing through the guts of fish and undergoing 
partial decomposition in the intervals. 

A species of Serranochromis also occurs in the Malagarasi system. 
It does not form an important elcment in the local gill net fishing, but 
should prove uscful as a species for pond culture as related species have 
been used with success in the Belgian Congo. The food of the larger 
individuals is almost exclusively small fish, particularly Alestes spp.; 
the smaller individuals feed mostly on insects. 

A paper dealing with the taxonomy and ecology of some Malagarasi 
cichlids is in preparation. 

LAKE BUNYONI HAPLOCHROMIS. 

There are no previous records of Haplochromis sp. having been found in 
Lake Bunyoni. Two species have now been recorded from this lake. 
One is similar to H. obliquidens of Lake Victoria and the other to H. 
nigripinnis of Lake Edward. 

MORMYRUS. 

Last year we reported that although Mormyrus /(annumc is one of the 
more abundant fish in Lake Victoria we had no knowledge of where it 
breeds, nor was any reliable information forthcoming from the African 
fishermen. It had already been discovered that they breed once a year 
and that this season in the northern part of the lake occurs between 
September and December. These data werc confirmed this year and con
siderable efforts were made to locate the actual breeding grounds. Ripe 
fish were found on the feeding grounds in deep water throughout the 
breeding period. These fish however, did not contain much food; 
when they were found with some food in their stomachs this consisted 
of mayfly nymphs and small shrimps, with relatively few chironomid 
larva:, their normal food. These mayfly nymphs and shrimps are found 
on areas of rock. These data were followed up by setting nets in deep 
water where rocks pro tude above the mud. The setting of nets was 
greatly facilitated by records taken with the echo sounder. Nets set 
over these patches of rock which emerge above the level of the mud 
caught a very high percentage of fully ripe fish. It seems that Mormyrus 
kanl1ume spawn in deep water over rocks emerging from the bottom 
deposits; other breeding grounds may yet be found closer inshore. 

Eggs from ripe Mormyrus were fertilized successfully. They swell 
-considerably after they are shed and are extremely delicate; unfortunately 
after developing for a few days all eggs kept in the laboratory died in 
spite of many efforts to provide them with suitable conditions. 
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DAGAA. 

While visiting Lake Tanganyika a preliminary examination was made 
of the dagaa fishery. This is the most important commercial fishery 
on the lake. The" dagaa ", small species of open water living Clupeids, 
Stolothrissa and Umnothrissa are caught in enormous numbers. Fishing 
is only carried out at night, particularly when there is no moon. Each 
canoe has a blazing fire carried in a brazier projecting beyond the bows; 
the fishermen make a noise by beating the sides of their canoes and catch 
the fish in large hand nets. 

Dagaa caught in various parts of the lake are dried and, according 
to the Fishery Officer, Kigoma, the bulk is shipped to Kigoma without 
much delay. Statistics of the weights of dagaa transported by lake 
steamer from varying parts of the lake each month between January, 
1946 and November, 1950, were examined to see whether there was any 
seasonal variation in the amounts of dagaa, and if so whether there were 
marked seasonal differences in catches from the south and central parts 
of the lake. A preliminary examination of these figures has shown that 
dagaa are caught in every month of the year, and that there is a great 
variation from year to year in the time of year when most dagaa are 
caught. 

There are good reasons for believing that significant variations do 
occur in the density of these fish and that there are may be periods of 
good years followed by periods when the fish are less abundant. Data 
derived from exports of fish are liable to many errors. Information 
to be of use requires to be expressed as catch per unit of effort, but such 
data are not available. 

CROCODILES. 

Dr. H. B. Cott of Cambridge University after twelve months intensive 
work has collected most valuable data on the habits and food of the 
crocodile. He will be publishing a full account of his investigations; 
what follows should be considered as an interim report only. 

The diet of crocodiles changes with their size. For convenient study 
they may be divided into five groups - (I) length below one metre; 
(2) I - 2 metres; (3) 2 - 3 metres; (4) 3 - 4 metres; and (5) 4 
metres in length from snout to tip of tail. 

The following table shows the percentage ofcrocodiles stomachs (within 
these size groups severally) containing various categories of prey. 

5 
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This table shows that vertebrates form a progressively higher percentage 
of the food of crocodiles as they increase in size. Vertebrates are repre
sented in the smallest group by 16 %, mostly frogs and toads. The 
corresponding figure in the next three groups is 50 %, 75 %, and 80 %, 
while the 4 - 5 metre crocodiles are taking 100% vertebrate prey. 

Insecta are very important in groups I and 2, in larger crocodiles 
they tend to be replaced by other food. Hemiptera occur more frequently 
than other insects, Be/usloma the large water bug being the most common 
species belonging to this order. Next in ordecof occurrence were the 
Odonata (Dragonflies), both nymphs and adults, and Coleoptera (Beetles). 
Other insects recorded are unimportant and sporadic inclusions; they 
comprise, among others, a cricket, grasshoppers, earwigs, termites, ants, 
and a caterpillar. 

CRUSTACEA. Crabs form a substantial element in the diet of groups 
I and 2 and 3, but have not been obtained from the stomachs of crocc
diles above 3 metres in length. 

