
Observations on Fishery Management in Africa1

K e n n e t h  D. C a r l a n d e r 2

Abstract. Fisheries personnel in Liberia, Nigeria, Ghana,
Sudan, Uganda and Egypt were visited in March and April 
1965. Harvest of fish from the sea, lakes and rivers is being 
improved through improved boats, motors, ,and docking 
marketing facilities. High dams on the Nile and Volta Rivers 
are providing new fishery resources which will require 
research and development of new techniques. Flooded veget
ation has caused oxygen depletion in the Volta Reservoir.
The dams will also interfere with spawning of fish and clams 
downstream, and the Nile dam has already reduced the 
catch of sardines in the Mediterranean. Fish culture is 
hindered by lack of experience and research and by shortage 
of supplemental foods. Africanization of the fisheries depart
ments has often displaced trained biologists before their 
counterparts could be trained. Attention is being given in 
each country to the training of fisheries personnel, but out
side help will be needed for many years.

A 2-month visit in eight African countries does not qualify me 
as an expert, but my opportunities to meet fishery biologists gave 
me an insight into some of the fishery problems. In March and 
April 1965, my wife and I visited fishery laboratories and per
sonnel in Liberia,Nigeria, Ghana, Sudan and Uganda. We also 
visited Ethiopia, Kenya and Tanzania but saw little of their 
fisheries. Then we were in Egypt for 7 months to develop a 
university program for training fishery biologists.

In each of these countries fish have been harvested for cen
turies by techniques that are still being used. The catch per fish
erman is usually small, but in some localities the number of 
fishermen is so high as to harvest all the fish that could be taken

1 Journal Paper No. J-5401 of the Iowa Agricultural and Home Economics Ex
periment Station, Ames, Iowa. Project No. 1374 of the Iowa Cooperative Fishery 
Unit, sponsored by the Bureau of Sport Fisheries mid Wildlife (U.S. Dept. Interior), 
Iowa State Conservation Commission and Iowa State University of Science and 
Technology. This study was made while the author was on leave of absence. 
During 7 months of the year he was on a Ford Foundation assignment helping to 
establish a fishery biology training program in Alexandria, Egypt,
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with more efficient gear. The yield might be increased if there 
were less intensive harvest, but is it difficult to limit the fishing 
pressure because there is no other profitable employment avail
able for the displaced fishermen. Furthermore, there are not 
adequate data on the fisheries to prove the value of less intensive 
fishing, nor the degree to which the effort should be reduced. 
That most of the fish are caught before they reach adult size 
suggests overfishing in some areas.

Protein is deficient in the diets of most of the poorer people in 
all of these counties, and improved fisheries could provide high 
quality protein. Improvement of* the fisheries must usually be 
accompanied by improvements in agriculture,||education, in
dustry and other aspects of the economy.

Lack of freezers and ice means that the fish must be sold 
locally and quickly. The quality of the fish in the markets is 
usually very good because of the necessity of selling the fish 
within hours of their capture. The small sizes of the catches and 
selling of most fish in small lots facilitate maintenance of quality. 
In areas some distance from sources of -fresh fish, the people 
are not used to fish and have to be educated in their use when 
supplies are brought in.

M a r i n e  F is h e r ie s

Marine fisheries along the coasts of the West African countries 
have expanded signficantly in recent years, through introduction 
of larger boats and of techniques for deep-water fishing. Since 
fisheries require significant capital, most of the advance has 
come through governmental help through a few large companies. 
Much of the offshore fishing is done by non-African vessels. 
Canoes made from large hollow logs are still widely used even 
in the sea, however.

The Fishery Department of Ghana has provided many facili
ties at the new fishing port in Terna. There is a boat-building 
facility where 40 and 60-foot trawlers are built of native lumber 
and sold under favorable terms and prices to commercial fisher
men, and a shop where fishermens motors are repaired free, 
except for the cost of parts. The trainees from this shop are 
then helped to establish repair shops in other ports. There is 
also a fisheries laboratory where biological data and catch 
statistics are collected to guide future management. Department 
biologists also collect fishery statistics at two of the six other 
marine fishing ports.

L a k e s  a n d  R iv e r s

There are few natural lakes in West Africa, but East Africa 
has many fisheries on their Great Lakes. We saw only Lake
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Victoria, some parts of which show signs of being over-fished. 
The main body of the lake is too dangerous for small boats and 
has fishery resources not now being utilized. The Uganda De
partment of Fisheries has been experimenting with a catamaran, 
made by lashing two fishing boats to a frame, for greater safety 
in fishing the open waters. They have also developed an im
proved boat for Lake Victoria. The large trees used for dugout 

(dfanoes are becoming quite scarce in the area. The new boats 
are being built of mahogany and are sold to the fishermen below 
cost. The carpenters, upon certification after 5 years of training, 
are helped to establish boat-building shops in other areas.

On these larger lakes the fish cannot all be sold fresh locally. 
Hickling (1961, pp. 186-192) described the large processing 
plants, for drying and for freezing fish and for producing fish 
meal at Lake George, established in 1949 by The Uganda Fish 
Marketing Corporation (TUFMAC) * We did not see these but 
saw fish drying on racks at Entebbe and the pilot project for 
canning the abundant but small Haplochromus spp.

The East Africa Freshwater Fisheries Research Organization 
in 1947 established a laboratory at Jinja, Uganda, where the 
White Nile leaves Lake Victoria (Hiatt; 1963). The British 
Commonwealth supports the laboratory as a “Common Services” 
contribution to Uganda, Kenya, and Tanzania. Two of the five 
biologists we met were Ugandans, recent graduates of Makerere 
College.

Rivers are the principal natural freshwater fishing area in West 
Africa. Rivers are difficult to manage, and not much has been 
done to improve their fishery resources. The largest river fishery 
we saw was on the Nile at Khartoum. An improved fish market 
has been provided by the fishery department here. Where 
production is greater than the local fresh fish market can con
sume, fish are sundried or preserved with salt.

I m p o u n d m e n t s

Several large dams are planned or are under construction to 
provide electrical power for industrialization. We visited the 
Volta River Project in Ghana and the High Dam at Aswan, 
Egypt, where two of the largest man-made lakes in the world 
are beginning to fill. Studies are started on each lake to aid in 
developing and improving the fishing. Fish show the fast growth 
typical in new impoundments. ThJ| fishermen, however, have 
to learn new techniques to fish the large lakes and need safer 
boats .and new types of gear. Access roads, docks and storage 
facilities are needed for proper development of the fisheries 
on these reservoirs. The Volta River Reservoir floods a tropical
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jungle area, and the inundated vegetation has already caused 
serious oxygen depletion and fish-kill. The flooded forests will 
also interfere with many types of fishing gear. A few small 
areas have been cleared before inundation so that they can more 
readily seined. The Aswan Reservoir floods a desolate desert area 
with only a narrow band of vegetation along the river channel.

Many villages have had to be resettled to clear the area for 
the lakes (about 70,000 people in Ghana and 40,000 in Egypt). 
Many of these people fished the river and know little about 
fishing in lakes. As the lakes become established new villages will 
develop along the lake shore, where fishery facilities may be 
constructed. The dams also affect the fisheries below. Many of 
the river fishes spawn in the shallow areas following floods. 
Control of the floods may greatly reduce reproduction of these 
fishes. It is known that the Nile River floods are an important 
source of nutrients in the Mediterranean Sea and that the sar
dines concentrate in the enriched areas each year after the floods. 
This last year, when the Nile flood was controlled by the Aswan 
Dam, the sardine fishery was very poor. In Ghana, there is an 
extensive freshwater clam fishery that will probably be eliminated 
by the Volta River Dam, because the clams, Egeria radiata, 
spawn in the delta area during the floods, which will now be 
controlled. This clam fishery and others on the lower Volta are 
also threatened by a large tannery which expects to put its 
untreated wastes into the river. Increased industrialization will 
greatly increase the dangers of pollution in many waters in these 
countries. As yet, little attention has been given to pollution 
control.

Fish Culture

The raising of fish in small ponds would seem to have the 
greatest promise for increasing fish production in areas where 
more protein is needed in human diets. Locally produced fish 
do not need extensive storage and transportation facilities. In 
general, fish farming has not been particularly successful in 
Africa. We did learn of the Panyan fish farm in Nigeria where 
an Austrian fish culturist, Mr. Zwelling, has successfully reared 
carp and other fishes in 80 acres of ponds. Isolated ponds else
where have been quite successful, but much more research and 
public demonstration are needed. The most extensive research 
program we saw at the Kagansi Fishery Station near Entebbe,. 
Uganda, where Yoel Pruginin from the F.A.O. is experimenting 
with hybrid Tilapia, and with Nile perch as predators to keep 
Tilpia from becoming overabundant. We also visited the brackish 
water fish culture station at Bugumo, Nigeria, established with 
help from the F.A.O.
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Several fish culturists believe that supplemental feeding is 
needed to raise enough fish to pay the costs of constructing 
ponds. Most of the African areas lack excess food products 
which can be economically fed to fish. In Liberia, Peter Youn 
has shown that rubber tree seed, a surplus product in Liberia, 
can be used as a fish food, but efficient methods of harvesting 
and preparing the seeds have not yet been developed. One pond 
owner was using brewery wastes, which seemed to give good 
growth but which are probably too expensive for general use. 
In Ghana we saw ponds where Chinese fish culturists were 
feeding fish coconut meats from which oil had been extracted.

The best opportunities for successful fish farming are in 
areas where ponds can be constructed as part of the agricultural 
land use program. Near the Agricultural Station in Liberia, 
storage of water in ponds permits a second crop of vegetables or 
rice, with irrigation during the dry season. The cost of pond 
construction can thus be justified by the additional farm crop 
as well as the fish crop.

Fishery Personnel

Fishery biologists and administrators in these countries are 
handicapped by the lack of information needed for adequate 
management and improvement of the fisheries. Basic life history 
data are unknown for many common species, and there are few 
keys or handbooks for identifying the aquatic flora and fauna. 
There are practically no scientific journals and few contacts be
tween the biologists for exchange of information.

The demands for Africanization in these new nations have 
often meant the displacement of trained European biologists be
fore their African counterparts could be adequately trained. 
Even at the best there were few fishery biologists in these 
countries. The British colonies each had a fishery officer, perhaps 
with a small staff. |n  Uganda and Nigeria, the British fishery 
officers were retained by the new nations, but each had an Afri
can assistant who was expected to take over the position before 
long. All the fishery staff in Ghana were Africans except for a 
Japanese biologist working on the sardine fishery. Two of the 
Ghanaians were graduates of the University of Washington and 
a third of the University of British Columbia. The fishery staff 
in Khartoum were all Sudanese. The chief fishery inspector was 
a graduate of St. Andrew University, where many of the British 
fishery officers were trained. The chief of inland fishery research 
was Mahmoud Mahdi, a graduate of Iowa State University. 
Peter Youn, another Iowa State graduate, is in charge of the 
inland fisheries program in Liberia.

Programs for training more fishery biologists are getting
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started but need more staff, libraries, and research. In Liberia, 
Peter Youn is teaching one course in the biology department 
at Cuttington College as an introduction to fisheries work. At the 
University of Eastern Nigeria in Nsukka, the Z welling College 
of fisheries was estabished, but the only biologist who taught the 
courses returned to the United States this year and has not been 
replaced. At the time of our visit, the Federal Fishery Office in 
Lagos was preparing a 2-week short course in marine biology and 
fisheries for biology students during their spring vacations from 
various Nigerian colleges. The University of Khartoum has some 
aquatic biology and fisheries but no extensive program.

In Ghana, students graduating from the university in biology 
and wishing to go into fisheries were given an additional year 
of training in the school of business administration before taking 
governmental positions. It was hoped that after a few years of 
work the best biologist would be sent to the United States or 
Europe for graduate study in fisheries.

In Uganda, Maker ere College has trained several biologist 
who have gone into fisheries in recent years. The Assistant 
Fishery Officer^fMr. Soul Semakule, took a Master of Science 
degree from the University of British Columbia after graduation 
from Makerere, and three other biologists are now in the United 
States doing graduate .work in fisheries. The Uganda Fisheries 
Department has recently raised entrance levels for their staff. 
Technicians for the collection of fishery statistics and other field 
work must now have completed Grade 12, whereas in the past 
some had completed only Grade 6. The Fisheries Office has also 
received an appropriation for a training school, where 2-year 
courses in fish biology and management will be given to classes 
of 20 staff members. The present field staff includes about 100 
men who should complete the 2-year course. They also plan 
short-courses for about 30 fishermen at a time.

Dr. Hugh Lamprey, of the East Africa Wildlife School at 
Mewki, Tanzania, pointed out that fishery and wildlife manage
ment are not fields in which Africans are apt to seek an education. 
With their newly acquired education they want to leave the 
village and country life. Before they can be trained as con
servation biologists, they must have an understanding of the 
importance of preservation and management of their natural 
resources. They must be instilled with a sense of mission and 
vocation.

Although real progress is being made in training Africans 
for work in fishery biology, a great deal of help will be needed 
for many years. In our travels we saw prograins assisted by the 
United Nations (FAO, UNESCO and UNICEF), and by techni-
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cal assistance programs of the United States, Russia, China, 
Great Britain, Canada and some other countries.

The future of our civilization depends to a great extent upon 
closing the gap between the “developing” and the “rich” nations. 
U. Thant, Secretary General of the United Nations stated (1965 
p. 31), “No single idea has more profoundly shaped the modem 
economy than the belief that all citizens have the right to share 
in its resources and opportunities/* Improvement of fisheries in 
these African countries is part of the development needed to 
close the gap. We, of the richer countries, must help in the de
velopment and must recognize that progress will not be as rapid 
as the Africans or we would like. Change is coming rapidly 
though compared with the development to our present condition 
in the Western world.
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without coming to harm, because fresh water passes through all the 
time. Their value as a high priced food is their main importance. 
Abundant cold, clear water is required for their culture. Breeding 
of the trout is generally done artificiallyJriy extracting the eggs from 
the female and mixing them with the nfflt of the male.

Other types of fish culture of some economic importance but not 
as food production are the breeding and culture of various kinds 
of ornamental fish for aquariums. This is a flourishing industry in 
many parts of the world.

Types of fish used for fish culture in central east Africa 

ClCHLID FAMILY '

The fish of the greatest value in fish culture in central east 
Africa are all members of the Cichlid family and the most important 
belong to the genus Tilapia.For the following reasons Tilapia are 
highly desirable for use in intensive culture:

a. They are efficient converters of waste foodstuffs.
b. They have a short food chain.
c. -They can be readily adapted to crowded conditions in artificial

culture. ; •
d. They can be easily bred.
e. They are generally free from parasites.

It is important to be able to identify the species of fish used for* 
culture because some of the related species i are not of value.

Each fish has two names, a generic and a specific. The generic 
name, for example, Tilapia, is written with a capital letter, while 
the specific name, e:g., melanopleura^ is written with a small letter. 
Fish of the same species are almost identical and form a group 
which interbreeds freely. Fish of the same genus have certain 
characteristics in common in their anatomy. %

The main genera (plural of genus) used in fish culture are 
Serranochromis, and Haplochromis. y r ^

\\
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One of the best ways of deciding to which of these genera a fish 
of the Cichlid family belongs is to examine the gill rakers, i.e., the 
teethlike projections on the gill arch, which may be seen by lifting 
up the gill cover or cutting it away. , ; j

a. If the gill rakers are thick and partly T-shaped or knoblike, 
the mouth large, set at an angle to the horizontal, spots on 

•. the anal fin, and bodies long in proportion to depth, the genus 
is Serranoc/tromis (Figure 30). .

/;. If the gill rakers are fine, the mouth usually small, and there 
are no spots on the anal fin, the genus is Til(Figure 31). 

c. If the gill rakers are short and stout and there are orange spots 
on the anal fin, the genus is H- ..

• in central east 
die most important 
.•usons Tilapia arc

.Il'S. ;

ditions in artificial

Tilapia .

This is a widespread group. Five species, are of importance 
melanopleura, T. sparrmanii, T. an T. and
macrochir). In various countries in central east Africa there has 

been and is being introduced Tilapia zillii. The are relatively
easily separated into species by counting the gill rakers and by identify- ' 
ing other features:

' of fish used for 
! of value. ,i; 
die. The generic 
¡'dal letter, while 
uii a small letter, 
twl form a group 
1 us have I certain

ilturc are Tilapia,-

a. 8 to 12 rakers on lower part of first gill arch:

r . melanopleura:Usually with a pink or red chest and five
or six dark vertical bars on the body. The tail fin is speckled 
and darker in the upper half than in the lower. Widespread 
from Upper Congo to South Africa (Figure 32).
T. sparrmanii:The color varies but there is never a pink 
chest, the number of dark bars is seven to nine and the tail is 
uniform. Widespread in occurrence.

^ • 1 4  to 20 gill rakers:

T.. mossambica: The snout is often longish and the profile 
is concave. Does not occur in Upper Zambesi, but is widespread 
from Rhodesia southward and in tributaries of the middle and 
lower Zambesi (Figure 33). • .

m
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Figure 30. Gill rakers o f  
Serranochromis robust us, thick,' 
knoblike. Compare with Tilapia 
(Figure 31).

A.
F igure 31. Gill rakers of T. macrochir and T. melandpleura. A. 7*. macrochir head 
with gill cover removed to show 23 gill rakers on lower part of arch. B. T. melano- 
pleura head showing 10 gill rakers on lower part of arch.
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Figure 34. Tilapia macrochiri

4L —4*.