ARACIINIDA. Spiders are only recorded from group I, where they 
occur in 12 % of the stomachs examined. It may be noted that spiders 
appear to form the main subsistence of young crocodiles feeding on 
the Kaiso sand-spit, .Lake Albert. The spiders themselves are extremely 
cryptic and almost impossible to detect in daylight; how crocodiles 
find them, as they undoubtedly do, on a moonless night, is difficult to 
understand. 

MOLLUSCA. Snails, form a steady element - from 10 - 22 %in the 
stomachs of aU size - groups except the largest. 

PISCES. Fish become increasingly and progressively important for 
increasing size groups, except the largest. Among the fish eaten by 
crocodiles a large percentage are either predators or fish of little direct 
economic value. 

AMPHIBIA. These comprise frogs and toads; trec-frogs of the genus 
Hypero/ius being taken by the sn~aller, and frogs (Rana) and toads (Eufa) 
by larger crocodiles, being found ill specimens of all sizes up to three 
metres in length, but not in the higher groups. 

REPTILIA. Reptiles first appear in group 3, and are important in 
group 5. They include - water turtles, Varanus lizards, and snakes. 

AVES. Birds are recorded from crocodiles of intermediate size, and 
include Darters, White-breasted Cormorants, and Weavers. 
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MAMMALIA. 
in the diet as 

Mammals tend to become progessively 
one progresses up the size-scale. 

more important 

Regarding the quantity of food taken by crocodiles extravagent views 
have been held in the past, but Dr. Cott is of the opinion that a crocodile 
rarely troubles to fill its stomach, leading as it does an idle life in an 
ideal climate. 

It is well known that crocodiles' stomachs contain, besides food remains, 
a quantity of stones or pebbles. It may be said at once that these gast
roliths are, except in juveniles, invariably present. The question arises, 
what is their function. The stones could be acquired in anyone of 
three ways :- derived from the stomachs of prey eaten, taken up with 
food by accident, or deliberately. The first possiblity is ruled out by the 
presence of stones in stomachs of crocodiles whose prey could not contain 
them (insects and crabs, etc.) The second is improbable, since the 
occurrence of stones is so regular; moreover they are found in indivi
duals living in a virtually stoneless habitat, as in certain reaches of the 
Semliki. It seems probable, therefore, that stones are eaten deliberately. 
When these stones are weighed, and the weight compared with the weight 
of the crocodile itself, it is found that this ratio, while being erratic with 
young animals, becomes fairly constant in larger animals. The weight 
of stones is approximately 1.0 per cent of the body weight. This evidence 
suggests that they may assist in regulating specific gravity. 

There is no doubt that the number of crocodiles in East Africa has 
been very greatly reduced. It is doubtful whether any further reduction 
in their number is desirable; they serve several possibly useful purposes; 
when young they exercise a measure of control on many insect groups, 
at a later stage they eat crabs, frogs and toads; it is not possible to 
predict the consequences of a largv increase of these animals; when they 
take to a fish diet they destroy many predatory fish; when very large 
they eat otters, also turtles and snakes. In Lake Mweru whcn the large 
crocodiles were greatly reduced in numbers, otters became a menace to 
the fishermen. It is regrettable that crocodiles occasionally eat humans, 
and that nets set close inshore are liable to be destroyed by them. As 
will be seen the part played by the crocodiles in the economy of a lake 
is a complicated one. 

FISH-EATING BIRDS. 

Besides collecting a great deal of most useful information on the 
biology of crocodiles, D. H. B. Cott also collected data on the food and 
habits of the more important fish-eating birds. What follows is a pre
liminary account of his findings; he will at a later date be publishing 
a full account. 

Cormorants and Darters are numerous and widely distributed; the 
following table shows species of fish commonly eaten by the two species 
of cormorant (Phalacrocorax lucidlls and Phalacrocorax africanlls) and 
the darter (Anhinga ruJa). These data were collected from several 
lakes in Uganda. 

,

-

-
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PISCES P. iucidus P. africanus A. rula 

IMormyrus kannume T 

Mormyrus sp. + 
Alestes sp. + 
Synodontis sp. + 
Lates sp. + 
Engraulicypris argenteus + + 

,.i ngraulicypris sp. + 
Haplochilichthys sp. + + 
Haplochilichthys pumilis + 
Tilapia zillii + 
Tilapia n ilotica + 
Tilapia sp. + 
Haplochromis michaeli -i-
Haplochromis gracilicauda + 
Haplochromis guiarti ., 
Haplochromis "erythrocephalus"

+
+
 +
 

Haplochromis perrieri 
Haplochromis mahagiensis 
Haplochromis wingatii 

+
+
 
+
 

Haplochromis albertianus +

Haplochromis obliquidens + +
 
Haplochromis nubilus --'-
Haplochromis multicolor 

..1
I 

+ 
Haplochromis squamipinnis + 
Haplochromis edwardii + 
Haplochromis nuchisquamulatus + 
Haplochromis schubotzi + 
Haplochromis pharyngomylus + 
Haplochromis serranus + 

It is fortunate that we were able to carry out identifications of the 
various species of Haplochromis, as much of the interest concerning 
the food of these birds lies in the remarkable way they select for their 
food different species of Haplochromis. Specific names given in parent
theses are undescribed species. Out of the twenty-nine genera or species 
of fish listed, no fewer than twenty-four are almost exclusive to the 
diet of one or other of these birds. This difference in diet is reflected 
in their diverse feeding-grounds and feeding-techniques. P. lucidus 
tends to fish more in open waters, sometimes out of sight of land. Cor
related with this habit, the birds have extended and often well-defined 
flight-lines, used particularly at dawn and dusk, between the roost and 
the feeding-grounds, and in flight the birds are gregarious. In both 
respects P. lucidus differs from the other two species. P. a[ricanis and A. 
rufa feed close off-shore and fly singly, generally within easy cruising 
range of the roost, and without the marked diurnal of flight-activity 
which is characteristic of P. lucidus. 

While all three species dive from the surface, details of the dive and of 
periods of submergence and surfacing differ. P. lucidus assists the deep 
dive by leaping clear of the water, and entering head first. P. africanus 
dives head first from a swimming position, after the fashion of a grebe. 
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A. rufa, whose habits are highly specialized, submerges the body slowly 
with the head and neck extended above the surface, the top of the head 
being the last part to disappear. 

Under the water both cormorants pursue their prey, which is seized 
y the mandibles and held by the decurved hook of the bill. The darter, 
n the other hand, stalks its prey, which is speared' smaller fish being 

pier ed by the upper mandible, and larger fish by both mandibles, which 
ar held somewhat apart in the act of striking. The prey, which is 
impaled, is then brought to the surface, tossed into the air and swallowed 
head-first. 

On Lake Albert and the Semliki River no P. lucidus were seen by 
Dr. Cott in April and June; if it occurs there it is certainly scarce. On 
Lake George a few only were seen, but the abundance of P. lucidu. n 
Lake Victoria and the great quantity of fish taken daily by an individual, 
combine to make the species important; it is therefore worth while 
considering its activities in relation to Victoria and the Victoria Nile. 

Among 612 fish remains recovered from P. lucidus only one Tilapia 
was found. Haplochromis species in order of their abundance in the 
stomachs of this bird are as follows :- Haplochromis guiarli, (predator) ; 
H. "erYlhrocephalus" and H. "eslomachi", (plankton feeders); H. 
michaeli, (insectivorous) and H. gracilicauda, (predator). This cormorant 
is certainly not harmful to Tilapia fisheries and might perhaps even be 
regarded as beneficial. 

P. africanus is abundant and widely distributed 10 Uganda waters. 
Distribution of the birds shot was as follows :

Lake Victoria and Victoria Nile 57 

Semliki River and Lake Albert 48 

Lake George 7 

One hundred and twelve stomachs were examined, of which 98 contained 
recognizable fish remains. It was observed that inroads upon the Tilapia 
population by this cormorant were negligible, those taken amounting 
only to 1.4 per cent of the prey recovered. Among the Haplochromis 
species taken, the following occur frequently :

Victoria H. multicolor,' H. nubilus,' H. obliquidens 

Albert H. wingatii 

George H. schubotzi.. H. nigripinnis .. also 

Haplochilichthys pumilis. 

Dr. Cott has also collected some valuable data regarding the food of 
herons and pelicans. Among the several species of h ron occurring in 
East Africa, only two Ardea goliath (the Goliath Heron) and A. purpurea 
(the Purple Heron) appear to feed exclusively on fish; both have been 
found with Tilapia remains in their stomachs. 

The two species of pelican in Lake George (P. rufescens and P. ono
crolalus) were both found to be feeding largely on Tilapia. 
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APPENDIX A. 

CHEMICAL ANALYSES. 

LAKE ALBERT. 

Sampled 5.11.52. 
Analysed 7.11.52. 

Station: 7 miles north of Butuaba - 1600 hours. 

Total Depth 31 metres: Hard bottom, little mud. 

DFPTH SURFACE 10 METRES 20 METRES 25 METRlOS 30 METRES 
I 

ITemperature eC. 28.0 27.4 27.3 27.25 27.] 
Oxygen ppm. 6.8 I 5.7 5.2 4.8 3.3 
% Saturation 87 72 65 60 41 
Conductivity 700 700 700 700 700 
pH 9.09 9.05 9.05 9.06 8.93IAlkalinity N x 10-4 690 680 690 690 680 
Calcium ppm. . 20 20 20 20 20 
Nitrate 0 0 0 0 0.07

" 
Nitrite 0 0 0 0 0

" 
Ammonia 0 0 0 0 0

" 
Pho phate 0.2 0.25 0.3 0.2 0.3

" 
Silica 2.0 3.0 3.0 3.0 5.0

" 
]1'011 0 0 0 0 0

" 
Chloride 136 136 136 136 136

" 
Sulphate 10 0 Trace Trace 20

" Diatoms/ c.-Nitschia 3860 830 850 660 227 
Cyclotella 320 86 100 122 75I

-
-
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SAMPLES FORM LAKE ALBERT AREA. 

ANALYSED 7.7.52. 

COLLECTION: BUTIABA LAGOON BUKUKU LAGOON NTOROKO LAGOON MUZIZI RIVER DELTA OF SEMUKI 
CONN. MAIN L:\KE 

I 

, 

Date 
Conductivity 
Alkalinity X lOA N 
Calcium ppm. 
Nitrate 

" Nitrite 
" Ammonia " 

Phosphate " 
Silica 

" 

25.6.52. 
1120 
107.5 
20.0 

Trace 
...... 
...... 