F igure 35. Tilapia andersonii.

c. 20 to 26 gill rakers: . ; ■ . t

T  macrochir: , Sides • of head speckled, body greenish and 
always with a rounded or convex snout. There is often a red 

^im  round the eye. Occurs in Congo, Upper Zambesi, Kafue 
and Okavango river systems (Figure 34).
T, andersonii:Profile of head sloping, silvery in color,‘ Often
has three black spots along the side of the body. Occurring 
in t e Kafue, Upper Zambesi and Okavango river systems, 
generally found only in large rivers or swamps (Figure 35).

it
57
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Serranochromis , . . . ; v
There are four species jvhich occur in the Kafue River in Zambia, 

in the Upper Zambesi and the Okavango, and some of these are
also found in the Congo River system. . 1  ..

The teeth in the upper jaw are used as a guide m separating the
.species (Figure 36).

»> m ■
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,'urc 35).

Figure M i  ¡BUSM IO iHSSS l 355jaw. Top S. angusticeps. Bottom. ò. tnumoergi. ms
jaw. Top S. macrocephala. Bottom: S. rebustus. . - . . *
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a. ■ 2 to 3 rows of widely spaced teeth in the upper jaw.

. S. robusius:Body color green above the lateral line and yellow
to white below. Profile often concave (Figure 37A).
S. macrocephala:Body dark blue to purple above the lateral line.
Profile of head usually straight or slightly concave (Figure 37B),

b. More than three rows of teeth close together in upper jaw.

5. august iceps: Variable body color. Head narrow with eyes placed
close .'together and profile concave. Deeper bodies than most. 
Mouth is able to be pushed out somewhat (protractile) (Figure 
37C). ' » ,
S. thumbergi:Body color light green above lateral line and

‘ whitish below. Broad head with eyes wide apart. Profile convex. 
Body slender. Caudal fin truncate (Figure 37D).

Haplochromis i , •

Fish suitable for fish culture are included in the Haplochromis 
group, as well as fish which rarely grow to a size of more than a 
few inches. Identification of the larger growing species is difficult 
and reference should be made to fisheries departments.

The main features are a short snout, gill rakers usually less than 
12, a large mouth with small teeth in three or four rows and orange 
spotted anal fins, noticeably in the two smaller species.

H. philander: rounded tail fin.
//. darlingi: square-cut tail fin and usually slender body as compar

ed with the former.

There are five other larger species of which three are of interest 
in fish culture and which feed on water snails:

//. mellandi
//. carlottae
Pclmatochromis robusius

The most common small species are:
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I. SOURCES OF INFORMATION

In recent years cichlid fish have been much used for experimental work in 
aquaria on various aspects of breeding behaviour, but as yet there is little 
published information relating differences in behaviour to ecological differences 
between species. The aim of this paper is to collate data from field studies
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on many species of Tilapia in the waters of East and Central Africa, to relate 
the types of breeding behaviour to the ecological background, and to try to 
assess the evolutionary significance of the patterns of breeding behaviour and 
ecological differences which emerge. Behaviour and ecological studies present 
complementary pictures of the interaction between the fish and its environ
ment, and an attempt is made here to piece these together to examine the 
evolutionary effects of their reciprocal and complex interaction.

The data considered in this paper are drawn from my own observations 
made in natural waters in East and Central Africa from 1945 to 1956 on the 
following species of Tilapia :
Lake Nyasa species. T. squamimnnis Günther, T. lidole Trewavas. 1941. 
T, karongae Trewavas. 1941. _ T. T î 9^3 T  shir ana Boulenger. and 
T. melanovleura Dumeril ;j L. Victoria species, T. variabilis Boulenger and 
T. esculenta Graham, 1929 ; T. nilotica Linné from many East African lakes 
together with T. leucosticta Trewavas, 1933, T. galilaea Linné and T. zillii 
Gervais in Western Uganda ; Tanganyika species, T. Jcaromo Poll, 1948 and 
T . tanganicae (Günther) ; the èastward-flowing river system species, T . 
pangani Lowe 1955, T. girigan Lowe, 1955 and T .jipe  Lowe, 1955, together 
with some observations on T. mossambica Peters, T. hunteri Günther and T. 
nigra Günther ; Central African species, T. sparrmani A. Smith, T . macrochir 
Boulenger and T. andersonii Castelneau.

Detailed observations on some aspects of the biology of these species have 
been published elsewhere (Lowe, 1952, 1953, 1955 a, b and c, 1956 a and b, 
1957 and 1958). Identifications were checked at the British Museum Natural 
History with the kind assistance of Dr E. Trewavas.

Tilapia have been studied extensively as they are of great economic 
importance as food fish, and additional information on the biology of various 
species has been culled from the following sources :
Lake Nyasa species, Bertram, Borley & Trewavas, 1942 ; Trewavas, 1941 ; 
Lake Victoria species, Graham 1928 and 1929 ; Fish, 1951 ; Greenwood, 1953 ; 
T. nilotica and associated species, Boulenger, 1908 ; Capart, 1955 ; Daget, 
1954 ; Fish, 1955 ; Liebman, 1933 ; Poll, 1932, 1939 a and b ; Trewavas, 1933 ; 
Worthington, 1929, 1932 ; Worthington & Ricardo, 1936 ; and Annual 
Reports of the Game and Fisheries Department Uganda Protectorate ; 
Tanganyika species, Poll, 1946, 1948, 1956 ;
Belgian Congo species (mainly T. macrochir and T . melanopleura), de Bont, 
1950 ; de Bont, Halain, Huet & Hulot, 1948 ;
T. melanopleura and other species in West Africa, Daget, 1954 ; Svensson, 
1933 ; Irvine, 1947 ; Welman, 1948 ;
T. zillii, Daget, 1952 ; El Zarka, 1956 ;
South African and Rhodesian species (mainly T. mossambica, T. melanopleura 
and T. sparrmani), Barnard, 1949 ; Hey, 1952 ; Jubb, 1952 ; du Plessis, 1946 ; 
du Plessis & Groenewald, 1953; Ricardo, 1939 a ; also reports of the Northern 
Rhodesia Game, Tsetse Control & Fisheries Department ; T. mossambica, 
Vaas & Hofstede, 1952 ;
T. nigra, Brown & van Someren, 1953 ; Annual Reports of the Kenya Game & 
Fisheries Department ;

T. rukwaensis Hilgendorf & Pappenheim, Ricardo, 1939 a and b ; Swynnerton 
(unpublished report).

Among the most intensive studies of Tilapia breeding behaviour in aquaria 
so far published are those carried out in America by Aronson (1945, 1949, 
1951, 1957) on the West African species T. macrocephala (Bleeker) (synonymous 
with T. heudeloti Dumeril, vide Trewavas, 1947 a), and in Europe by Baerends 
and Baerends-van Roon (1950) on T. natalensis M. Weber (synonymous with 
T. mossambica Peters, vide Trewavas, 1937). Seitz (1948) has also made 
intensive studies on 44 T. heudeloti ” and 44 T . natalensis ” but there appears 
to be some doubt about the identification of the species used in his experiments 
(Aronson, 1949), and Trewavas (personal communication) has reason to believe 
that they were both forms of T. mossambica Peters. Many species of Tilapia 
are morphologically very alike, and there has been considerable confusion over 
the naming of material used in experimental work.

T . macrocephala studied by Aronson is a mouth-brooder in which the male 
normally broods the eggs and young in his mouth, hereafter referred to as a 
44 paternal-brooder ”. Of the twenty-five Tilapia species studied personally 
and by the above listed authors T, sparrmani. T. melanopleura and T, pllii- 

*r  rii hstratnm spawners ” in which theleggs and young are 
both parents but not hroorieriin the mouth. In all the other spe^ea except

fe,TTm1A normallyftrnodf* the f tg p ^ n d ^ im g  irL hftr month
(u maternai-l>moders ”). Only one other species. T. auinasana Trewavas, 
1936, from South-west Africa and apparently very closely related to T. 
^arrmani is known from aquar i a substratum-spawner 
7Aronsori7T949^ Roloff, 1938 & 1939). T. macrocephala stands out
as an exception in showing {he paternal-brooding pattern of behaviour, and 
it is unfortunate that generalisations have been made from the behaviour of 
this species which is in many ways different from that of the majority of 
Tilapia. While it is likely that further investigations, particularly in West 
Africa and the Congo, may show other species to be paternal-brooders, enough 
is now known of the Tilapia fauna of East and Central Africa to say that the 
maternal-brooding habit is the general rule among Tilapia species in these 
waters. Aronson (1949) lists three other species, T. dolloi, T. microcephala 
and T. simonis in addition to T. macrocephala and T. heudeloti in which the 
male is credited with caring for the eggs, and the following in which both 
sexes have been reputed by some authors to care for the eggs, T. simonis, 
T. galilaea, T. microcephala, T. nilotica and T. zillii. There is conflicting 
evidence concerning the habits or systematic status of most of these species ; 
more recent work has made it clear that T. zillii is a substratum-spawner 
(Daget, 1952 ; El Zarka, 1956) ; T. simonis is now referred to a different genus 
(Aronson, 1949 footnote p. 134), and T. microcephala, T. heudeloti and T. 
macrocephala now appear to be synonymous (Boulenger, 1915, Trewavas 1947a). 
As nothing is on record concerning the ecology of T. dolloi Boulenger,* a Congo 
species studied by Asch, 1939 (referred to by Aronson, 1949), the behaviour of 
T. macrocephala (T. heudeloti) is here taken as the typeTbehaviour for paternal- 
brooders.

* Also ~  T. heudeloti according to Trewavas, personal communication.
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Tilapia species also fall into the same three groups on certain basic ana
tomical characters such as gill raker number. The substratum-spawners all 
have less than twelve gill rakers on the lower part of the anterior gill arch, 
whereas the maternal-brooders have more than fifteen (generally more than 
seventeen) and up to twenty-eight gill rakers on the lower part of the anterior 
arch, the number varying in different species. T. macrocephala (T. heudeloti) 
has an intermediate number, fifteen to nineteen, and T . dolloi twelve to fifteen, 
as do certain other West African and Congo species (Trewavas personal com
munication) among which other paternal-brooders may be found when more 
is known of their breeding habits.

II. SUMMARY OF DATA

A. Breeding behaviour differences between the three groups of Tilapia 
A comparison of breeding habits of substratum-spawners with those of 

maternal-brooders in natural waters has shown the following differences in 
breeding behaviour associated with the two types of h a b it:

Substratum-spawners 
both sexes develop breeding colours 
and defend spawning territory 
spawning pairs are generally solitary

both sexes make nest
long courtship preceeds spawning

male and female remain together 
while guarding young

monogamy possible for several 
broods, sexes remaining together and 
preparing to spawn again as soon as 
young become independent 
male and female take turns in 
guarding and feeding

parents guard young near to where 
eggs were laid

eggs and young remain on substra
tum for some time so oxygenated 
bottom water is necessary

Maternal-brooders
male only develops breeding colours 
and defends spawning territory
male spawning territories are in 
colonies on definite spawning grounds
male only makes nest 
very little courtship preceeds spawn
ing, which is very rapid
female carrying eggs moves away 
from spawning grounds, so sexes 
segregate immediately after spawn
ing
polygamy usual, male fertilising eggs 
from a succession of females which 
spawn in his nest

female only broods and does not feed 
while doing so ; male feeds little 
while actively guarding nest
brooding female seeks shelter of 
plant beds and may make long 
movements between spawning and 
brooding grounds
eggs are only momentarily on the 
bottom, so poorly oxygenated bot
tom water may not limit spawning
area

Aronson’s studies on T . macrocephala suggest that the behaviour of the 
paternal-brooders is in many ways intermediate between that of the substratum- 
spawners and the maternal-brooders. In  paternal-brooders there is little 
qualitative difference between the colour and behaviour of the sexes, both 
sexes help to make the nest (though this is primarily made by the female) and 
both sexes may brood (though this is generally carried out by the male). In  
T. macrocephala there is a courtship lasting several hours, or more often days, 
before spawning occurs, and Aronson (1949) points out that this is necessary 
to ensure exact synchronization of milt production with egg laying as 
eggs water-harden very rapidly after they are laid. In maternal-brooders the 
male is able to fertilize continuously over a long period (several weeks or 
months), as the milt production cycle is not interrupted by guarding or brooding 
duties ; maternal-brooders spawn very rapidly with hardly any preliminary 
courtship (Lowe, 1956 a), this, and the fact that the eggs are picked up 
immediately by the female, may be a considerable advantage in the deoxy- 
genated water on the bottom of water lily swamps where Tilapia often spawn. 
In T macrocephala the male normally picks up the eggs, but should he fail 
to do so, or to pick up all of'the eggs, the female may do so after a time lag 
of ten to twenty minutes ; so both sexes may brood. Paternal-brooders 
do not seem to have become so thoroughly adapted for mouth-brooding as have 
the maternal-brooders. For example, once the young are ejected by the male 
T macrocephala they are never collected up again, and should they not find 
cover among the plants they are likely to be eaten by the p a ren t; the brooding 
fish eats little or nothing while incubating and is cannabilistic after the young 
are released, a t least in aquaria (Aronson, 1949). In  the maternal-brooders 
the young are collected up and brooded again when danger threatens and a t 
night for a considerable period (about a week in many species) after they are 
first released from the parent’s mouth. Again, in Tilapia the number of 
eggs laid at a time increases with the size of the female (Lowe, 1955 c) and m 
maternal-brooders the larger females which lay more eggs also have larger 
mouths in which to brood, whereas among paternal-brooders there is no such 
relationship between the size of the brooding mouth and the number of eggs 
produced Aronson (1949) records that a small male spawning with a large 
female was not able to pick up all the eggs laid. This was, however, in an 
aquarium, nothing is yet on record about the relative sizes of the two sexes 
of T  macrocephala in natural waters and it is possible that the male generally 
spawns with a smaller female, as in the group of men
tioned on page 15. In T. macrocephala by the time the young are released the 
female is often prepared to spawn again ; in aquaria the interval between 
successive broods varies from eight days to a year with a mode at fifteen days 
(Aronson, 1945), and the presence of the male influences the spawning fre
quency of'the female. In nature the male and female of paternal-brooders 
may not be so closely associated as they are in substratum-spawners in which 
both parents stay with the young.



B. Ecological data
The following differences in general ecology were noted between the three 

gs of Tilapia :____  __
Maternal-brooders

Mostly algal-feeders, using phyto
plankton, epiphytic or bottom algae 
according to availabilitybility ^

found in open lakes some distance 
from shore as well as in shallow 
waters of swamps and rivers 
considerable movements occur be
tween feeding and breeding grounds ; 
young are left in shelter of weeds 
and later move to open water

Substratum-spawners 
Feeding habits : T. sparrmani: un- 

speciabsed and omnivorous, using 
mainly bottom food 
T. melanopleura ^specialised for 
T. zillii -I chewing aquatic

(.plants
Habitat: restricted to shallow water 

where plants can grow

Movements : restricted to plant areas 
for food and shelter so little move
ment about lake ; young live in 
shelter of plants near original
territory _______________

. eryTIffte-is--yei-e»-recOfd concerning "the ecology of T. macrocephala 
but like the substratum-spawners this species appears to be restricted to 
shallow water areas where there are vascular plants which provide cover for 
the young and possibly food ; there are no very large lakes in West Africa 
and this species is said to inhabit brackish lagoons along the coast and the 
swampy deltas of the rivers (Aronson, 1949). Irvine (1947) says that the 
probable diet of this species is fine vegetable matter.

Thus all known Tilapia are primarily vegetable feeders,- feeding on algae 
or aquatic plants, though occasionally zooplankters and insect larvae picked 
up with bottom debris are eaten. In L. Kivu T . nilotica feed on a large 
planktonic Spirillum for much of the year (Capart quoted by Fish, 1955), 
and in the Malagarasi swamps Protozoa in the thick bottom deposits may be 
an important source of food for T. Jcaromo and T. nilotica. The substratum
spawning T. melanovleura and T. zillii appear *V.QnIv TiUiyia_sm^£S,
in TT.ast, and (fentrail Africa which have become specialised-foi^feeding-On 
aquatic vascular plants.-  This uniformly vegetable diet in the genus Tilapia 
is in marked contrast with the very varied diet in the associated cichlid genus 
Haplochromis in which an extensive adaptive radiation has occurred and 
vegetarian, insectivorous, mollusc-eating, zooplankton-feeding and predatory 
species have evolved ; the significance of this difference between the two 
genera is discussed below.

Fish (1951 and 1955) drew attention to the fact that of the algae eaten by 
Tilapia the blue-green and green algae generally pass right through the fish 
undigested, and diatoms form the main usable food. Greenwood (1953) showed 
the roles of the mucus produced in the buccal cavity and the pharyngeal teeth 
in the feeding mechanism, and Gosse (1956) has shown that microgillrakers 
present on the inside of the gill arches also have an important role in the 
feeding mechanism of Tilapia.

vyher^everanij:.— ----- ------ *-
together and then generally contain the same food. Jh is  appears to 
contradiction of Gause’s principle thftt-.tWQ species with the same ecology 

"fpnnot persist in the same region. Possibly phytoplanktqn_ia-exceptionjA 
to smfflort closely related species* (faetorsj>ther. than food supply 

S i t i n g  a™ n u m b e r s  of the fishlTTmt these difijrent species^nerally_predq- 
S i f i n  slightly different, though widely overlapping  zones, and thfig. 