0.025 
40.0 

22.6.52. 
3750 
330.0 

0.4 
0 
0 

2.0 
1.3 

48.0 

21.6.52. 
575 
53.2 
12.0 

0 
0 

Trace , 0.175 
16.0 

17.6.52. 
93 

9.38 
10.0 

Trace 
0.002 
0.4 
0.125 

40.0 

16.6.52. 
800 
71.6 
15.0 

0 
.,., .. 
. ..... 

0.425 
24.0 

N 
00 

Chloride 
" 

20.0 316.0 0 0 0 
Sulphate 

" 
0 400.0 0 0 0 

Total Iron " ...... No Iron detected in any sample using Phcnanthrolinc . ..... 

I 

I 
-
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LAKE EDWARD. 

SAMPLED 26.11.52. 

ANALYSED 2.12.52. 

Position: 29° 30' E. 0° 22' S. - Sunny, slight swell Total Depth 
38 metres, 25°C. Sandy bottom. 

DEPTH 'U""C110 M. 20 M. 30 M. 33 M. ~-~---------
Temperature cC. 27.00 25.4 25.4 25.4 25.3 25.2 25.2 

Oxygen ppm. 5.7 5.2 5.1 4.2 5.4 ...... 4.9 

% Saturation 72 64 64 50 65 ...... 59 

Conductivity 900 900 900 900 ...... ...... 900 

pH 9.02 9.02 9.03 9.00 ...... ...... 8.98 

Alkalinity N x 10-3 10.6 10.5 10.5 10.5 10.4 

Silica ppm. 5 7 6 5 8 

Phosphate 
" 

0.05 0.05 0.05 0.05 0.025 

Ammonia 
" 

0.2 0.2 0.4 0.4 0.4 

Nitrite 
" 

I 
...... ...... ...... 0 0.022 
-, 

Nitrate 
" 

0 0 

Iron 
" 

0 Trace 0 0 0 

Calcium 
" 

...... 16.6 ...... ...... 15.4 

Chloride 
" 

48 48 48 ...... 72 

Sulphate 
" 

38 ...... ...... ...... 44 

Diatoms/cc.-Nitschia 4000 4000 ...... 2000 1 i 
600 

, 

,~ -

.~ ~\4' 
~ .. 



LAKE EDWARD END OF KAZINGA CHANNEL. 

1200 hours, 27.11.52. 

300 YARDS FROM 
MOUTH OF 

CHANNEL IN LAKE 

260 YARDS FROM 
MOUTH IN LAKE. 

I 2~0 YARDS FROM 
LOUTI~N LAKE: AT MOU'-I-I 

_________\ 

2.1 M.l SANDY 
BOTTOM. I 25.85"c.-1 

SURFACE 12M. 

j I I 

1~~~1--2-;--~:;;-; 1.6 M. 

I BOTTOM MUD 4.5 M., 24.85°c. 

I SURFACE 1 2M. 1 4M._ 

v
a 

Temperature 0c. 
Conductivity 
Normality x 10-3 

Silica 
Sulphate 

26.3 
900 
9.7 

8 
150 

26.0 
900 

10046 
6 

200 

I 

I 

26.4 
850 
lOA 

6 
70 

850 
10.2 

7 
60 

j 25.8 I 

7,00' 
7.8 I 
14 I 

10' 
I' 

25.8 
850 
10.0 

5 
80 

25.8 
165 
2.0 
24 

24.7 
160 
2.0 
24 

Less than 1 

24.5 
165 
2.0 
28 
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LAKE GEORGE AND INFLOW. 

SAMPLED 25.11.52 

LAKE GEORGE MID-LAKE MPAMGA DELTA. 

Depth of water 3 metres 100-200 yards from lake 

SURFACE 1 M. 2 M. 3 M. 31 M. SURFACE 2.75 M. 1 M. 

MUD 

Appearance Green & turbid Brown & clear 

Temperature "c. 23.45 23.45 23.45 24.00 26.5 20.00 20.00 20.5 

Oxygen ppm. 5.3 5.4 5.0 0.7 0.6 1.2 

% Saturation 63 64 60 7 6 13 

Conductivity 165 160 170 135 130 135 

pH 9.24 9.1 8.97 7.42 8.00 7.36 

Alkalinity Nx10-4 17.6 17.4 17.8 13.4 12.9 12.9 

Silica ppm. 20 20 20 24 24 24 

Phosphate 0.1 . 0.\ 0.075 0.15 0.15 0.15 

Ammonia Trace Nil Nil 0.8 0.8 1.4 

Nitrite Nil Nil Nil Nil 

Nitrate Nil Nil Nil 

Iron total 1.6 0.4 1.0 Nil Treace Nil 

Calcium by 
titration 20.8 17.8 

Magnesium ppm. 5.47 3.22 

Chloride 6 6 6 4 4 Nil 

Sulphate Not Detectable Not Detectable 140 
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LAKES BUNYONI AND MUTANDA. 

LAKE BlJi\YlNJ LAKE MUTANDA 

DETAILS: TIME J230 hI's. - 13.10.52. 1100 hI's. - 12.10.52 
STATION Cl:IABAI-IJA LAND L"!(i LAKE C6NTRE 

Temperature "c. n.2 23.3 
pH 7.42 5.00 
Conductivjty 260 200 
Normality x 103 20.6 10.0 
Phosphate ppm. 0.1 Trace 
Silica 8 16

" Ammonia" 0.44 0.4 
fran Trace Nil

" Chloride 150 2.06
" Calcium .. 25.0 25.0 

Analytical Notes: Both samples contained R2S, but clear in appearance. 
Nitrate, Nitrite, Sulphate, were not delectable. 

Microscopical Examination : 
Lake Bunyoni - Very large numbers of planktonic diatoms (S)'lledl'o) 

about 4,000 diatoms per C.c. Little debris, a few 
small green unicellular algae, and very few small 
colonies of Merismopedia (a Blue Green) 

Lake MUlanda - Little organic debris, some fine sil t. No recognizable 
algae. 

RUHEZ 

SAMPLED 31.7.52.
 
RE('eJV.L::D 10.9.52. - ANALYSED 11.9.52.
 

SHONGI RIVER RUHEZAMINDA RIYER
 

lour lear 
pH 6.4 

onnality 18 >< IO-~ 

Conductivitv 50 
Dissolved C02 ppill. 

(Calculated from above data) 70 2.5 
Calcium ppm. 2.3 27 
Chlorid Trace 3.0 

ulphute --- Not D ectable -- 
Phosphate 0.05 0.075 

ilica 10 16 
Ammom: 0.1 0.12 
Nitrite 0.01 Nil 
Nitrate " 0.1 0.65 
Total Iron " Trace 10 
Microscopical Examination : No Plankton, little No Plankton, some 

Debris silt and debris 
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MALAGARASr SWAMPS AND RIVER. 

ANALY ED 26.10.52. 

KASANDA BAY RIVEI W TER UVINZA FERRY IRAQ, 

IN SWAMP I~ SWAMT' ARIA BilLOW SWAMP 7 MI FROM 

n"E Dar 

ollected 30.8.52. 26.8.52. 18.9.52. 14.9.52. 

pH 7.26 7.66 7.24 6.73 

ondtlctivity 300 300 170 170 

Pbosphate ppm. 0.175 0.1 0.1 0.025 

Silica 80 80 64 40 

itrat 0 0 0 0 

itrite 0 0 0 0 

Ammonia Abundant Abundant Abundant 0.24 

Iron 0 Trace 19 16 

loride 137 104 103 104 

Stdphate Not Detectable 

Cal ium 36.5 36.3 17.5 22.2 

Normality x 10-4 28.0 . 31.5 16.0 14.6 

nalytical Notes:	 Amm nia estimation difficult due to presence ot' 
reducing substance.. 

Microscopical Examination :
 
KA 'DA BAY I SWAMP- Some d bri plant pid mus, algal filamen •
f	 I 

occftsional diatoms (Melosira) StallraS!rum, 
Rotifers, (both Norops and AnI/mea l)'pes, 

auplius larvae, and Cyclops. 

Rl E\l. WATER l:--I SWAMP AR. - Open W"tCf, 9 feet deep. Very little 
debris, occasional algal cells, lony of 
Botryococcus. 

UVINZA FERRY BELOW SWAMP - Littoral and planktonic dialoms 
(Nitschia, Navicula, Tabellaria types). 52 
diatoms per c.C. Much debris. 

IragalIa, 7 miles from the Delta - Much fine organic debris. 86 diatoms 
per c.c. 
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LAKE NKUGUTE. 

CRATER LAKE NEAR KICHWAMBA. 

Collected by Prof. L. C. Beadle on 3.9.52. - Analysed 26.9.52. 

,;.A- I I Depth Surface 45 metres 
Cond uctivity 98 130. 
pH 6.6 6.14 
Normality X 10_4 2.5 2.25 
Phosphate ppm. 0.15 1.0 
Silica 8 12

" 
Nitrate� 0 0

" 
Nirrite� 0 0

" 
Sulphate� Not detectable ---

" 
Chloride� Trace 0

"� . 
Calci lim� 11.8 15.0

" 
[ron Total� 0 50

" 
Reducing substances as H2 S 20� 46 

Notes:� Ammonia estimation by Nessler solution impossible due to 
highly reducing properties of sample. Reducing substances 
esti!T,ated on 10 c.c. sample by oxidation of N/150 potassium 
dichromate. 

SPECTROGRAPHICAL ANALYSIS CARRIED OUT BY E.A.A.F.R.O. 

COI\'IPARISON OF CHEMICAL COMPOSITION OF WATER AND PHYTOPLANKTON. 

Surface water, Jinja� Dried Sample of 
20.9.52.� Phytoplankton 

Calcium ppm. 6.4 Calcium 0.35% 
Magnesium " 2.4 Magnesiulll 0.32/~ 

Manganese " 0.047 Manganese 0.61 h; 
Potassium 3.5 Potassium 0.38% 
Sodium 7.7 Sodium 0.06%" 

Ash� 19.7% 
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APPENDIX B. 