-ggSrate tobreedjsfie below page 19). ThJFTnT. NyasaJJm-five speciesj pund
e lake inhabit  increasingly offshorej>Bgnwater zones» 

from the substratum-spawmogJL  melanopkumiSth ish  13 restricted tojagogns,
inshore aaftff

a n r a o e r h d F m j k i ^ ^  th re e m e m b e a g ^
r ,mnlflT1 T  xahn. T. squamiyinnis and T . lidole, which, occupy increasingly 
7vpor»wflt,or zones and make increasingly long movement^ j bout^_theJake„ 
'(LoweT 1953). These latterThree are often caught together and a t these 
times contain phytoplankton, but when phytoplankton is scarce T. lidole 
make long movements to other areas, whereas the other two species may 
take to bottom feeding. The equilibrium between the relative_ numbers_of 
these different species appears to depend on the fluctuatingJaka-levPils (Lowe, 
r553)T SimHaHyTir L. Victoria ¥ . esndentaand variabilis are caught
together throughout the year in certain parts of the lake, and then contain 
phytoplankton ; but T. esculenta predominates in areas where the water is 
opaque and there are soft flocculent bottom deposits of algae, and 
predominates where the water is clearer and the bottom harder, off sandy and 
rocky shores, in rivers and in swamps around the lake (Lowe, 1956 b).

In L. Albert where four species of Tilapia, none of them endemic, are 
present there appears to be more variation in the food used by the different 
species. The substratum-spawning T. zillii feeds on aquatic plants around 
the margins of the lake ; T. leucosticta is found mainly in lagoons where it 
feeds on algae in bottom deposits ; Tnilotica, the largest-growing species, 
is the most ubiquitous and is found in lagoons in the estuaries of inflowing 
rivers and around the edges of the main lake, and it varies its food with the 
habitat, faking bottom deposits from the lagoons, epiphytic diatoms m the 
estuaries and epiphytic diatoms and plankton in the lake ; T. gahlaea is 
found in the main lake off sandy shores and appears to be primarily a phyto-
plankton-feeder. # . , _  t .

In the more uniform waters of L. George T. nilotica and leucosticUi 
are the only Tilapia species, they are often caught together and then contain 
the same algal food (Fish, 1955) over most of the lake at any time of year. 
In this lake there is some indication that the numbers of T. leucosticta have 
increased since the selective fishery for the larger, and seemingly dominant, 
T. nilotica has been in operation (Lowe, 1958).

With the exception of the vascular plant-feeders which generally feed on 
algae when very small (de Bont, Deceuinck & Detaille, 1950 and personal

* Cf. observations by Fryer (1957, J. Anim. Ecol. 26, 263) on the food of freshwater copepods; 
herbivorous species do not appear to obey the ‘ Gausian hypothesis ’ which may be associated 
with superabundance of algal food.



observations), there appears to be little change in food eaten as the Tilapia 
grow, the small Tilapia feeding on small particles, algae and some small 
zooplankters, in the water where they are living. However, Le Roux (1956) 
found that in ponds in South Africa T . mossambica, T. melanopleura, T. 
sparrmani and T. andersonii less than 5 cm. total length all preferred zoo
plankton, from 5-8 cm. long they ate almost all available food, and above 
8 cm. long took mainly the same food as the adult stages, T . mossambica and 
T. andersonii mainly phytoplankton, T. melanopleura plant material, and 
T, sparrmani was omnivorous with particular preference for bottom food ; 
(all these fish were evidently dwarfed by pond conditions). Algao ocnnr in all 
theidifferentzones occupied bv Tilapia during the course of their life histories, 
and although some species are more specialised to take algae in one particular 
form (for example the phytoplankton-feeders have large mouths and very fine 
pharyngeal teeth) the morphological differences between species are very slight, 
and on the whole Tilayia are adaptable and will use whatever algae are most 
readily available, whether in bottom deposit, epiphytic or phytoplankton form.

The substratum-spawners are tied to plant zones as they both feed and 
breed among plants and show little movement from place to place. Among 
the maternal-brooders the more openwater-living species make the longest 
movements about the lake; this is particularly clear in L. Nyasa (Lowe. 1952). 
In L. Victoria marking experiments have shown that both T. esculenta and 
T. variabilis make long, often surprisingly rapid, movements ; fish of both 
species marked in the Kavirondo Gulf have been caught up to 150 miles away 
in Tanganyika waters of the lake, and other marked fish have shown move
ments of up to four miles {T. esculenta) and ten miles (T. variabilis) respectively 
in one day (Lowe, 1956 b). The reasons for these very rapid and long move
ments, and how often they occur, are not known. In  all the maternal-brooding * 
Tilapia in the Great Lakes regular movements are generally made (a) from 
feeding to spawning grounds, (b) by brooding females from spawning to 
brooding grounds, and (c) from zone to zone as the fish grow.

The most marked movements between spawning and brooding grounds 
occur in L. Nyasa, the greatest extreme being shown by T. lidole in which 
brooding females carrying eggs may move several miles from spawning to 
brooding areas, taking the young into relatively sheltered water along the 
shore (Lowe, 1952) ; these Nyasa species appear to have one, or a t most two, 
batches of young in a restricted annual breeding season. In Victoria, on the 
other hand, females have several batches of young in succession (this seems 
to be the more usual course among Tilapia) ; brooding females are found with 
gonads starting to ripen again and such females probably do not move far 
from the spawning ground. The configuration of L. Victoria is such that 
there is generally a suitable shoreline nearby to which to take the young, so 
the distinction between spawning and brooding grounds is not as clear as in 
Nyasa and movements from one to the other are not so well-defined.

In both Nyasa and Victoria and in many other lakes the young Tilapia 
are left in the plant zone around the margin of the lake by the female ; they 
move out as they grow and are found in shoals along sandy shores when about 
7-12 cm. in total length, and at 12-15 cm. are found in surface waters at some
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distance from the shore. As they approach maturity (20-27 cm. long depend
ing on the species) they frequent the bottom rather than the surface waters.
This same pattern is followed by different species of maternal-brooding Tilapia 
in many of the Great Lakes. However, in Lake Albert (and possibly also in 
Lake Rudolf and Lake Tanganyika) 12-18 cm. long Tilapia are found inshore 
and some Tilapia remain inshore and in lagoons round the lake for all or most 
of their lives ; this appears to be associated with the presence of the predators 
Lates and Hydrocyon in these lakes (see below, page 16). In Lake Victoria 
12—18 cm. long T. esculenta visit certain beaches at definite times each year 
(Lowe, 1956 b), these fish are still immature and the reason for this seasonal 
inshore visit of immature fish is not yet known.

Thus in the Great Lakes the maternal-brooding Tilapia inhabit many 
different zones, moving as they grow from swampy inshore areas, to waters 
off sandy shores, to open surface waters and then bottom waters some distance 
from the shore ; once mature they move from opaque waters where they feed 
to clearer water where they spawn, and to the shelter of plant beds to brood 
young ; there the fry are left by the female. Thus these Tilapia are not 
confined to distinct ecological zones. This and the long movements about the 
lake recently discovered by marking mean that there is little ecological or 
geographical isolation within a lake. The evolutionary effects of this lack 
of ecological and geographical isolation are considered below.

III. DISCUSSION

A. The evolutionary significance of breeding behaviour and ecological differences 
between the three groups of Tilapia

t+. ja <-mly am™« t.he ma,t,prnQl-V»r«nrW<i tha.fc. extensive gpeciafann has 
np.p.nrred : all the en<)pmip__spppipa_of T ilapia in t he Groat Lakes-are .maferpah 
"brooders. This is in spite of the fact that the substratum-spawners are 
~probabIy nearer to the basal stock from which the Tilapia have evolved, hence 
more ancient, as both the morphological characters, such as the low gill raker 
number, and the wide distribution of the few species suggest; also, many 
of the South American cichlids are substratum-spawners. Tn T . spairmmi

at.nip.tinr H g*"rnly- grna11 niVp anrl nnspecialised omnivorous botfcpni- JJL&  
ftWlinp; habits, suggest that  of the present day living Tilapia this speciesja 

¿» the .bnsnl stock from which the Tilapia evofmL The 
wide distribution of T. melanoyleum ^ o d T  right, across Africa frpmjh a .
Gambia to the Nile, and south as far as Southern R hodesia in the case nf 
7'. m ela n o p leu ra . also suggests.that these arerdatively old species. J Bqkdespite  ̂
tftp apparent ifT "r th~™ ?nbstratum-spawners they do not appear to have 
speciated at all in East and Central Africa.

Paternal-brooders are, as far as is known, restricted to West Africa and the 
Congo and have evidentlvnot undergone Jimch speciation. Their behaviour 
is in some respects intermediate between that of the substratum-spawners and 
the maternal brooders, as mentioned above, also their gill raker number is 
intermediate. Two possibilities are presented concerning the relationship—  
between the paternal- and maternal-brooders, either (11 the maternal-brooders



proodmg species in or near" jQQgQi-
and the paternal-brooders could not compete with the more specialised and 
efficient maternal-brooders in coloiilShig new "areas, or (2) tEFnaternal-brooding 
and maternal-brooding habits have arisen independently from the substratum- 
spawning habit ; if so^thev may be of comparable antiquity, or the paternal- 
b r ooding habit m ay  have arisen more recently which might account for its 
more limited distribution. Data are as yet insufficient to decide which surmise 
is correct ; the intermediate gill raker number of the paternal-brooders would 
appear to be in favour of the first alternative, but on the whole the differences 
in behaviour suggest the independent origin of the two groups from substratum- 
spawners. Substratum-spawners pick up the eggs and young in the mouth 
when moving them from place to place. Breder (1933) and Myers (1939) 
when discussing the evolution of oral incubation in fish point out that the 
habit has arisen many times independently, and in the family Cichlidae this 
would certainly seem to have occurred.

1. Characters associated with the extensive spéciation of maternal-brooders

(a) Preadaptation for life in openwater
Maternal-brooders both by their ability to use planktonic algae and by 

their habit of brooding young are independent of the shoreline for much of their 
life and so are preadapted to exploit more openwater conditions. In Africa 
the formation of large lakes and alternation of arid and pluvial periods has 
presented unpopulated openwaters to the fish which could take advantage of 
them, as Worthington (1937) and Trewavas (1949) have pointed out, and the 
maternal-brooders were pre-eminently suited to do this. All the endemic 
Tilapia of the large lakes are maternal-brooders, as are also the other species 
such as T. nilotica and T . galilaea living offshore in the Great Lakes, as well 
as all the other cichlids in the Great Lakes whose breeding habits are known.

The ability to cross openwater combined with the necessity of moving 
inshore in a deep lake to find bottom suitable for spawning might, provided 
the openwater wasmotjcross^very often^and in ih e  eariydays of adaptation 
to openwater crossings would probably have occurred leas frequently-^Jleld  ̂
to the establishment of discontinuous populations, Also, the female does not 

while brooding and might then cross more openwater, poor in phyto
plankton, than that visited by the fish at other times. Thus the femfl.Wa 
wandering movements from spawning to brooding grounds might lead her into 
new arms or bays where she would leave her young and the area would be 
colonised by young of one stock, partially isolated from other populations. 
The etiectiveness ~ôf this isolation would depend on how frequently fish crossed 
to the new area and whether the fish within it remainedthere toTreed. Close 
inbreeding would lead to the more rapid establishment of any mutations 
throughout the population. Such movements may have been important in the 
evolution jof endemic Tilnpin. species within Lake N yasj^as is discussed below 
(page 25). Recent introductions of Tilapia into new areas in many parts of 
the world have shown how very rapidly whole new areas become populated 
from very few fry, provided not too many predators are present.

(b) Polygamy
The maternal-brooders are polygamous whereas among the substratum- 

spawners monogamy, at least for several broods, may be the general rule. 
The male of the maternal-brooders fertilises as many females as he can lead 
to his nest, and as many males congregate on the spawning grounds a parti
cularly successful male may spawn more often than other males in the vicinity. 
Kosswig (1947) suggested that “ monogamy ” may have been important in the 
rapid speciation of cichlids in the African lakes, but it is the polygamous 
species, and not the monogamous ones, which have speciated ; Kosswig 
assumed that the cichlids of the Great Lakes had the “ father-and-mother ” 
type of parental care, i.e. were not mouth-brooders, whereas it is now known 
that the endemic cichlids of the Great Lakes are all, as far as is known, maternal- 
brooders. The ability of a particularly successful male to fertilise eggs from 
more females than do other males may have had important effects in spreading 
characters in a population. The presence oLmianv males together on J he 
spawning grounds present« ideal en.nd.itions for sexual selection, to operate,

fh1g wmfid appear to h.we routribiitaci..tQ^he^develQi)ment of the.̂ vBrŷ
striking breeding  colours shown by- the males—of-Ihe maternal-brooders. „„ A 

lemStie nonm dl^^  of eggsjill in one nest ; whether she ever
"moves on to another nest if interrupted while spawning, andjbherucears-a, 
brood fertilised by more than one male, needs further investigation.

2. Characters of substratum-spawners which may have inhibited speciation
The Cichlidae appear to be a relatively young family of fish—in East Africa 

the earliest fossils are probably those of Miocene age studied by Greenwood 
(1951 b)—and still in a very plastic state, speciating freely whenever conditions 
are suitable. I t  is therefore perhaps important to consider what characters 
may have inhibited speciation in the/substratum  spawners. These would- 
seem to inohide the fact that they are limited to shallow waters hy.ffond_and 
spawning requirements ; they have-little i ncentive t o .more long distances, as 

Teeffing and Jb re e ^ g  grounds are closejLom ther. so that extensions of range 
will take place along shore lines and through swamp^ (which will account  for 
their wide distribution). Under such conditions the new breeding populations^

the parent population. Although it has been argued _ 
"that distance and th^presence^oOntervening populations along a shore line, 
would promote isolation andspeciation if the fishiM
remains thar those itapia which are restricted to inshore areas- both the 
aiiT v g f i m-«pawners and the matern^al-brooding T ilapia in lakesjvvherejhese, 

Irft restricted to inshore waters bv^redatoraXseaj)age Ifil—have not speciated. 
Local differences between populations do arise among substratum-spawners, 
but do not attain specific rank significance, perhaps because in the shallow 
waters in which these species live environmental changes, such as fluctuations 
in water level, are likely to be more rapid than in deeper bodies of water, and
are unlikely to allow time fon the development of new species. The substratum- 
spawners Pfp likely to be monogamous at least for several broods : the^ffent.ofl 
this i «difficult to see, as discusse_d above Kosswig! 1947 
promote speciation, but it is just th^ monogamonaspecies



In the substratum-spawners both the type of food eaten and the absence 
of brooding habit bear a close relationship to the low number of gill rakers. 
The few widely spaced gill rakers, together with the course pharyngeal teeth 
which allow the consumption of relatively large food particles, have led away 
from the plankton-feeding habit in these species. Substratum-spawners lay 
smaller eggs than do maternal-brooders (Lowe, 1955 e). Although the eggs 
and young, which are also very small, are on occasion moved from place to 
place in the parent’s mouth, trials have shown that the small eggs pass quite 
easily through the widely-spaced gill rakers. This combination of few gill 
rakers and small eggs makes mouth brooding impossible and the loss of eggs 
and young through the gill rakers would presumably militate against the 
evolution of the brooding habit in these species. Although the evolution of 
lakes is, in general, towards less openwater conditions as the lake matures, 
these African Great Lakes have offered greater opportunities to fish which 
could exploit more openwater conditions. In the substratum-spawners the 
interrelationships of gill raker density, food and spawning habits have evidently 
prevented these species from taking advantage of these more openwater 
conditions. *

3. The significance of breeding colours and associated characters
Experimental work by Baerends & Baerends-van Boon (1950) on T. 

mossambica in aquaria suggested that the colour of the breeding male is very 
important for successful spawning in these maternal-brooding Tilapia, and 
it was of great interest to find that the morpholo^ically almost identical 
Til/inia in Lake Nvasa. T. saka a n d l /1. sq u a m ip in u isT d ^e lo rn d d ^  
ml on red breeding males (pitch black sometimes, with white edges J:o jthe 
dorsal and feudal fin« in T  -Jtajrn arid light blue with ^ w h ite  h ead Jn Jr , 
squamimnnis (Lowe, 1953)). This suggested that the male breeding colour 
was important for species recognition by the female and perhaps an importaiit  
part of the isolating mechanism between closely related sympatric species. 
Since then much more has become known about breeding colours in other 
Tilapia species. These data suggest that there are certain trends in breeding 
colours which may in some cases be a guide to systematic relationships, and 
that the possession of such different breeding colours in two such closely 
related species as T. saka and T. squamipinnis is quite exceptional. Before 
discussing these breeding colour trends it is necessary to consider the possible 
functions of the breeding colours and whether these functions are the same in all 
three groups of Tilapia.

Breeding colours and their functions in the three groups of Tilapia. .The 
pat ernal-brooder T  ■m-acrncpphahi does not develop any special breeding 

jy lours in the ripening fish : in mosLnopulations there is, bqwever , a second a ry  
sexual difference in the presence or absence of pigment in the operculum of the. 
tincastrated fish (Aronson, 1951). In - s p a ^ ^ s  the ripening.
fish of both sexes develop similar breeding colours and ranrd territo ry ; JthfiiS. 
colours vary very much with the activity .of the fish (and they generally fade on 
death), they w W dhey  are driving: away other fishjndicg t-
jng that they have a fanction^nf-territniy  advertisement, and they also assist

court^bjlL  fo the synchronisation of the male and female cycles^ J ll-thq .
¿Ŝ ^ L h ronrWs only the ripening male develops,.breeding_colour3_aad

„nH pnarfo a territory, and these colours are lost a g a ^ y jh g . 
spent fish! The female retains the drab colours of the non-breeding fish 
.■ fe r^T presum ab ly  of protective value (in association with her habit of 
swimming inconspicuously with her dorsal fin down) when hiding among 
weeds brooding young, though in some species, such as leucosticta, the 
branchio-stegal membrane may become deeper in colour and the pelvic fins
darker

The male breeding colours of the maternal brooders serve for advertisement 
of spawning grounds, an effect which is enhanced by the habit of many males 
congregating together in certain places to spawn. This advertisement effect,, 
is most marked among the species endemic toJLake Nyasa where the_breeq.ing 
coocnr, ,■« : in this lake the.malsa-gQM£egate on well-cleftned spawning
grounds aruThave very definite breeding colours(black in several species}. 

lgKnm~5TTnw little variation In intensity throughout  the short breeding season 
T^Td are retained in the d ead Jh & T ln  Labe Victoria where some ripe Tilapia 
areTbuniraFall times ofyear breeding places are not so well-defined and male 
breeding colours are not so intense 1 in aquaria the colours of the yictona 
Tilapia show great variations in intensity with the activity of the fish (and
half-fade on the death of the fish). „

.Advertisement of spawning grounds is particularly necessary in Nyasa— 
a.Q fa addition to the restricted breeding season, the spawnin&.grqunds may 
be some way~from the feeding grounds inhabited by the fish at times qf_gg&r. 
n,t0n pot breeding." This is because each fTOfidfifi tends to spawn
fa t h r o a t ,  olear'w ater zone of its Jange, where the Efflndy bottom provLdes_a , 

nest making^and to feed in j he.mpst eutrophic par to f i to 
range as this carries the best phytoplanktonJLowe, 1953). In  Lake Victoria 
tEere“are not such sharp distinctions between feeding and breeding areas, 
possibly because the water inhabited by the in this relatively shallow
lake is more uniform than in Nyasa. -

In the maternal-brooders male breeding colours may also have an important 
role in species recognition and in stimulating the female to lay. In  these 
species the pre-spawning courtship is very short, the ripe females wander from 
nest to nest then suddenly spawn in one nest, sometimes without any preli
minary courtship. (In T. variabilis which has two colour forms the atypical 
piebald-and-orange form is almost limited to the females (occurring m oyer 
30 per cent of females but in less than 5 per cent of the males) and no npe 
males of the atypical colour form were ever found (Lowe, 1956 b).

I t  should be mentioned in passing that in the maternal-brooders nest forms 
as well as breeding colours and associated behaviour may also be important 
for species recognition and release of egg laying, as the nests often have a 
characteristic form in different species, although the form may vary somewhat 
with the substratum. In T. karomo the nest is a small plaque on a high 
mound (Lowe 1956 a), in T.macrochir the nest has radiating grooves leading 
out from a central crater (figured by de Bont, 1950), and the nests of Pangam 
species and T.variabilis have small pits around the central crater (Lowe, 1955 ;



1956 b). (In the substratum-spawners an area of rock or stick is cleared for 
the adhesion of the eggs, and holes are prepared into which the minute young, 
which have adhesive head glands are transferred).

Thus in both substratum-spawners and maternal-brooders the breeding 
dress, assumed by both sexes in the former and by the male only in the latter, 
advertises the spawning territory, and among the maternal-brooders the 
congregation of many males on the spawning grounds enhances this effect. 
In substratum-spawners breeding colours may also aid courtship in synchronis
ing milt production with egg deposition (though this synchronisation is achieved 
without breeding colours by the paternal-brooders), whereas in the maternal- 
brooders milt is produced over a long period, courtship is extremely short and 
male breeding colours, possibly in conjunction with nest form, may be impor
tant for the recognition of the species by the female and in stimulating the 
female to lay.

Breeding colour trends. In certain maternal-brooding Tilapia it seems 
that breeding colours may indicate systematic relationships. In Nyasa, 
despite the apparent and probable importance of the different male breeding 
colours for species recognition in T.saka  and T. squamipinnis mentioned above, 
most of the Tilapia species have black breeding males. T. lidole and T . 
karongae, like T . salca, have black breeding males, sometimes with white tips 
to the dorsal and caudal fins, and these species seem to depend on other 
morphological differences and differences in spawning place to keep separate. 
Thus black seems to be the basic colour pattern for breeding male Tilapia 
in Nyasa and in this the Tilapia are distinguished from other cichlid genera 
in the lake (including Goremaiodus shiranus Boulenger which mimics and lives 
with the shoals of Tilapia and appears to feed by rasping scales from their 
tails (Trewavas, 1947 c) but which develops a blue and old gold breeding dress). 
In the Pangani river system the males of the two species endemic to Lake Jipe 
and T. pangani from the river, all closely related species, have very similar 
male breeding colours (Lowe, 1955 a). T. esculenta which replaces T. nilotica 
in the Nile system above the Murchison Falls, and T. nilotica both have a 
black and red male breeding dress, unlike that of any other known Tilapia, 
which is almost identical in the two species (Lowe 1958) and supports the 
view that these geographical replacement species are closely related, as well 
as ecological counterparts in their respective waters. '

There is, however, a common form of male breeding dress, with a greenish- 
blue body and strongly contrasting bright orange edges to dorsal and caudal 
fins and sometimes with an orange or white genital papilla or tassel, which is 
found in many species of Tilapia in widely separated parts of East and Central 
Africa, and it is not yet clear whether bearers of this dress form one group of 
closely related species or whether this breeding dress has arisen independently 
several times. The breeding colours of T . variabilis in Lake Victoria, T. 
Jcaromo in the Malagarasi, the Lake Jipe and Pangani river species, and T. 
andersonii in Southern Rhodesia all approximate to this pattern. This is a 
highly functional colour pattern, the orange edges to the fins when the fins are 
extended making the male look larger and more conspicuous when guarding

his spawning territory (Lowe, 1956 a)—a function which the white edges on 
the fins of the Nyasa species may alsp serve—whereas the blue-green body 
colour renders the fish relatively inconspicuous as he flees from his territory 
with fins down if suddenly disturbed (Lowe, 1956 a). • .

Increasing the apparent size may be important as Baerends & Baerends-van 
Roon (1950) found that in T. mossambica in aquaria the size of the male was 
important in allowing him to stake and keep a spawning territory. In nature 
space is not so limited, but in some places the nature of the bottom and deoxy
genation of the bottom water may limit the area of suitable spawning ground 
(Lowe, 1956 a). In Tilapia of the T. group, T. mossambica, 
T nigra and some Pangani river species, the males are nearly always bigger 
than the associated females ; these are species which have evolved^ in rivers, 
where suitable bottom for spawning may be limited and the size of the male 
at a premium for successful spawning. Experimental work in ponds has 
shown that the males of these species actually grow faster than the females 
(Vaas & Hofstede, 1952, Brown & van Someren, 1953 ; Lowe, 1955 a), and m 
these species the mature male develops a characteristic enlarged mouth and 
concave upper profile, so the growth characteristics and the appearance of the 
adult fish are considerably different in the two sexes. In  the Tilapia species 
endemic to the Great Lakes the males and females grow to, and mature at, 
comparable sizes and retain the same general head shape, and pond experiments 
have shown that they grow at the same rate. Though the full significance 
of this differential growth rate in the two sexes is not yet clear, this character 
seems to be genetically determined and of significance for the study of the 
systematic relationships between different groups of Tilapia.

4. Environmental influences on speciation 
Thorpe (1945) in a paper considering the evolutionary significance of habitat 

selection has stressed the importance of imprinting in the young of birds and 
insects in determining where they will return to breed. In  the maternal- 
brooding Tilapia the female carries the eggs away from spawning, to brooding 
grounds and the first impression of the young fish will be of quite a different 
ecological zone than that to which they wfil later go to spawn ; also the young 
will not see the breeding male. Hence it seems that under natural conditions 
knowledge of the nature of the spawning grounds, and of the colour of the 
breeding male, cannot be due to imprinting in these species, though m the 
substratum-spawners, in which the young follow both parents m the same 
environment in which they will later spawn, the learning mechanism may be
different. . | , , . ,

The environmental factors most concerned in speciation are those which
present barriers, physical or temporal, between breeding populations, whether 
in different waters or within one body of water. The differences between 
Lakes Nyasa and Victoria discussed in a later section (page 21) illustrate 
some of the barriers which may operate within one body of water and these 
are therefore considered in this later section. A Tilapia changes its environ
mental niche many times as it grows and different factors may operate at the 
various stages of its life-history. In addition to environmental and behaviour



barriera which may allow an incipient species to become a new species, biotic 
factors, such as predation pressure have been thought to influence speciation 
by affecting the numbers of the incipient species which survive.

Worthington (1937, 1940, 1954) maintained that predator pressure was an 
important factor in controlling speciation, since incompletely adjusted forms 
would be selected against when predator pressure was high. Worthington 
was greatly impressed by, and recent work has confirmed, the striking dif
ferences between the faunas of Lakes Albert and Rudolf, which have the 
predatory Lates and Hydrocyon and hardly any endemic cichlids, and those of 
Lakes Victoria, Edward-George and Nyasa, which are without these predators 
and have numerous endemic cichlids. Lake Tanganyika presents rather a 
special case since it has these predators and a higher proportion of endemic 
ciehlid genera than any other lake ; the probably greater age of this very deep 
lake has been invoked to explain this (Worthington, 1940 ; Trewavas, 1949). 
Worthington (1932) used as evidence of differential predator pressure his 
observation that fish with abnormalities were not found in lakes with these 
predators, Albert and Rudolf, whereas they are quite commonly found in 
the other lakes, Victoria and Edward-George, an observation confirmed by 
more recent study 1 from this Worthington inferred that such abnormal fish 
could not survive in lakes where the predator pressure was high.

Fryer & Isles (1955) suggested that the restrictive effect of predators on 
evolution has not been so important as Worthington believed as Nyasa, 
though lacking Lates and Hydrocyon, has a large number of predatory cichlids 
and several predatory non-cichlids (species of Ciarías, Barilius and
Barbus). Predatory Bagrus and Ciarías are also found in other lakes without 
Lates, such as Victoria and Edward-George, in which extensive speciation has 
occurred. Most of the predatory cichlids in Nyasa are, however, small, and, 
Bagrus and Ciarías appear to be “ lurking ’’ rather than “ swift ” predators 
compared with Hydrocyon. Much remains to be learnt of the relationships 
between the various predators and prey in all these lakes before it is possible 
to draw conclusions regarding the role of predators in speciation.

Recent work has, however, stressed that in Lakes Albert and Rudolf the 
fish of many genera are much larger than their counterparts in the other lakes 
and the Tilapia tend to have longer stronger spines (personal observations). 
Also, the distribution of the Tilapia is different, the Tilapia being restricted 
to the edges of the lake throughout all or most of their lives in the lakes 
with Lates and Hydrocyon and having openwater-living phases in the other 
lakes ; this also applies to Lake Tanganyika where T. tanganicae is the only 
really lacustrine species but even this species is restricted to the littoral 
zone, to water less than 10 metres deep along sandy shores (Poll, 1956). Thus 
the particular predators Lates and Hydrocyon, or some associated factor, do seem 
to have had a marked effect on the fish, and they might conceivably have had 
effects on evolution by controlling the distribution of the fish within the lake. 
In the case of Lake Tanganyika, which though evidently an older lake than 
Nyasa has no species flock of Tilapia, these predators may have restricted 
evolution within this genus.

I t  is, however, among the Haplochromis and not among the Tilapia that 
the difference between lakes with and without Lates is most marked. Tilapia 
provide little evidence as there is little difference in the number of species between 
lakes with and without Lates, as the following Table 1 shows. Also as is 
discussed in a later section, Nyasa is the only lake with a genuine species-flock 
of Tilapia, and predators are likely to have most effect on the sympatric 
development of species flocks as these involve the greatest changes in the habits 
and habitats of the fish. ,

t a b l e  1
The numbers of Tilapia species in lakes with { +  ) and without (—) the predators Lates and

Hydrocyon
Tilapia species

Lates and Hydrocyon No. present No. endemicLake
Rudolf
Albert
Tanganyika
Edward-George
Victoria
Nyasa
Rukwa
Jipe

+
+
+

3
4 
4 
2 
2 
6 
1 
2

0
0
2
0
2
5
1
2

Lakes which already have several species of Tilapia do not develop endemic 
species unless the Tilapia can exploit more openwater (as they have done in 
the case of Nyasa) ; this is probably bound up with Tilapia's restriction to a 
vegetarian, mainly algal, diet, and suggests that interspecific competition in 
inshore waters, as well as presence or absence of openwater predators, may play 
a part in controlling the distribution and further evolution of Tilapia species.

Can interspecific competition between different species of Tilapia have 
affected their further evolution ? Data summarised above concerning the 
food habits suggest that competition for food is not often a limiting factor in 
these algal-feeding fish under natural conditions, even though several species 
may use the same source of food for much of the year. I t  is, however, possible 
thai there is competition for spawning grounds in lakes such as Victoria where 
suitable hard bottom appears to be limited, and for nursery zones, as so much 
of the shallow water in the swampy areas at the edge of the lake, used as a 
nursery zone by the 3—10 cm. long fish of both Victoria species, is unavailable 
because it is deoxygenated. The distributions of T . esculenta and T . variahilis 
in Lake Victoria, and of T. niloticaand T. leucosticta in Lake Edward-George 
suggest that inter-specific competition exists, the larger-growing T. esculenta and 
T. nilotica dominating the other two species and affecting their distribution 
in their respective lakes (Lowe, 1956 b and 1958) ; such a situation could 
presumably have effects on the future evolution of the fish by governing their 
distribution within the lake.

B. The significance of the Lake Nyasa Tilapia flock
Several lakes, Nyasa, Victoria, Tanganyika and Jipe, have more than one 

endemic species of Tilapia, but Nyasa is unique in having more than two ende
mic species (Table 1). Endemic fish species arise either by gradual change



18
BOSEMARY h . LOWE

f l g r f S g a j L i m . f  r f | ! r  V o species- t o t T
P g ^ i i ^ l l f l ^ ^ a S i p r t h e  fart that large B aphchrw ù  specie» 
îoündm  any other of the lakes, a«*!» , , showing that conditions were
flocks also occur in Lakes V.ctona and “ ¿ V th e s e  lakes too. fitfu
suitable for the ^ n s r u e ^ y c  m  „ w L t v  to examine the e w l y d
Tjjnque Nyasa, species nogfe-E ^  ~  ¿ ^ aviom  Qf the fish, which may hifflS.
con^tions^and ^  Aryâ a, an 1̂ in tVjgga other lakes.—

1 T h e s y m p a t r i c  spéciation controversy . .. ,,00
Much has been written on the subject Pa937, 1940,

occurred among cichlids in t  e rica^  1947 t, 1949) Brooks (1950), and
1954), Mayr (1942, 1947), Trewauss [ I W U W K f ^  
for Haplochromis species by Greenwo ( ) ^TEw . Africa held that ¿ jh
fc jtofc WffltWngtaoj f l g ^ - ^ n y r fif f
sBSSiffi in fflw Q œ i  ^ f'R̂ y ^ yhia Jo rk  on ba3TT £at geog^p to^

i i i g i l g i H K
t , T W v M  (1949) In  ATTQgg. there am ht -peoies of

^ “ c S S S î â s„uts.de the lake., „ocu^ e o T d i t i o ^  indiSatjn g ^

breeding behaviour and ecological die

lake leads to the conclusion that these four species have evolved within 
the lake le* pointed out that lake level changes may have
* ddedto’ the possibility of isolation in bays and creeks as suggested by Mayr 
m « )  n - f l e I n c l u d e d  that in N y a s a S w ^ p b ja U a i^ ^

S ^ = a a A a i m r .  BrofltoJi5ail) when reu ien r  .tie lllM gM -a .

is how much have geographical and ecological lsobtiap
within the lake W T g ^ m e d a n d  how much base * § & --

i,. |,lt .  contributed to speciation w.tluu Lake Mvasa.. in e  wmeiy 
ing flames to»Btn— . , ies of the Tilavia complex which

S C S S &  y  i  g M
f h  i T r e S ^ i  U  of the lake where it |
f o i d  tMether with the other species, there is no evidence of any present-day 
geographical isolation, or of any complete ecological isolation among the presen

dayc I S £ t e  « T - -« -  ---------- ^  M

M ir  ^  another.

l i t  is vervTelevantfbTthe^ many s tu d lS ^ fth e  operation of Gause sprmcipte 
see v a j l )  as this is generahy interpreted in terms of competition for food). 

In Nvfsa shoals of different Tilapia, T.saka, T. squanupinms ^n d  T. hdole 
are tau g h t together, all feeding on phytoplankton, for much of the year, but 
differences in depth and place at which the different species spawn ensure 
spatial isolation when spawning. This spatial difference /
temnoral isolation as there are well-defined breeding seasons, and differences m 
cobur of̂  ̂ he breeding male (see page 12) ; this Nyasa species flock wfil 
c o n «  further (pfge 24) after more detailed e— tion of some of the 
factors which may have affected speciation in Lake Nyas .