DIATOMS 

Epiphytes on Water weeds in Buka Bay, Lal<e Victoria :
Amphora oval is (Kutz.) Kutz. var libyca (Ehrenb.) Cleve 
Cocconeis placentula Ehrenb. var euglypta (Ehreb.) Cleve 
Cymatopleura nyansae G. S. West 
Cymbella cymbiforrnis (Ag.) Breb. 
Cymbella maCldata (Kutz.) Ross 
Cymbella muelleri Hust. 
Cymbella tumida (Breb.) Van Heurck 
Epithemia ad nata (Kutz.) Brcb. 
Gomphonema capitatum Ehrenb. 
Gomphonema gracile Ehrenb. 
Gomphonema JanceoJatum Ehrenb. 
Melosira agassizii Ostenf. 
Melosira italica (EhrenbJ Kutz. 
Melosira nya ensis O. Mull. var victoriae O. Mull. 
Navicula nyassensis O. Mull. 
Navicula zanonii Hust. 
Pinnularia gibba Ehrenb. var sancta Grun. 
Rhopalodia gibba- (Ehrenb.) O. Mull. 
Rhopalodia vermieuJaris O. Mull. 
Stephanodiscus astraea (Ehrenb.) Grun. 
Synedra amphicephala Kutz. 
Synedra ulna (Nitzsch) Ehrenb. 

From bottom muds in shallow water, 1-3 metres, Buka and Bukafu Bays:
Achnanthes lanceolata (Breb.) Grun. 
Amphora ovalis (Kutz.) Kutz. var libyca (Ehren b.) Cleve 
Cocconeis placentula Ehrenb. var euglypta (Ehrenb.) Cleve 
Cymatopleura nyansae G. S. West 
Cymbella muelleri Hust. 
Cymbella tumida (Breb.) Van Heurck 
Epithemia adnata (Kutz.) Breb. 
Fragilaria africana Hust. 

-( Fragilaria construens (Eluenb.) GrUil 
Fragilaria pin nata Ehrenb. 
Melosira agassizii Ostenf. 
Melosira italica (Ehren b.) Kutz. 
Melosira nyassensis O. Mull var victoriae O. Mull 
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Navicula nyassensis O. Mull.� 
Navicula pupula Kutz.� 
Navicula viridula Kutz.� 
Navicula zanoni Hust.� 
Nitzschia acicularis W. Smith� 
Nitzschia amphibia Grun.� 
Pinnularia gibba Ehrenb. var sancta Grun.� 
Rhopalodia gibba (Ehrenb.) O. Mull.� 

~	 Rhopalodia vermicularis O. Mull. 
SLephanodiscus astraea (Ehren b.) Grun 
Surirella engleri O. Mull. 
Surirella nyassae O. Mull. 
Synedra amphicephala Kutz. 

From bottom muds in the Buvuma and Rosebery Chanvels, 20-30 metres :

Amphora ovalis (Kutz.) Kutz. val' libyca (Ehrenb.) Cleve� 
Cocconeis placentula Ehrenb. val' euglypta (Ehren b.) Cleve� 
Cymatoplellra nyansac G. S. West� 
Cymbella muelleri I-lust.� 
Epithemia ad nata (Kutz.) Lag.� 
Fragilaria construens (Ehrenb.) Grun.� 
Gyrosigma acuminatllm (Kutz.) Rab.� 
Melosira agassizii Ostenf.� 
Melosira italica (Ehrenb.) Kutz.� 
Melosira nyassensis O. Mull val' victoriae O. Mull.�! Navicula nyassensis O. Mull.� 
Navicula zanonii Bust.� 
Pinnularia gibba Ehrenb. var santa Grun.� 
Rhopalodia gibberula (Ehrenb.) O. Mull.� 
Slephanodiscus astraea (Ehrenb.) Grun.�1: Surirella engleri O. Mull.� 
Surirella nyassae O. Mull.� 
Synedra cunningtonii G. S. West.� 

From bottom mud at the open lake stat'ion, 33° 0' E., 0" 10' S., 60 metres :

Melosira agassizzii Ostenf.� 
Melosira nyassensis O. Mull val' victoriae O. fvlull�~ Navicula zanonii Hust.j Stephanodiscus astraea (Ehrenb.) Grun. 
Surirella nyassae O. Mull. 

~. Phytoplankton, Lake Victoria, composite list from Buvuma and Rosebery� 
Channels, Wera Bay, open lake at 33° 0' E., 0° 10' S." and Kavirondo Gulf� 

October - December.� 

Melosira agassizii Ostenf.� 
Melosira italica (Ehrenb.) Kutz.*� 
Melosira nyassensis O. Mull. val' victoriae O. Mull.� 
Stephanodiscus astraea (Ehren b.) Grun.� 
SurireJla engleri O. Mull.� 
Surirella nyassae O. Mull.� 

I,� SurireJla tenera Greg. 
*Probably recorded as Melosira ambigua (Grun.) O. Mull. by Teiling 

III (Annual Report, 1950). 

t, 
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APPENDIX C. 

THE FOOD OF MORMYRUS. 