2. The uniqueness of the Nyasa Tilapia species flock _ ■

Reconsideration of the Nyasa Tilapia speeies flock in 
knowledge of the ecology and behaviour of cichlids m East African lakes

' fa t  ¿  
M a il'* 5

¿ ; ^ rtY -  •



stresses that Nyasa is unique in having a Tilapia species flock and that this 
species flock is very small compared with the species flocks in
this and other lakes. In Nyasa there are only six species of Tilapia compared 
with over a hundred recorded species of Haplochromis and many other cichlids 
of different genera (Bertram, Borley & Trewavas, 1942). In Victoria there are 
only two species of Tilapia compared with over seventy closely-related species 
of Haplochromis (Greenwood, 1954). Thifmmuaty of Tilania sponifta 
with Haplochromis species is probably connected with (a) Tilapia’* rest.rict.imi 
to algal food, whereas among the Haplochromis there has been an extensive 
adaptive radiation exploiting bvctv available kind of food (see page 61. and Chi

TUapia^habit Otmoving fro iW n g  tor que in the lake m i r f h  mrTw .n.nrl 
also makiBgJong movements in the lake_ Thus there is little ecological or 
geographical isolation between populations of Tilapia. This is in direct con
trast with Haplochromis species, which are all smaller than the Tilapia and j 
tend to remain in one zone (for example over a hard substrate, or over mud, | 
or sand, or in plant beds, or where the shoreline is rocky), throughout life i
(Greenwood, 1954), and are therefore, unlike the Tilapia, split up into !
populations which are subject to a high degree of isolation.

The only other lakes at present known to have more than one endemic I 
species of Tilapia are Tanganyika, Victoria, and Lake Jipe (a small lake on 
the Pangani River), which each have two endemic species (Table 1). In j  
Tanganyika the two endemic species, T.tanganicae and Icaromo, appear to 
have evolved under very different conditions and in different areas, the former 
in the main lake and the latter in the Malagarasi swamps flowing into the 
the lake ; the two species only meet in the Malagarasi delta so there is geogra- I 
phical as well as ecological isolation. In addition, these two species appear 
to have come from different stocks, T. Icaromo from the T. group
and T. tanganicae from the T.galilaea group of Tilapia. In Lake Jipe and' 
Lake Victoria the two endemic species concerned are found together in each 
case, but it appears probable that in Lake Jipe two invasions have occurred t 
and that in Lake Victoria the two species may have come from different stocks 
of Tilapia.

Lake Jipe is a shallow lake, probably not more than ten metres deep at the 
present day. With the well-known fluctuations in rainfall in East Africa this 
lake must have fluctuated greatly in extent and must have more or less dried 
out several times and then been recolonised from the Pangani River. Of the 
two endemic species T. girigan is very little different from T. pangani now 
found in the Pangani River, and T . jipe, which is more distinct, may represent 
the result of an earlier invasion from the river. This interpretation is supported 
by the similar male breeding colours and nest forms found in these two endemic 
species and in T. pangani (Lowe, 1955 a). The mechanism whereby these two f 
sympatric species keep distinct is not yet known.

Trewavas (1949) and Worthington (1954) considered that T. esculenta 
and T. variabilis in Lake Victoria might be a species pair, but more recent field [
studies on Tilapia in East Africa lead to the conclusion that these two Victoria 
species are more distinct than was formerly believed. Certainly they are f
more distinct than are the members of the Nyasa species flock, and in the \

. ----------- „X utnig uiuser to me Tilapia of the
eastward-flowing nvers allied to T. Mossambica, and esculenta to T. nilotica 
although Trewavas (1949) considered that they both could have evolved from 
one Tilapia not veiy different from the population named by Günther T  
spiiMTOs now existing in the eastward-flowing Tana River in Kenya. Green
wood (1951 b) considered that Miocene fossils from Lake Victoria appeared to 
be most closely related to T.mossambica Peters. Greenwood (1951a) has 
E ®  ldeas concerning the history of Lake Victoria and postulated 
that the fish retreated into the east-west river systems as the lake more or less 
dried up m the mterpluyial periods, and then recolonised the lake as it expanded 
again during the pluvials, and it seems possible that the two present-day
Tilapia may have originated from stocks entering the lake at different times 
or irom aiiierent nvers.

3. The contract between Tilapia spéciation in Lakes Nyasa and Victoria 
(a) The effects of depth and age of the lakeJ| evidence of any complete geographical isolation in Nyasa and

rarely jbund over water more than fifty metres deen. proWhte
deep water may form

iûOeep
ß v s ts u jlr ih -   ------ — wat er  may rorm a harrier which '¿X W K Jsi ft)

' J ÏÏivuI , Ç y a*ar~ ^ r  Ŵ r coa^a-dght^inshore a t ' s e v S  t  /ß rc<i
f  bf*wppn Nie SOlith^astandsoiith-west arms of the ^  /  ?

w ''h ^ barriers are crosapd ifl HH y hn nfsignificance. ______
- ^ ^ f e m ^ s , which are then not feeding"

In the shallower Lake Victoria, c o 5 4 “  
and there is less necessity for the fish to move right inshore to find shallower 
water for spawning, so breeding populations are less likely to be discontinuous 
han m the deeper Lake Nyasa. In Victoria the Tilapia disappear W ? h e  

possfbleih when Phytoplankton is blooming in the main lake and it is
K l there are SO“ e seas°nal movements into the open lake although 
S  ^  ^  are W m  °Ut th6re ’ markin§ experiments mentioned above
K  tI  T  ? e ViCt°ria Tihpia  make ^ng  movements about 

Lake v t t  only exception noted to the lack of geographical isolation in 
near collection of a few rather atypical variabilis from
n o n n S  if M H P I the centre of fchc lake I possibly this Godziba 
have here haS n0tfibe®n p la te d , or sufficiently isolated, for long enough, to 
have become specifically distinct. The fluctuations in level known to have 
occurred m all these African Great Lakes would lead to greater mixing of 
popuJatmns when the level was low in the more uniform and shallower waters 

Victoria than m the deeper waters of Lake Nyasa.

P robiw l1i r sa iS *hOUg,ht to ^  * much older Ilke than SO there has
M S l t  lo"8°r f e  semi-isolated populations to become speciHeally
Car er i . R B  ! ! ,„ tlme * degree of isoIation is undoubtedly importantIter (1951, page 190) summarized work by Wright and others or the
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3K9S3®fe^4S#BÍFin the former genus, as discussed above (page 20). This emphasises m ar rn

age of the lake per se.

(b) The effects of defined breeding seasons |

teeed . t  somewhat <Men,nt time, of ye»r-

in thTbotw ^athgj WoiT t'h*
L  m d v c T ±metres dees, and T.flovemper, ._ . ^  to A w ü  ̂  water i ^ i o  metres deep (Low& -H £ 2 ^

"“ ^ S p r e s e n c e  or absence"oFdefined breeding seasons among T í í ^ a  depends
on The hydrological conditions and these are primarily dependent on the 

J j i  1 B n f lH  Lake Nvasa lies between 9° and 15 south and has a
w X t a S  annual hydrological cycle in accordance h R | B R H |  and

(Fish° 1957) ahd the Tilapia can escape an annual though ill-defined cycle in 
F  nart of the lake by moving about the lake, as marking experiments have 

X l n  that they do The effect of latitude and hydrological conditions on 
Tilapiabreeding seasons is clearly shown in those species found over a wide 

latitudinal range Thus T. niloticain Northern Nigeria (about 10 to 13 
north^have a L tr ic te d  breeding season, breeding only in the M S B  

atnrial waters breeding fish are found at all times of year (Lowe, 1958). 
^ S f t S H  Africa and Rhodesia breed only in Ü .

Ü Ü  fdii Plessis & Groenewald, 1953; Jubb, 1952 ; Maar, personal com- 
munkation) but in Indonesia (introduced) breed throughout the year (Vaas& 
Hofstede 1952). Among many Tilapia most ripe fish are found in e .ra* ^  
f «  for example among T . m a c r o c h i r  and m ponda^  the
n  n Mp Lont 1950) T. rukwaensis in Lake Rukwa (Ricardo, ,
E K l 9 H M f  report), and Ldre Victoria H  ¡ M l  
£ 2  Aronson (1957 p. 274) records that in microcephaly m West Africa 
there was a marked drop in the spawning frequency during the P®nod ^ v y  
rains coupled in some areas with retrogression of the gonads How the effect 
of the rain operates is not clear ; Aronson (1957) suggests that ^tensity  of 
illumination may be a controlling factor. In Nyasa and T  hdole
boTT reed before the rains and I  sq during the rams (is it signi
ficant that the latter species, which spawns deeper, spawns after a longe 

'  prind of light increase ?) ; T. karongae at the northern end of the la
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T. shirana which lives inshore both appear to have more extended breeding 
seasons.

The Nvasa species have more restricted breeding seasons than species on a 
nearly comparable latitude in Rhodesia, where T. mossambica, T. macrochir 
and T. andersonii start to breed as soon as the 1  weather becomes warmer 
about September and continue to spawn throughout the warm weather until 
about March, having many successive broods. Tfeftjary rrvtrintnd brpedm? 
seasons in Nva,sa appear to be exceptional and flTf probably related tO-thg. 
hvdrologicai conditions in this„iarge lake. MeyÇQ (1944), suggested 
ghecieTwith V ^ r  ^»Avn-rmt breeding seasons divisions into__early— and

I  tJL?'
ej^r uci%r n,T R ^ ight initiate_speciation, C^n this h ^ h a p p e n a L   ̂_ 

in the cassjffJLMoka^wà  T vp iamip invis in Nyasa-? In  Nyasa differences in_ V ftr»U
iling at different times of year may have bega. ^

Vnr’ehanges^in"spavming^places following changes in spawnings 
gpásññT or conversely for changes jp  SfíftSPn following cjia ngg  m ^ a c e ^ th e  

le nnt. ypt su ffic ie n tto W  which is most likely. Frost (1956) has 
leúñd that in the Windermere Char, Salvehnus willughbn Gunther, differences 
in spawning season and the depth at which two populations spawn appear
to be contributing to speciation. /

The very restricted breeding seasons in Nyasa mean that relatively few. 
batches of young are produced a year compared with most other 
Also the Nyasa Tilapia have larger eggs and fewer eggs are laid at a time than 
in other Tilapia species (Lowe, 1955 c). In Jhe Nyasa spec^s the^ymm^are, 
however, brooded to a large size than in othe r j pecies, which m ayJsad tQ_

' greater suiwIVarSa ^ f f l ¿  I n W c ^ ^ ^ ^
stage and suffer alfigh mortality when about 15_mmJ o ng _w.hi.ch is ajsaJhm . 
sIzeaFwhich~these fry b e ¿ ^ ] g ^ g ñ ^ i j n Nyasa, T: sgkqtry  | r^ r o _p4gd^  
Tmftr54m rn. long. T .-Wüamipinmslr y  untilJ O m m, longh and A. mole tty-. 
until 52 mm. long, this may help them over a critical stage and_&ppeara t,o he-an, _ 
adaptation associated with more openwater conditions— —

The possession of definite breeding seasons, and associated with these 
definite breeding places, means that waters away from the breeding grounds 
can be exploited at other times of year, the fish congregating at a well-defined 
and advertised rendezvous in the spawning season. This may have been an 
important factor in the colonisation of openwater g j Nyasa by species which 
have to return inshore to spawn, such as among the Tilapia and he
zooplankton-feeding “ Utaka ” group of some species of which
return to the same areas to spawn for a month or six weeks every year (Lowe, 
1952). (Indeed, the absence of definite seasons and places for breedmg may be 
one of the reasons why Lake Victoria has not developed a comparable group 
of openwater zooplankton-feeding Haplochromis, as without such a rendezvous 
for spawning it is difficult to see how species occupying this openwater niche 
could evolve).

Thus-to sum up, in Victoria, which is a relatively shallow lake, conditions 
are more uniform and the Tilapia move from zone to zone as they grow and

. i i B H  in nnAlnmnol or nrpnnrrii,nhiP,fl.lmaVo lor»nr mm7ATYiP.nt,S ilTlOllt the lake.
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isolation ; neither is there any temporal isolation as the Tilapia breed through
out the year. Nvasa, on tha other hand, is a deep lake fQ oondiftoTffl nrnmore.  
varied ;jdthnugh the Wvlm  Tilama are adapted for more openwateyjmag^ 
waIftT~rnore than fifty m etresjjfifig- presents an ipfmuSRtly crossed barney; 
there is no dire**.
«SX^ 7Tsthose'in Victoria, but the brooding female makes quite long *S2S t' 

^«hnre with family broods of young j J he.preSQnce of definite
breeding seasons means that temporal as well as spatial isolation m a ^ have, 
helped to been new populations apart.

4. Possible lines of evolution within Lake 
The salient facts bearing on the relationships of members of theJNyaga^ j 

TUam a  s n e ^ c o m p le x  ap£ar~to be : ( l ) X ^ f o  m ± .T- -mamipinjus arq 
"^T^bTiiirfgie^ly mnW <mii nppeaj-tn be the, most. recently separated |

ig "■ epeeialiaerl form for more openwater cojiditiona-ffihica j 
nniilfl most easilv have arisen from a T . gqfca-like form, (3) The main mystery j 
remains nTthe*north, and in particular the relationship between T amt  |

Vftrv mt1e is ^ Vrinwn about the bioIogv of ^  
north endof the lake,. |  T .Jçammf may be restricted 4»  the northern end..aa- |
this isThTonly part of the lake with permanent inflowing rivers ; tms.spefiisa. j 

Wpë&âTtô hove lprotracted hreeding..season, as is more usual f o r j f j m a --» 
at this latitude, bnr, further work mav show that all the species have a mote, 
protracted breeding season at the north end of the lake (which is, of course^ j 
npg.rer t.he equator) than they do further south7Z f

q^lnginal evidence suggests that the north is the oldest j j art of th&J akfi. 
m iTw  1Q4Ü and it would appear tcTbe the cracUS-P^—the species flock, the * j 
ancestral Tilapia,thougETtobelong to the T. ^aMaea group of the, genus J 

ma.7 bT~gaining access from the rivers to the new.and deepening^ 
lake. This Tilapiawould prohahlv-iiaxaJiad rather estuarine. and inshpre- 
.wibncr baïfit^atfirst. the voung were probably not brooded to a large siz& |  
t t ^ 5-v^rrrd be a. protractedbreeding season as among Tilayia m the nverg p t  > 

- m T T ^ - ^ d  a dark, lir&faably not very black, breeding male. As_the lake_ j 
with fluctuations in lake level this form may  have become |  

srilit into populations", becoming T . karonaae, possibly m the egtuary^LaM  | 
drtrre~Dermament rivers, and a T. .safa-like form, possibly in the mam lake.
Vlir mhr~rd r b - y — 1 T. Imxmm™av have developed gradually
'-.n association with the silt burden of the river estuaries as suggested, by * 
/fr^ YnYQo ( KUi \ " a. suggestion supported by the enlarged pharyngeal bones |
noted in some T. squrnniyinnis from this area (.Lowe, page 8).
— TVir T  ÏÏdôïeand ~T.xquamipinnis would both appear to have

üôm H  T:MM-Hke fôrnT afterfluctuations and general increases m_ j 
take level brought more openwater conditions closer inshore ; deep waterTonly 
-imTTr inlremientlv crossed by the itilapia, probably he lp e^Jo jso Ia te Jh e  | 
r^n ia tinns  ot the incipient Tilapia species. The well-defined breeding^ | 
4 q ĝ g -nroha.hlv developed " as the lake 'lnd  Tilayia populations extended g 
ooiifhxvnrds! ïïricl as~~the lake increased in depth and developed a regular , 
Hydrological cycled

BREEDING BEHAVIOUR AND ECOLOGICAL DIFFERENCES IN TILAPIA 25

T. lidole shows greater morphological differences from T. than does _
T. sauamiyinnis which suggests that T. lidQle originated earlier from a T. saka- 
like form, though many of the differences are adaptations associated with the 
HioreTwenwater habit of T. lidole. The possession of more or less the same 
breeding S'easoiriir T. lidole&nd T. saka a t the south end of the lake (T,owa.
TofikT^ g h t  suggest that the split came after the restriction of the hccedmg
season, but this mav be a parallel development in the tw o  species ns
xqnamipinnis. believed—on morphological grounds to have—evolved niQre
recentlv than T. lidole, may have split off from a T. saka-like form before this
restriction"of breeding season. T. lidole retained the dark male breeding
colour sim ilar to that of T. sajcaand T . karongae. I t  is possible that the
movements of the brooding females ot the incipient T, lidole may have had a,
vital role in the evolution_of this species (see page 10).