DIPTEROUS LARVAE AND PUPAE OTHER FOOD ORGANISMS 

Very commonly Less commonly occurring 
occurring and varying with habitat 

Chironomus Chaoborus Ephemeroptera nymphs 
Tanypus (= Pelopia) C1inotanypus Trichoptera larvae 
Procladills Tanytarslls Odonata nymphs 

Cryptochironomus Coleoptera 
Ablabesmyia (=Penta- Ostracods 

neura) Prawns 
Polypedilum Vegetable material 
Other Chironomids 
Ceratopogonids 

I 
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APPENDIX D. 

SNAIL PARASITOLOGY. 

THREE EXAMPLES OF INFECTION EXPERIMENTS. 

Biomphalaria chaonompha/a chaollomphala S. mal/soni.. 
Snails from River Nile below Owen Falls 
Ova from : West Nile (the patient was under treatment and had 

already received five intramuscular injections). 
Forty-five snails were exposed individually to infection by ten mira

cidia each on the gth May. Five shed cercariae after thirty days; another 
four after thirty-five days and two more after fifty-five days. A total 
of eleven: 24 % infection rate. The smallest snail infected was 2.5 111m. 
high and 5.5 ml11. wide. 

Five mice were each exposed to two hundred cercariae; all passcd 
S. mallsoni ova within a period of sixty-nine days. 

Bu/il/us (PhY.I'opsis) nllslIto. S. haemalobium.� 
Snails from : Serere = (Uganda)� 
Ova from : Lango District.� 

One hundred snails were each exposed to ten miracidia on the 12th 
March. After thirty-eight days thirty-four shed cercariae; after forty
five days another twenty-two shed cercariae, a total of fifty-six: 56 % 
infection rate. The smallest snail infected was 8 mm. high, and 4 111m. 
wide. 

Five mice were each infected, two died on the fifty-fourth day, one of 
which had immature Trematodes in the liver. Seventy-four days after 
infection aLI the mice were killed, two were found with male and female 
worms, but no ova were found. 

LXPERIMENTAL INFECTION IN POND. 
Biomphalaria choanompha/a chotlllompha/a. S. mansoni. 
Snails from : Napoleon Gulf near Jinja Pier and River Nile below 

Owen Falls. 
Ova from : Kisumu. 

Four hundred snails were used; a small sample of infected faeces 
was placed in the pond on three successive days commencing on the 3rd 
August. All snails werc removed from the pond after twenty-six days 
and placed under a strong light. Innumerable cercariae were shed. 
The following day (the twenty-seventh day after infection) each snail 
was isolated in a small beaker and again exposed to light. One hundred 
and thirty snails shed cercariae. On the thirty-second day another 
seventy-one, and on the thirty-fifth day twenty-five more shed cercariae. 
A final check was made on the thirty-seventh day and ten more were 
found to have shed cercariae. A total of t.wo hundred and thirty-six: 
59 % infection rate. The smallest snail infected was 2.5 mm. high and 
5 mm. wide. 

Ten mice were exposed to cercariae. Between the fifty-third and the 
seventy-fourth days seven had lateral spined ova in their faeces. 



INFECTION EXPERIMENTS WHICH GAVE NEGATIVE RESULTS. 

SPECIES OF SNAIL TOTAL NUMBER OF NUMBER OF SOURCE OF SPECIES OF 

INDIVIDUALS TESTED EXPERIMENTS SCHISTOSOMA SCHISTOSOMA 

Bulinus (Phys.) africanus ovoideus lOa 2 {west Nile m 
Bulinus (Phys.) africanus ovoideus !70 5 Lango District h 
Bulinus (Phys.) globosus ugandae n. subsp. lOa 2 rWest Nile m 

210 4 ~ Kisumu h
" " " " " 2 ~ Lango District h 

Bulinlls (Pyrg.) forskalii 120 2 Unknown m 
Bulinus (Pyrg.) forskalii 313 4 h~ Lango Di'''ict 

Kisumu h 
Bulinus (Pyrg.) scalaris 30 I West Nile m 
BlIlinus (Pyrg.) scalaris 50 2 Unknown h 
Bulinus (B.) trigon us trigon LIS 50 I {Unknown m 
Bulinlls (B.) trigonus trigonus 175 2 Kisumu h 
Bulinlls trigonus strigoslls 25 1 [Kisumu m 
Bulinus trigonus strigoslls 85 2 h{Kisumll
Bulinus trigon:Js transversalis 25 I Unknown m 
Bulinus trigon us transversalis 385 2 Kisumll h 
Anisus nataiensis 50 2 [West Nile m 
Anisus natalensis 50 I l Lango District h 
Lentorbis jllnodi 50 1 {Kisumu m 
Lentorbis junodi 25 I Lango District h 
Segmentorbis angllsta ~O  1 {west Nile m 
Segmentorbis angllsta 25 I Lango District h 
Lymnaea nata!ensis caillaudi 50 I Kisumu h 

The above experiments indicate that the snails listed are unleikely to be vectors of either S. mansoni or S. hacmatobium in Uganda. 
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APPENDIX E. 

HORMONES IN LUNGFISH. 

The following note has been received from Mr. D. E. Moorhouse 
of Oxford University. He and Dr. W. Holmes during 1951 and 1952 

,;.# visited the Laboratory under a grant by the Nuffield Foundation. 