At another time and place, probably after some rise in lake level and 
perhaps further south where and when hydrological conditions facilitated the 
development of breeding seasons, the T. sa/m-Iike population appears to have 
flimdpd | these fish brooding before the rains in very shallow water and retaining 
tTjfTdark brooding male becoming T. saka, and those breeding later, during the, 
rains, in deeper water and developing a blue and white male becoming T .

sauamiyinnis, Whether changes in breeding season or place came first is not 
Irnown. Hydrological differences such as wave action might account for the 
la ter-breeding  77. scfuaniiyinnis breeding in somewhat deeper water : alter-

particularly if light, is a controlling factor in determining spa.wmng frequency 
Aror»Tma^mg7) lpg.d to l^ter spawning in the deeper spawning, 

populations (though this does riPf npp^nr fn ta.va happened in the case of thfi 
deeper-spawning T. lidole).f  How much geographical barriers within the lake, jm  
Such as~barriers ot deep water aided this split is not known, and tbia remains 

"the crux of this svmpatric speciation controversy^ The most probable sequence 
of events would sssB riaL afi^ tdhe lake rose and those fish which could spawn 

^Tn deeper water s4 yprl in tbogp. deepened areas and gradually delayed..their. 
spawning, tnen in some population semi-isolated by barriers of deep water a 
mutationoccurred leading to a change in male breeding colour, after which 
selective breeding between fish with this colour and the later and deeper spawn- 
ing~ha.hit enabled t his population to keep distinct when the geographical 
isolating barriers were no longer effective. Such barriers would become less 

* effective as the numbers of fish increased, j  
— Throughout the ages fluctuations in lake level have probably helped to 
keep the different populations of the Nyasa Tilapia complex in balance, the 
more open water-living forms increasing during periods of high lake level and 
the inshore-dwelling forms becoming relatively abundant in years of low water.

IV. SUMMARY OF CONCLUSIONS w. J  . v
Hi l1. Within the genus Tilapia three distinct types of breeding behaviour j /  / t

jDccur, the fish in the three groups bemg~desigriated substratum-spawners, ¡y^CO  ^  j o T & e d  
pafefnal-biuudbi'STUld lllaleinal-brooders. Structural and ecological differences ¿J j ( \ J

'"are~ass5Ut3fed^udfh behaVioiir difFerencesTetween these three groups. <£1//
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2. Substratum-spawners comprise only four known species, which are of 
wide distribution in Africa ; paternal-brooders are also few in number and 
appear to be confined to West Africa and the Congo. The nnmernus 
species found in the w aters o f ffast, and Central A frica, including  all the species 

' endemic to the Great Lakes, are maternal-brooders^. Jj
57 Breeding behaviour and ecological differences between the three groups 

are summarised.
4. The significance of these differences for evolution within the genus is 

discussed. Despite the probably greater antiquity of substratum-spawners, iL 
is only among materrLal-broQdefsITiha.t extensive speciation has occurred. 
Characters which may have accounted for the extensive speciation of the 
maternal-brooders include (a) preadaulhcion for more openwater conditions, 
both by ability to feed orTphytoplankton and by brooding the eggs and voungT 
and (b) the polygamous habit combined with the congregation of males on 
certain spawning grounds ; this may have had effects in the spread of mutations 
and also presents ideal conditions for sexual selection to operate and has 
probablycontributed to the development of the striking male breeding colours. 
These breeding^olour&adivertlse^hespawning grounds so there is a well-marked 
rendezvous for spawning ; this effect is particuTarlynoticeable in Lake Nvasa 
where there are well-defined breeding seasons, and permits th<Tfish to exploit, 
feeding grounds away from the spawning grounds at other times of vear. The 
ability of the male mouth-brooder to fertilize continuously over long periods 
allows rapid spawning as pre-spawning courtship is reduced to a minimum

5. Fish of the family (Jichlidae speciate readily ; in the substratum- 
spawners speciation may have been inhibited by their restriction, both by 
food and spawning habits, to inshore waters where plants can grow ; thus 
populations can only spread contiguously along a shore line.

6. The uniform predominently vegetarian diet, found in all species of 
Tilapia, and the Tilapia9 s habit of moving from zone to zone as the fish grow 
(in contrast with thv Haplochromis species which tend to remain in one parti
cular ecological zone throughout life), and their long movements about a lake, 
would appear to have militated against the formation of Tilapia species flocks 
comparable with those of Haplochromis in Victoria and other lakes.

7. Nyasa appears unique in having a Tilapia species flock, evolved within 
the lake ; Lakes Tanganyika, Victoria and Jipe all have two endemic species 
of Tilapia, but in Tanganyika there is geographical as well as ecological 
isolation between the two species, and these may also have come from different 
stocks ; in Victoria the two species appear to have come from different stocks 
of Tilapia, and in Jipe the two species appear to have arisen by invasions at 
different times from the Pangani River.

8. In Nyasa the colonisation of new areas was probably promoted by the 
ability of the phytoplankton-feeding Tilapia to cross openwater combined 
with the necessity for them to move inshore to find suitable bottom for 
spawning ; the movements of the brooding females may have played a special 
part. tLaJUake Nvasa incomplete geoizranhical isolation, brought about mainh

\
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and superseded by ecological isolation, the Tilavia species separating to spawn 
different depths, and temporal isolation, the species having well-defined

the two most closely similar species, JL_.s_a/?a 
¡»iH fl. rKfpprp.nfie in colour of the breeding male between 

t,Hese~~two species' i s a k a  appears to be nearest the basal stock from which. 
rTr~lcarnnaae. T. Ijdole and T. xauamimnnis have been derived.
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As a result of some two years’ field 
work on the fauna of Lake Nyasa, and 
subsequent analysis of the information 
gained, a number of points relevant to the 
evolutionary phenomena shown by that 
fauna have emerged. Some of these have 
been mentioned in previous papers, par
ticularly in one dealing with the ecology 
and evolution of some of the littoral fishes 
(Fryer, 1959), but several points, albeit 
disconnected, but none the less pertinent, 
remain to be presented. It is the purpose 
of the present paper to draw attention to 
these points.

(1) T he N on-D iversity of H abitats

The fact that some of the great lakes 
of Africa are large and deep has led to 
the assumption that they provide a great 
diversity of habitats (de Beaufort, 1951). 
That this is not so in certain cases was, 
however, pointed out by Worthington 
(1954), who referred to the monotony of 
the shorelines of Lakes Rudolf and Kioga, 
and to the absence of dissolved oxygen at 
depths of 60-200 meters in certain other 
lakes. More recently, when referring to 
Lake Nyasa, Jackson (1955) suggested 
that “sufficient stress has not been laid . . .  
on the large variety of habitats present in 
a big lake such as Nyasa.” With this I 
cannot agree, for, in spite of its great size, 
Lake Nyasa seems to provide a remark
ably small assortment of habitats.

As in all lakes, save the very smallest 
ana shallowest, Lake Nyasa is divisible 
into littoral, sublittoral and profundal re
gions and there is the usüal pélagial zone 
—here of enormous extent and of typical 
uniformity. In spite of the great length 
of its shoreline the number of major litqj 
toral/habitats in the lake is remarkably 
few; two types, rocky shores and sandy

beaches, predominate. Some of the sandy 
shores are reed-fringed, others bare. This, 
however, is of scant importance to the 
majority of sandy shore species. Other 
major littoral habitats are few, and estua
rine regions, occasional areas of local 
swamp, and even rarer shingly beaches 
cover all the other main types. Littoral 
macrophytic vegetation is very sparse; it 
is represented over much of the lake al
most entirely by Vallisneria, and even this 
is absent from some exposed sandy 
beaches, and is completely absent from 
rocky shores, which support no higher 
plants whatsoever. Habitat differences 
related to the zonation of plants at differ
ent depths, which are so prominent a 
feature of many lakes, are scarcely recog
nizable in Lake Nyasa. The only vege- 
tational change with increasing depth is 
usually the disappearance of Vallisneria.

Within each major littoral habitat there 
are of course microhabitats and/or niches 
(depending on the usage of these terms), 
but there is nothing to suggest that the 
number of microhabitats is any greater 
than in other lakes; in fact, the uniformity 
of conditions within each major habitat 
suggests that such microhabitats are rela
tively few (see also remarks on the 
restricted number of available feeding 
niches, p. 442).

The great maximum depth of Lake 
^Nyasa (over 700 meters) suggests the 
existence of a series of habitats in the 
profundal region. However, at least 45./£? 
of the bottom area of the lake cannot be 
inhabited by aerobic organisms because 
it is completely and apparently perma
nently oxygenless, and, at least in parts, 
contains hydrogen sulphide. A consid
erable percentage of the remainder of the 
bottom is very nearly in this deoxygen-
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ated condition. The maximum depth at 
which dissolved oxygen has been detected 
is about 250 meters and here the percent
age saturation is always too low to permit 
most animals to survive. At a depth of 
150 meters the amount of dissolved oxy
gen not infrequently falls below 1 part 
per million (Beauchamp, 1953).

It is not denied, however, that in water 
down to say 100 deters, a series of niches 
exists for exploitation. However, not
withstanding the presence of a few deep
water species of Bathyclarias (caught at 
depths as great as 70 meters) (Jackson, 
1959), which in any case must eat to live 
and are therefore precluded front living 
at the greater depths which their tolerance 
of low oxygen tensions to some extent 
permits, it is true to say that if all the 
water below a depth of say 30 meters be 
discounted from consideration, the pic
ture of the fauna of Lake Nyasa would 
scarcely differ from that which it presents 
in its entirety.

Even if a distinct /'deep-water” fauna 
(at depths of say 70-120 meters) should 
be discovered in Lake Nyasa, as one has 
been in Lake Tanganyika (Poll, 1956a 
and b), the argument would in no way 
be altered insofar as the already known 
fauna and its habitats are' concerned.

Further points in connection with the 
uniformity of conditions in Lake Nyasa, 
as compared with many other lakes, are 
the relatively slight change in tempera
ture throughout the year, which perhaps 
militates against the development of sea
sonal faunas, and, more important, the 
small thermal gradient with increasing 
depth. In temperate lakes vertical zona
tion is reinforced, at least during the 
summer months, when most animals are 
active, by marked differences in tempera
ture (a difference of 15° or 20° C. be
tween water at depths of 1 meter and 30 
meters is by no means unusual). Such 
striking thermal gradients exist also in 
■"’arm monomictic (subtropical) lakes 
(Yoshimura, cited by Hutchinson, 1957). 
/n Lake Nyasa, as revealed by Beau-

are almost inconsequential, for even at 
times when thermal stratification is most 
marked the difference in temperature be
tween the upper layers of water and that 
at 200 meters is only about 6° C., and 
frequently the habitable zone is more or 
less homothermal.

It is therefore apparent that Lake 
Nyasa does not offer the diversity of 
habitats that some have supposed.

(2) Qualitative and Quantitative 
Poverty of Certain A nimal 

and P lant Groups

Of the Nyasan fauna only the fishes 
and one or two other groups have been 
studied in detail by systematists. How
ever, ecological studies in the littoral zone 
have shown that the number of species 
of invertebrates in certain groups is sur
prisingly low, thus to a large extent bear
ing out Moore’s statement made as long 
ago as 1903 that the fauna of Lake Nyasa 
consists of “fishes and molluscs.” Even 
molluscs are by no means everywhere 
plentiful, and on rocky shores in the 
northern part of the lake they appear to 
be completely absent. Of the Crustacea 
the order Cladocera is almost entirely ab
sent front the littoral zone, at least in 
the northern part of the lake. The num
ber of species of the larger insects is also 
surprisingly low, and the species that do 
occur are by no means so abundantly 
represented as in many lakes. The paucity 
of the higher plants has been referred to 
above. On the other hand, a few groups, 
such as lithophilic chironomid larvae and 
ostracods, may occur in enormous num
bers in certain microhabitats (Fryer, 
1959).

Thus it is apparent that the fishes, 
which exhibit the most remarkable specia- 
tion of all the groups in Lake Nyasa, have 
not had a particularly diverse assortment 
of foods at their disposal.

It is relevant to record here that the 
“lake flies” which often emerge in vast 
swarms from Lake Nyasa are not, as is 
generally assumed, chironomids, but cha-
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As a result of some two years’ field 
work on the fauna of Lake Nyasa, and 
subsequent analysis of the information 
gained, a number of points relevant to the 
evolutionary phenomena shown by that 
fauna have emerged. Some of these have 
been mentioned in previous papers, par
ticularly in one dealing with the ecology 
and evolution of some of the littoral fishes 
(Fryer, 1959), but several points, albeit 
disconnected, but none the less pertinent, 
remain to be presented. It is the purpose 
of the present paper to draw attention to 
these points.

(1) T he N on-D iversity of H abitats

The fact that some of the great lakes 
of Africa are large and deep has led to 
the assumption that they provide a great 
diversity of habitats (de Beaufort, 1951). 
That this is not so in certain cases was, 
however, pointed out by Worthington 
(1954), who referred to the monotony of 
the shorelines of Lakes Rudolf and Kioga, 
and to the absence of dissolved oxygen at 
depths of 60-200 meters in certain other 
lakes. More recently, when referring to 
Lake Nyasa, Jackson (1955) suggested 
that “sufficient stress has not been laid . . .  
on the large variety of habitats present in 
a big lake such as Nyasa.” With this I 
cannot agree, for, in spite of its great size, 
Lake Nyasa seems to provide a remark
ably small assortment of habitats.

As in all lakes, save the very smallest 
and shallowest, Lake Nyasa is divisible 
into littoral, sublittoral and profundal re
gions and there is the usual pélagial zone 
—here of enormous extent and of typical 
uniformity. In spite of the great length 
of its shoreline the number of major lit
toral habitats in the lake is remarkably 
few ; two types, rocky shores and sandy
E volution 13: 440-451. December, 1959

beaches, predominate. Some of the sandy 
shores are reed-fringed, others bare. This, 
however, is of scant importance to the 
majority of sandy shore species. Other 
major littoral habitats are few, and estua
rine regions, occasional areas of local 
swamp, and even rarer shingly beaches 
cover all the other main types. Littoral 
macrophytic vegetation is very sparse; it 
is represented over much of the lake al
most entirely by Vallisneria, and even this 
is absent from some exposed sandy 
beaches, and is completely absent from 
rocky shores, which support no higher 
plants whatsoever. Habitat differences 
related to the zonation of plants at differ
ent depths, which are so prominent a 
feature of many lakes, are scarcely recog
nizable in Lake Nyasa. The only vege- 
tational change with increasing depth is 
usually the disappearance of Vallisneria.

Within each major littoral habitat there 
are of course microhabitats and/or niches 
(depending on the usage of these terms), 
but there is nothing to suggest that the 
number of microhabitats is any greater 
than in other lakes; in fact, the uniformity 
of conditions within each major habitat 
suggests that such microhabitats are rela
tively few (see also remarks on the 
restricted number of available feeding 
niches, p. 442).

The great maximum depth of Lake 
Nyasa (over 700 meters) suggests the 
existence of a series of habitats in the 
profundal region. However, at least 45% 
of the bottom area of the lake cannot be 
inhabited by aerobic organisms because 
it is completely and apparently perma
nently oxygenless, and, at least in parts, 
contains hydrogen sulphide. A consid
erable percentage of the remainder of the 
bottom is very nearly in this deoxygen-

vvnicl^issolve^oxygeini^been detected 
is about 250 meters and here the percent
age saturation is always too low to permit 
most animals to survive. At a depth of 
150 meters the amount of dissolved oxy
gen not infrequently falls below 1 part 
per million (Beauchamp, 1953).

It is not denied, however, that in water 
down to say 100 meters, a series of niches 
exists for exploitation. However, not
withstanding the presence of a few deep
water species of Bathyclarias (caught at 
depths as great as 70 meters) (Jackson, 
1959), which in any case must eat to live 
and are therefore precluded from living 
at the greater depths which their tolerance 
of low oxygen tensions to some extent 
permits, it is true to say that if all the 
water below a depth of say 30 meters be 
discounted from consideration, the pic
ture of the fauna of Lake Nyasa would 
scarcely differ from that which it presents 
in its entirety.

Even if a distinct “deep-water” fauna 
(at depths of say 70-120 meters) should 
be discovered in Lake Nyasa, as one has 
been in Lake Tanganyika (Poll, 1956a 
and b), the argument would in no way 
be altered insofar as the already known 
fauna and its habitats aré concerned.

Further points in connection with the 
uniformity of conditions in Lake Nyasa, 
as compared with many other lakes, are 
the relatively slight change in tempera
ture throughout the year, which perhaps 
militates against the development of sea
sonal faunas, and, more important, the 
small thermal gradient with increasing 
depth. In temperate lakes vertical zona
tion is reinforced, at least during the 
summer months, when most animals are 
active, by marked differences in tempera
ture (a difference of 15° or 20° C. be
tween water at depths of 1 meter and 30 
meters is by no means unusual). Such 
striking thermal gradients exist also in 
warm monomictic (subtropical) lakes 
(Yoshimura, cited by Hutchinson, 1957).
In Lake Nyasa, as revealed by Beau
champ’s data, such temperature gradients

times when thermal stratification is most 
marked the difference in temperature be
tween the upper layers of water and that 
at 200 meters is only about 6° C., and 
frequently the habitable zone is more or 
less homothermal.

It is therefore apparent that Lake 
Nyasa does not offer the diversity of 
habitats that some have supposed.