"Histochemical methods have shown the presence of ketosteroid 
substances in certain of the cells of the peri-renal tissue in Protopterus ; 
the homology of these cells with the adrenal cortex of higher vertebrates 
is thus confirmed. Other cells in this tissue, negative to the ketosteroid 
tests but containing adrenal-like lipoid inclusions, show marked changes 
following certain experiments. These experiments were similar to others 
carried out previously on higher animals. Hypophysectomy leads to a 
" blocking" of the normal secretion, resulting in a lipoid concentration 
much above normal. A.C.T.H. on the other hand causes a depletion 
in the total lipoid concentration. Stress and artificially induced hiber
nation have simiiar effects." . . 



41 

SUMMARY 

Several important advances have been made in our knowledge both 
regarding the factors which determine fertility in tropical lakes and the 
fish that live in them. 

As a result of our investigations a new theory has been put forward 
regarding the part played by animals in the bionomics of a lake; this 
theory, stated somewhat baldly, is that within certain limits the greater 
the number of animals in a shallow tropical lake, the greater becomes 
its potentia! fertility, and therefore the greater the number of animals it 
can support. The theory arise~ as a logical conclusion, once we accept 
the fact that the rate of production in such a lake is determined by the 
rate at which organic matter is decomposed. Bottom deposits 
which consist mainly of vegetable matter decompose slowly, 
whereas deposits which contain a high proportion of matter of animal 
origin decompose more rapidly. Thus the more animals in a lake, 
particularly animals which feed on plant material, the faster the 
biological cycle can proceed and the greater the density of anima'ls it can 
support. This new concept will have a very profound influence on our 
ideas concerning the consequences of overfishing tropical waters. It 
also shows that efforts must be made to encourage and protect all 
herbivorous and detritus feeding animals, whether they be copepods, fish, 
or hippopotami, and "..hether they are of immediate economic importance 
or not. 

A comparison between the J3roductivity of superficially similar swamps 
has shown that some are highly productive and others are not; for 
example the Malagarasi swamps are very much more fertile than th~ 
Kyoga swamps. A factor determining the high productivity of the 
Malagarasi swamps appears to be the presence of certain herbivorous and 
detritus feeding fish. After further investigations it may be possible to 
recommend that these fish should be introduced into Kyoga as a large 
scale experiment. 

Our earlier reports have stated that blue green algae are not digested 
by Tilapia. These data were collected from Lake Victoria and Lake 
George. During laboratory experiments with algal cultures it was noticed 
that in water with a high ratio of sodium to calcium growth forms of 
blue green algae were different from normal, their shape suggesting that 
the cell walls were more permeable, and thus presumably more digestible. 
At a later date field studies on Lake Rudolf showed that T. nilotica 
digest the species of blue green algae occurring in that lake. These 
fish grow to a great size, exceeding twelve pounds in weight. The waters 
of Lake Rudolf have a high ratio of sodium to calcium. There appears 
to be an obvious connection between these two independent lines of 
research. Further investigations will be carried out as this seems to 
be a discovery of some importance. 

Considerable advances have been made in studies on the taxonomy of 
Haplochromis and Tilapia, also in similar studies on the Gasteropod 
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fauna. In connection with the latter new facts concerning the life cycle 
and hosts of Schistosoma have been discovered. 

The analysis of statistics provided by the Lake Victoria Fisheries 
Service has thrown new light on the habits and movements of Tilapia. 
The ultimate size of these fish and the density of future stocks appear 
to be determined very largely by their growth and rate of survival during 
a critical four to six months period after they leave the parent fish, when 
about fifteen millimetres long, and are living in sheltered waters containing 
mariginal vegetation. These open swampy areas may be considered as 
Tilapia nurseries. Dense papyrus swamps are not inhabited by Tilapia. 
Conditions affecting their growth in these sheltered waters are numerous, 
but of special importance are the values of dissolved oxygen and the 
quality and quantity of the food supply. 

A new technique to determine chemical deficiencies in lake waters 
has been developed using algal cultures as indicators. Results prove 
that not only are nitrates and phosphates in short supply, but also sul
phates. In some cases sulphates appear to be the primary deficiency. 
In most parts of the world sulphates are abundant in natural waters and 
are hence seldom considered as likely to constitute a limiting factor. 
Although naturally occurring sulphates such as gypsum are scarce in East 
Africa, remedial measures may prove possible as the by-product from 
copper smelting and from the production of superphosphates is calcium 
sulphate. 

As a result of our earlier recommendations a new company has been 
formed under the aegis of the V.D.C. to develop a fishery for the Mormy
rus in Lake Victoria. It has for long been a mystery where these fish 
spawn; we have now discovered that they spawn over rocks emerging 
from the mud in deep water. Ripe fish have been collected and their 
eggs fertilised. The locating of the spawning grounds was greatly 
facilitated by the echo sounder which we recently acquired. 

Data have been collected from twelve lakes in East Africa. The 
longer safaris undertaken during the year were to Lake Tanganyika, 
Rudolf, and Bunyoni. 

During the year we have provided laboratory facilities for four visiting 
scientists; subjects investigated include the chemical and physical con
ditions obtaining in swamps, the habits and food of crocodiles and fish 
eating birds, and taxonomic and ecological studies on the diatoms, also 
the collection of material for both the British Museum and the London 
Zoo. 