(2) Qualitative and Quantitative 
Poverty of Certain A nimal 

and P lant Groups

Of the Nyasan fauna only the fishes 
and one or two other groups have been 
studied in detail by systematists. How
ever, ecological studies in the littoral zone 
have shown that the number of species 
of invertebrates in certain groups is sur
prisingly low, thus to a large extent bear
ing out Moore’s statement made as long 
ago as 1903 that, the fauna of Lake Nyasa 
consists of “fishes and molluscs.” Even 
molluscs are by no means everywhere 
plentiful, and on rocky shores in the 
northern part of the lake they appear to 
be completely absent. Of the Crustacea 
the order Cladocera is almost entirely ab
sent from the littoral zone, at least in 
the northern part of the lake. The num
ber of species of the larger insects is also 
surprisingly low, and the species that do 
occur are by no means so abundantly 
represented as in many lakes. The paucity 
of the higher plants has been referred to 
above. On the other hand, a few groups, 
such as lithophilic chironomid larvae and* 
ostracods, may occur in enormous num
bers in certain microhabitats (Frver 
1959). V y 9

Thus it is apparent that the fishes, 
which exhibit the most remarkable specia- 
tion of all the groups in Lake Nyasa, have 
not had a particularly diverse assortment 
of foods at their disposal.
 ̂ It is relevant to record here that the 
lake flies which often emerge in vast 

swarms from Lake Nyasa are not, as is 
generally assumed, chironomids, but cha- 
oborids, apparently of one species only,
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Corethra edulis Edwards. They were re
ferred to as chironomids by Beauchamp 
(1940) whose statement was utilized as 
the basis of a supposition by Brooks 
(1950) in a well-known review. As the 
larval habits of these two groups differ 
fundamentally, the one being benthic and 
the other planktonic, this erroneous idea 
conveys a completely wrong impression 
of the hydrological and biological regimes 
of the deeper layers of Lake Nyasa, and 
calls for correction.

(3) Proof of Statements (1) and (2) 
and T heir Evolutionary 

Significance

Since many species of fishes are pres
ent in Lake Nyasa (particularly in the 
family Cichlidae, of which more than 180 
species are now known), the occurrence 
of many species per habitat should follow 
if, as has been suggested in ( 1), there 
are few major habitats in the lake. This 
is indeed true. Further, if, as suggested 
in (2), the number of available foods is 
few, then the utilization of the same kind 
of food by several species is to be ex
pected. Again this is true. (Details of 
the co-existence of many species in the 
major littoral habitats, and of their feed
ing habits, are given in Fryer, 1959.)

The significant nf thpgp f tp ihe 
evolutionary hirdpgjsl- is-that- rmp 
.attribute fhp_^pmarkah1p gppmtmn of thr 
rirhliH fishes nf T,pkp Nyasa

ability of a diversity of habitats for coloni- 
zafion, nor to the availability of a diverse 
series of foods that would allow each 
species to fill a different " iVV,e

Perhaps, as a corollary to the second 
conclusion, attention may be drawn to the 
remarkable habit of feeding on the scales 
of other fishes that has arisen at least 
three times among Nvngan —
in Corematodus, in Genyochromis, and in 
a new species possibly referable to Haplo- 
chromis or perhaps meriting the erection 
of a new genus. This habit may have 
arisen partly as a result of the availability 
of only a few different types of food and 
partly because so many other fishes were 
available for exploitation.

(4) T he True Importance o f  Size

Although the great size and depth of 
Lake Nyasa have not resulted in the pro- [ 
vision of a great diversity of habitats as 
some have supposed, these factors have 
not been without importance in evolution. 
First, as was pointed out by Worthington 
(1937) and is now generally accepted, 
the great depth of Lake Nyasa enabled 
the basin to retain water, and with it an 
aquatic' fauna, during the arid interpluvial 
periods of the Pleistocene that resulted in 
the dessication of shallower lakes else
where in the continent. In addition size 
per se has also been of importance.

, A s is_pointed out elsewhere. (Fryer, 
1959), the re

A C B

F ig. 1. Diagrammatic representation of Lake Nyasa showing how one type of habitat (e.g. 
rocky shore) is reproduced many times to give a series of similar but isolated habitats. Arrows 
indicate movements of fishes from original centers. For details see tex t
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are fragmented: rocky shores and sandy 
beaches alternate. Now consider a given, 
:torlT^Tju nT fiicm that *n the past be- 
rame distributed around the whole or 
part of the lakein suitable habitats as_a 
result of the various changes, some of 
ffiiem possibly cataclysmic, that have taken 
piare~ diiring the history of The"Lasin7 
Representatives of this stock may havV 
begun to specialize in different directions" 
Yn arealT remote^ from (or near to) one 
another, e.g. at X and Y (or A andJEU. 
in figure 1. Both specializations, although 
perhaps different, may have been success
ful Now the time taken to overcome the 
various barriers between the two and to 
cover the distance involved would, it 
is postulated, sometimes be sufficient to 
allow the two populations to become suf
ficiently distinct to prevent interbreeding 
when they (e.g. populations X and Y in 
figure 1) eventually met. Such a state of 
affairs is comparable with the Lesser 
Black-Backed—Herring Gull circumpolar 
cline in the northern hemisphere. Even 
in cases such as A and B wnere “swamp
ing” could take place at C, the outwardly 
migrating mutants could become more 
and more distinct and separated by ever 
increasing distances until they eventually 
overlapped. Evolution of this type could 
not take place so easily in a smaller lake 
where the time required to cover the 
smaller distances and surmount the less 
numerous barriers would be less.

The size of the lake is such that even 
planktonic organisms can be isolated in 
different regions, although the pelagial 
waters in which they live extend through
out the lake with no apparent barriers. 
The fact that this is probably a reflection 
of different types of lake morphometry 
acting via the trophic regime in different 
areas in no way alters the fact that size 
is ultimately the governing factor. Thus 
the endemic copepod Diaptomus (Ther- 
modiaptomus) mixtas Sars and the non
endemic cladoceran Daphnia lumholtzi 
Sars have been found in abundance at the 
southern end of the lake but not in the 
north (Fryer, 1957). The fact that such

organism*, whirl* easiiy be dispersed 
y asrr*tit&i nni isolated in this way 

suggests that lbqSe animals ' that are 
capa > t  m fesLlij^/ such chance dispersal 
are even more liL.jy t0 §§ isolated as a 
result of the size of the lake.

t 6 f  P r e d a t i o n —  
r  Oft'nU'b S u g g e s t io n s

g rPo  tffo|  lakes whose cichlid
Si are reject to considerable

pre <& show speciation than those
m w lc4 predation js slight was put for- 
ward by W o r th in g  (1937), who still 

*r view 4His suggestion
a pre .ation is slight in Lake Nyasa 

was q u e u e d  hy pryer and Iles ( 1955),
s1>>vê  predacious fishes are

pa lculahy numeivrlis jn Wp lake. Later 
it was bvggested pnat predators, by 
re r mg the growth of populations of 
non-pre^tory ^i^ies, help to prevent 
compelling them for the avail-
f. .e P^haps in some cases for
Tying spice, and Consequently assist in
I e numbers of species
in a giver hahiiat | Fryer> 1959). It re_
mams tt Be seen '¿hich of these diametri- 

Vie vs will prove to be cor- 
re , sorne urther aspects of preda
tion tea. appear ^  support the second 
view are put :

(a) Litas beer^pkasized how, in the 
lttorai '¿me, a g ^ n species of fish usu-

f” restricted to a given
a itat Now, r for any reason, a fish 
rom sa* a shore should attempt

to cross# strip ff sand or vice versa it 
wou a resue 0f ¡ts coloration and 

^  reaction in that habitat, 
prey for a predatory 

V (1954) said exactly 
iz., “Where predators 
the prowl, the lesser 

heir particular ecologi- 
1rt from them to colo- 
ironments or to breed 

hirs only on pain of 
this as evidence that 
re marked retarding in
ch. This is surely ¿C

ill-adapivr esca 
be parbvfLr-y 
fish. Vortliir^ 
the sarrr: ththg 
are ccehruallv. 
forms, adored 
cal niche can ' 
nise ut.Y'rnicrc- 
with tVnr' nefa 
death;' \n*+. 
predaiki: } ■ g 
fluence oft soer
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Fig. 2. Diagrammatic representation of how predation can facilitate spéciation by the elimina
tion of hybrid populations. A  and C are the original populations specializing in directions A  
and Y respectively. The vertical arrows represent the passage of time and the broad arrows 
predation. For further explanation see tex t

wrong interpretation. By restricting ■fefoft- 
a cies to particular habitats the predators 
in fact assist in keeping them isolated in 
rrmiigroiis discontinuous populations and , 
therefore undoubtedly ra1V r than
restrict“speciation. If this be so, then one 
can readily understand why the presence 
of the large number of predacious species 
shown by Fryer and lies (1955) to occur 
in Lake Nyasa is not incompatible with 
the existence there of the greatest total 
of cichlid fishes of any African lake.

(b) It must be generally agreed, and is 
agreed to by Worthington (1954), that 
ill-adapted mutants of the fishes of the 
various habitats will more readily fall 
victims to predators than their better- 
adapted brethren. Such a belief is indeed 
implicit in the concept of natural selec
tion. In the absence of predators some 
of these ill-adapted mutants would sur
vive (though others would be eliminated 
by other means), and this would lead to 
a reduction in efficiency of the species con
cerned, and thus enhance the likelihood 
of elimination by competition. Predatory 
activity of this kind therefore surely as

sists in the survival of species rather than 
in their elimination.

(c) Another way in which predation can 
assist in the process of speciation can be 
understood by reference to figure 2. Con
sider a stock of fishes split into two (it 
could be more) populations as at A and
C. Now suppose that population A be
gins to specialize in a certain direction X 
and population C begins to specialize in a 
different direction Y. Members of each 
of these populations would eventually 
move outwards from their centers of ori
gin as shown in the figure. Now, if , 
genetical or behavioral differentiation had 
not proceeded to such a stage as would 
prevent interbreeding of these stocks,  ̂a 
hybrid population in which the antagonis
tic X and Y tendencies resulted in the 
production of ill-adapted offspring could 
arise at B. Such an ill-adapted hybrid 
population would be more easily elimi
nated by predation and competition than 
either of the parent stocks, and such 
elimination would prevent the swamping 
and mixing of the X and Y tendencies 
which could then continue to increase
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until ultimately they becarfie characteristic 
of distinct species between which gene 
flow was impossible. Here again, there
fore, the role of predation, which acts as 
a selective sieve, would be to favor rather 
than to restrict speciation.

All these suggestions, like those put 
forward elsewhere., point to the conclu
sion that the presence of predacious fishes 
in Lake Nyasa, and in other lakes, has 
probably hastened and assisted the specia
tion of the non-predatory species.

(6) T he Restricted Radiation 
Patterns of the Cichlid 

F ishes

The overall picture of the adaptive 
radiation shown by the cichlid fishes of 
Lake Nyasa is one of completeness. Every 
available niche appears to have been filled. 
The means whereby this filling of niches 
has been accomplished, however, seems, 
at least in part, to be somewhat different 
from that generally accepted as explain
ing the ecological evolution of related 
species. Thus, analysis of the ecological 
data reveals the existence of a number of 
morphological types, some of generic and 
one of suprageneric standing, each of 
which has its own ecological preferences. 
Radiation of each of these particular types 
tends to be restricted within certain rather 
narrow limits. The outstanding example 
of this is that of an assemblage of 9 gen
era comprising some 27 species that form 
a compact morphological group whose 
members are more closely related to each 
other than to the species of any other 
genus in the lake. Although the members 
of this group show some very striking 
trophic adaptations, many of which are 
described elsewhere (Fryer, 1959), adap
tive radiation has in fact been rather re
stricted in that all these species are to a 
greater or lesser extent confined to rocky 
shores, most of them rigorously so, and 
very many of them take exactly the same 
kind of food, namely, algae scraped from 
the rocks.

Among these rock-frequenting species

identical food preferences are often ex
hibited both by the various members of a 
single genus and by .the members of sev
eral genera. For example, within this 
group is one genus, Pseudotropheus, com
prising 42 known species, of which at 
least 8 feed exclusively on lithophilic 
algae, as do members of the genera L&- 
beotropheus and Petrotilapia.

The same phenomenon is exhibited at 
a generic level by other fishes of the lake. 
For example the genus Rhamphochromis, 
with at least 8 species, consists exclu
sively of active piscivorous species that 
frequent open water just offshore. Simi
larly the 24 or more species of Lethrinops, 
though showing a certain amount of tro
phic diversity, seem to be confined to 
sandy shores, where they feed on benthic 
invertebrates, usually insect larvae. More 
ecological information on this genus is 
needed, but it can at least be stated that 
not a single species was found on a well- 
studied rocky shore in the northern part 
of the lake during a comprehensive survey 
of its fauna, though several species oc
curred on an adjoining sandy beach.

The genus Haplochromis, which has 
given rise to rather more than 100 species 
in Lake Nyasa does not, at first sight, 
appear to conform to the pattern de
scribed above, for its members have colo
nized a variety of habitats and have 
evolved widely differing specializations. 
However, within this genus, whose limits 
are at present somewhat vague and cer
tainly wider than those of most if not all 
other Nyasan genera, a certain amount of 
group-specialization of the type described 
above has taken place. This is shown 
most strikingly by an assemblage of spe
cies known collectively as the “utaka,” 
that have taken to feeding on zooplankton 
and that are so similar morphologically 
as to render identification of some species 
distinctly difficult. Mr. T. D. lies, who 
is making an intensive study of this group 
of fishes, has so far been able to recognize 
at least 16 species with certainty. He 
tells me that when his studies are com-
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plete this total will almost certainly be 
increased. I am most grateful to Mr. lies 
for this as yet unpublished information.

This type of radiation is quite different 
from that found in many other animal 
groups where, as in the passerine birds 
surveyed by Lack (1944), closely related 
species usually occupy separate habitats 
or regions or, if they co-exist, tend to take 
different foods. The latter type of radia
tion is indeed found even among the cich- 
lid fishes of African lakes, for Greenwood 
(1958) reported the existence among the 
70 species comprising the species flock of 
Haplockromis in Lake Victoria, of sev
eral morphologically similar species-pairs 
one member of which lives inshore on 
hard bottoms, the other offshore on soft 
bottoms, which implies that radiation took 
place by the colonization of new habitats 
during specific divergence. Such an evo
lutionary history during which the fishes 
radiated into a variety of habitats and be
gan to take different foods seems to have 
been tacitly assumed by theorists seeking

to explain the evolution of all the cichlid 
fishes of African lakes before sufficient 
ecological data were available. This, 
however, certainly does not apply to some 
of the rock-frequenting, algal-eating spe
cies of Pseudotropheus and allied genera, 
nor to some of the feeders on chiroriomid 
larvae among the sand-loving species of 
LethrinopSj nor to the numerous open- 
water plankton feeding “utaka,” of Lake 
Nyasa. It seems probable also that a 
similar speciation pattern to that shown 
by these cichlids of Lake Nyasa will apply 
in large measure in Lake Tanganyika, 
which is morphometrically similar to Lake 
Nyasa and has a basically similar cichlid 
fauna.

The type of radiation described above, 
while not unknown elsewhere in the ani
mal kingdom, seems to be distinctly un
usual and I know of no case so striking 
as the ones described. On the contrary 
cases are recorded where infraspecific 
taxa frequent different habitats. For ex
ample, there are prairie and forest races

GENERA SPECIES GENERA SPECIES

GENERA SPECIES

F ig. 3. Patterns of adaptive radiation. In each diagram the bands designated by the capital 
letters represent habitats : (A ) The type of adaptive radiation typical of many groups of ani
mals. (B ) Adaptive radiation as exhibited by certain cichlid fishes of Lake Nyasa. (C ) Adap
tive radiation as exhibited by a group of rock-frequenting cichlid fishes (thé “mbuna”) of Lake 
Nyasa.

of the deermouse Peromyscns manicu- 
latus.

(7) T he S ignificance of Lake 
Level Fluctuations

The level of Lake Nyasa is not stable 
but is subject to annual and longer-term 
fluctuations. Possible influences of these 
fluctuations on the evolution of fishes 
were suggested by Trewavas (1947) and 
by Lowe (1952), and further points are 
mentioned by Fryer (1959). A rather 
important point which has not yet been 
sufficiently stressed is the influence of 
these fluctuations on the basic food supply 
of the littoral zone which is, faunistically, 
both qualitatively and quantitatively the 
richest zone of the lake. On sandy shores 
Vallisneria and its epiphytic algal flora 
are the most important basic foods, at 
least in the northern part of the lake. 
Now sandy shores often shelve quite gen
tly near the shoreline then pitch -steeply 
downward. As was observed on one such 
sandy beach (Fryer, 1959), a fall in the 
lake level may result in a serious deple
tion of this food on the gently sloping part 
without any possibility of an equally pro
ductive flora developing on the steeper 
slope, because of the limitations imposed 
by depth on the photosynthetic activities 
of the plants. Such a state of affairs 
could lead to an intensification of compe
tition among the fishes utilizing these pri
mary food sources either directly or in
directly i to the elimination of the less 
successful individuals or species, or to 
migration, for which, under normal rela
tively stable conditions there is very little 
tendency among most species.
(8) P lankton F eeding and Shoaling 

in  N yasan F ishes

The adoption of plankton feeding by 
Nyasan fishes seems to have gone hand 
in hand with the habit of shoaling. This 
is readily seen by a consideration of the 
plankton-feeding fishes of the lake. The 
small cyprinid Engraulicypris sardella 
(Günther), which subsists entirely on 
plankton (including occasional gluts of

pupae of the midge Corethra edulis Ed
wards), is a good example, for where 
one specimen is found one usually finds 
thousands.
- Numerous cichlids exhibit the same 

phenomenon. The most striking case is 
provided by the complex group of Haplo- 
chromis species known in the vernacular 
as the “utaka.” All these appear to be 
plankton-feeding and shoaling species, yet 
none of the numerous other species of 
Haplockromis of the lake, which occupy 
a diversity of feeding niches, shoal.

A particularly instructive series show
ing how the degree of assumption of one 
habit is associated with a corresponding 
development of the other is that of the 
Tilapia species of the lake. Neither of 
the inshore species, T. melanopleura 
Dumeril and the endemic T. shir ana 
Boulenger, is a plankton feeder and 
neither shoals, but the endemic T. saka 
Lowe and T. squamipinnis (Gunther), 
which inhabit more open water and feed 
partly on plankton, show a marked tend
ency to shoal, while the truly open-water 
plankton-feeding T. lidole Trewavas 
shoals throughout life (Lowe, 1952, and 
personal observations).

A particularly pertinent case is that of 
Cynotilapia afra (Günther), whose phy- 
letic relationships are clearly with a group 
of littoral rock-frequenting fishes, none of 
which shoal. This species has taken to 
feeding on plankton but is still not eman
cipated from rocky shores (Fryer, 1959), 
yet, like the other plankton-feeding fishes 
of the lake, it shows a marked tendency 
to shoal.

To some extent this habit might be 
regarded as an example of ecological 
neoteny. This can be explained by refer
ence to Haplockromis khvinge AM. . In 
its very early stages this species is 
brooded in the mouth of the female par- 
ent, and a dense shoal of young at this 
stage of development has been watched 
in nature feeding on particulate matter, 
presumably plankton, while guarded by 
the female (Fryer, 1956). Later in life 
H. khvinge frequents rocky shores and,
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while more catholic in its tastes, still feeds 
largely on zooplankton (Fryer, 1959). 
At this stage it tends to move around in 
groups, though as its size increases still 
more and it becomes more omnivorous it 
tends to become solitary.

The phenomenon of a change in diet 
from plankton to some other food being 
accompanied by a breakdown in shoaling 
habits is not uncommon among freshwater 
fishes generally. In some cases the cessa
tion of shoaling is probably imposed by 
necessity when the diet is changed, for 
not all habitats could withstand the effects 
of large shoals of fishes demanding the 
same kind of food. The pelagial zone and 
the plankton which it produces impose no 
such limits and the habits of immaturity 
can be retained, as can the feeding habits.

A factor that is perhaps not uncon
nected with the maintenance of the shoal
ing habit but which, as is shown by the 
incipient shoaling behavior of Cynotilapia 
afra, has probably contributed but little 
to its evolution, is the tendency for shoal
ing species to congregate at certain points. 
In Lake Nyasa echo sounding has re
vealed the existence of shoals of plankton- 
feeding Haplochromis in areas where sub
merged rocks approach the surface and 
where the African fishermen say there are 
currents. Similar echo traces involving 
plankton-feeding fishes are obtainable in 
comparable situations in other African 
lakes (e.g. see Capart, 1955). This seek
ing out of particular areas where plankton 
is presumably obtainable with a minimum 
of effort will tend to concentrate pelagic 
fishes and thus reinforce the shoaling 
impulse.

(9) T he Importance of Mouth- 
Brooding A mong the 

Cichlid F ishes

The presence of very dense populations 
of fishes in the littoral zone of Lake 
Nyasa and particularly on rocky shores 
(Fryer, 1959), considered in conjunction 
with aquarium observations which have 
shown that even the herbivorous members 
of these communities eagerly devour eggs

and young of their own and other species 
when opportunity offers, suggests that 
considerable advantages are conferred on 
those species which brood their eggs and 
young in the mouth; that is on the cich- 
lids. Indeed it is difficult to conceive of 
unprotected eggs shed on a rocky shore 
surviving for more than a few minutes 
unless secreted in inaccessible crannies. 
Fishes that produce such eggs are there
fore virtually precluded from breeding 
in this habitat, and in fact of the six 
non-cichlid species that frequent rocky 
shores in the northern part of the lake 
during the whole or part of their life 
history four are either definitely known 
to breed elsewhere or are suspected of 
doing so. Of the other two Mastacem- 
belus shirana Günther is a small skulking 
fish of eel-like form that inhabits cracks 
and crevices inaccessible to other species 
of the habitat, and may well deposit its 
eggs in such situations. The breeding 
habits of the other, Labeo eylindricus 
Peters, are not yet known, but other spe
cies of this genus both in Lakes Nyasa 
and Victoria ascend rivers and streams 
to spawn (Lowe, 1952; Fryer and White- 
head, 1959).

The same state of affairs holds good 
for certain other habitats such as sandy 
shores for, as shown in (3), the number 
of species per habitat is high, though per
haps nowhere are the difficulties attendant 
on “free spawning” so great as on rocky 
shores. As on rocky shores some of the 
non-cichlids of sandy shores, e.g. Labeo 
mesops Günther, are known to run up 
rivers to spawn.

Relevant to this matter is the fact that 
at present many of the non-endemic spe
cies of the Nyasa basin, which are almost 
always non-cichlids, are, as Jackson 
(1955) has pointed out, confined to riv
ers, lagoons, and other situations fringing 
the lake, and can scarcely be considered 
as truly lacustrine. Even though the 
breeding habits of these species are often 
unknown one can at least be sure that 
they are not mouth-brooding fishes.

It is also interesting to note that the
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two cichlid species of thé Nyasan area 
which are not mouth brooders, namely 
Tilapia melanopleura Duméril and T. 
sparrmani A. Smith, which, by virtue of 
their wide distribution in Africa, must 
be regarded as very successful species, 
have met with little success in colonizing 
Lake Nyasa. T. melanopleura occurs only 
in certain weedy lagoons connected with 
the lake and in small numbers in a few 
sheltered regions of the littoral zone, and 
T. sparrmani occurs only in lagoons and 
rivers and has not been recorded from the 
lake proper. This of course may be due 
in large part to the lack of suitable habi
tats for these two species in the lake, but 
more significant is the fact that it is not 
from such egg-guarding species but from 
those forms which developed mouth- 
brooding that the cichlids which, occupy 
the various habitats of Lake Nyasa today 
have been derived.

Such facts as these point to mouth- 
brooding as having played an important 
part in the biological success of the cich
lids of Lake Nyasa. They also go a long 
way towards explaining why some of the 
habitats of the lake can support dense 
sedentary populations of fishes and why 
these populations are composed largely 
of mouth-brooding cichlid fishes. -

(10) Brood Size, Egg Size, and
H abitat A mong the Cichlidae

Data concerning the size of the brood 
produced by the Nyasan cichlids are still 
too scanty to permit the making of many 
deductions, but in view of the interest 
recently aroused by Lack in the ecologi
cal and evolutionary significance of allied 
phenomena, and particularly in the clutch 
size of birds and the litter size of mam
mals (see Lack, 1954, for review), brief 
mention of one point is merited.

The habitat in which most predation on 
the very early stages of development is 
to be expected is that in which the popu
lation density is greatest ; that is, on rocky 
shores. Under such conditions selection 
may be expected to favor those species 
producing a few large eggs which can be

brooded until the young have attained a 
relatively large size. It is quite conceiv
able that survival will be greater in small 
broods that receive prolonged protection 
than in larger broods that are liberated at 
an earlier and more vulnerable stage of 
development—a state of affairs analogous 
to the often greater survival of young 
from small than from large clutches of 
eggs in birds because of the inability of 
the parent to feed more than a limited 
number of chicks. It is interesting there
fore that available data suggest that the 
group of genera of fishes most character
istic of rocky shores (the “mbuna”) pro
duce the smallest number of eggs per 
clutch of all the Nyasan cichlids and, 
furthermore, these eggs are both rela
tively, and apparently absolutely, larger 
than those produced by the often larger 
cichlids of other habitats (Fryer, 1959).

Data on the brood size of the cichlids 
of other habitats, while scanty, indicate 
that, in general, broods are larger than 
in the rocky-shore species. For example, 
the figures given by Lowe (1955) for the 
number of ripe ovarian eggs produced by 
three closely related endemic species of 
Tilapia indicate that in these species, 
which live under much less crowded con
ditions than do the rocky-shore species, 
the number of eggs brooded is, at a con
servative estimate, upwards of six times 
the number brooded by the rocky-shore 
species.

General observations on cichlids fre
quenting sandy shores, where populations 
are less dense than on rocky shores, but 
where the young are more exposed to 
predation than are the young of some of 
the species of Tilapia mentioned above, 
which brood their young among weeds, 
suggest that these species produce more 
eggs than the former but less than the 
latter, but more details are required.

The above data, while highly suggestive 
of an adaptive correlation between egg 
size, brood size and habitat, require fur
ther elaboration, particularly where com
plicating factors have to be considered. 
For example, in Tilapia lid ole Trewavas
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a few young are retained to a large size, 
presumably with the shedding of many 
smaller individuals—a fact perhaps in
dicative of a recent change to more open- 
water brooding conditions than those 
experienced by its relatives, and of incom
plete adaptive changes to these conditions.

(11) T he Importance of Speciali
zation in  Intralacustrine

Spéciation

Freshwater fishes are, in general, rela
tively unspecialized. This can be cor
related with the transient nature of most 
freshwater environments (Larkin, 1956). 
Two aspects of this lack of specialization 
are an ability to exist under a wide range 
of environmental conditions (e.g. see any 
general work on British freshwater 
fishes) and the capacity of many species 
to utilize a wide range of foods (e.g. see 
Hartley, 1948). By way of contrast, 
many of the fishes of Lake Nyasa are 
extremely specialized for life in one par
ticular environment and especially for the 
collection of one particular kind of food. 
This specialization seems to be intimately 
bound up with spéciation. The relative 
permanence of certain environments in 
the lake is an incentive to specializa
tion: the more specialized a species be
comes, the more successful it is likely to 
be in a particular environment. Perhaps 
even more significant from an evolution
ary point of view is the fact that the more 
specialized a species becomes, the more it 
becomes restricted to a particular envi
ronment and the less likely it is to venture 
into habitats to which it is ill-adapted. 
In other words specialization has led to 
the state of affairs described in detail 
elsewhere where most species exist in 
numerous discrete, isolated populations of 
various sizes—ideal conditions for the 
operation of allopatric spéciation.

Summary

A number of facts and speculations re
lating to evolutionary phenomena within 
the basin of Lake Nyasa are put forward.

It is shown that, in spite of its great

size. Lake Nvasa does not provide eitW 
a great diversity of habitats or of differ
ent foods for the fishes that exhibit fa  
most striking speciation of all the groups 
lnjhfijake. Thus neither the existence 
of many habitats nor of a wide choice 

~bf foods can be called upon as means* 
whereby this speciation could^lmve been 
accomplished?—^

The great size of the lake, enabling 
isolation by distance to become 
is believed to have played an important 
parLjn permittingthe evolution of nn-~ 
nif,roii£..nspeetegr

V arious n q p p r f p t w lat inn( supple.
m entinr ev idenr^pr-e^de*^ 
suggest_J ;h a t. ro n trai=¥* H * r^ ^
W orthington^ 
predators fariUtotpri n 
speciation— i

Although the cichlid fishes fill numer
ous niches, adaptive radiation has been 
restricted in that groups nf rplptprj gpprifg 
or even genera^freqnent-1y co exist in the— 
same habitat and often utilize similar 
foods. Examples of this type of radiation 
are given and comparison is made with 
the adaptive radiation more usually found 
elsewhere in the animal kingdom.

Some new considerations, in addition 
to those already put forward by previous 
students of the lake, indicate that lake- 
level fluctuations have tiad a bearing on,/ 

'Tfie^speciation of thejfisj^T~
Tag evolution of plankton-feeding 

among the fishes of Lake Nvasa seems 
to have been invariably accompanied by 
the adoption ot the shoaling habit. Ex- 
iamples"of this, including an Incipient case, 
are given. The suggestion is put forward 
that the shoaling-hahit is an example of 
“ecological neoteny.”

The fishes showing the most remark
able speciation in the lake are those of 
the family Cichlidae whirh, with only two 
known exceptions, neither endemic, are 
mouth-brooders. T he habit of mouth-, 
brooding is believed'tn have been im p or? 
tant in the evolution of th e  
species, and in permitting their co-exist
ence in dense multispecific populations.
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preliminary data suggest a distinct cor
relation between the size of the eggs pro
duced, the number of young brooded by 
the female, and the habitat frequented by 
any given species of cichlid fish. Those 
species living in the most densely popu
lated habitats produce few large eggs and 
rear small broods of young to a relatively 
large size, while species in less densely 
populated habitats produce larger num
bers of relatively smaller young from 
smaller eggs.

Relatively stable conditions prevailing 
over a long period of time have apparently 

<1»trmntferi"T3rmc to specialization To
Tfig-flfsfies of Lake~Nvasa such as is absent 
irTm ost lakes which, geologically spealc-
ingThaveTmTa^hort■■ life-span*

conse-
restne-tiny individual species to 

I^Tdefinite habitats, thus rendenngjso^ 
laFmn o? nonulations^
Tiers of unsiiitable terrain an.£aaunattet. 
^hch conditions have been conduçiyejo  
 ̂allopatric speciation
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Fig. ■■ numbers of (a) mature-mated, (b) mature-unmatod and (c) immature
slugs collected in 1958.

were beginning to  disintegrate showing th a t the intensity of mating was then 
starting^ to wine. Unfortunately the dissections of this epec.es were not 
started until May, but the young began to be collected mJ eb™ ^ d 
hatched specimens were never collected. Only one mated individual t as 
found between May and the end of August. I  suggest that this species hatches 
in early spring, grows throughout the summer to become mature and mates m 
September, October and November. Egg-laying starts during these three 
months, after which the adults presumably soon die.
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A clear distinction must be made between the intralacustrine speciation shown by 
some groups of African cichlid fishes and the simple specific proliferation shown by others. 
The former phenomenon is exhibited by several genera but hardly at all by the genus 
Tilapia,

Inshore dwelling habits and an algal diet have not had restrictive effects on speciation. 
In fact it is among inshore species that speciation has been most active.

While, partially by exploiting their small size, genera which have given rise to the 
endemic species flocks of the great lakes have become highly specialized for the exploita
tion of specific niches, the species of Tilapia have usually remained forge and unspecialized 
and therefore capable of existing in a variety of environments.

Further consideration of the effects of predation supports the idea that it has 
accelerated rather than retarded the process of speciation.

I f  certain conditions are fulfilled, closely related species can co-exist throughout life 
in one habitat, eat the same kind of food and breed in close proximity to each other.
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INTRODUCTION

The existence of remarkable assemblages .of cichlid fishes in African lakes 
has encouraged a number of zoologists to speculate on various aspects of their 
evolution. Although more and more concrete information on the biology 
of these fishes is now coming to hand full agreement has not yet been reached 
on several points. Thus a recent paper by Lowe (McConnell) (1959), which 
gives a valuable summary of certain aspects of the biology of members of the 
genus Tilapia also makes a number of suggestions with which other students 
will be unable to agree. Some of these points are discussed in the following 
Paper which, it should be clearly understood, does not purport to level criticism 
at Lowe s factual data but only at certain of her conclusions.

»Present address : Freshwater Biological Association, Ferry House, Far Sawrey, 
Westmorland. '



INTRALACUSTRINE SPECIATION AND SIMPLE SPECIFIC PROLIFERATION 

I t  is perhaps unfortunate from the point of view of the student of evolution 
in African lakes that so much attention should have been directed to the 
genus Tilapia, for conclusions drawn from the study of this genus can be
misleading if applied to other African cichlid fishes. The evolutionary historv 
of the genus Tilapia is in fact quite different from that of and
the other genera which constitute the species flocks of the great lakes. Thus 
although several lakes are inhabited by endemic species of Tilapia in only 
one, Nyasa, is there any suggestion of that intralacustrine spéciation for which 
several other cichlid genera are so renowned. The occurrence of endemic 
species with little or no intralacustrine spéciation—the almost inevitable 
result of geographical isolation—is not particularly remarkable and is in fact 
to be seen in several other genera of African fishes. In Lake Nyasa, where 
some intralacustrine spéciation has taken place in the genus Tilapia, the 
resulting species flock comprises only four species, a fifth endemic species 
T shirana Boulenger, being obviously of different ancestry. This state nf 
affairs compares strikingly with the situation in which W  mV»»
rise to about seventy species in Lake Victoria and more than a, hnnHrwl 
Lake JNyasa, and with genera such as Lethrinops with twenty-four 
species and Lamprologus with thirty-four species in Tanganyika The snecia- 
tion to which Lowe refers when she speaks of the extensive sneciation of the 
Maternal blooding species of the genus Tilayia is surely nothing morriha.7
the|..f0rf laI -Pr0liferati0n ° f sPe-^A  which one expects in a successful and 
wmeiy distributed genus and is a quite different phenomenon from that, whieh 
has attracted so much attention to African lakes. Specific proliferation of 
the type shown Dy TilapVa Is for example exhibited in an equally or more 
striking manner by several genera of African fishes, such* as 
Marcusenius and other mormyrid genera, by Alestes and Di.stichodus among 

the characins, by the silurid genus Clarias, and by cyprinid genera such as 
eo, Barilius, and particularly Barbus, none of which incidentally, are 

mouth brooders. Failure t,n /hflWpnt.;f t e clearly between these two types 
of spéciation phenomena makes it difficult to understand the nf
statements to the effect  that some groups of Tilapia have undergone “ extensive - 
spéciation ” (p. 9) and that others “ have not speciated ” (p. 11).

DIET, HABITAT AND SPECIATION

Lowe repeatedly mentions the advantages of open-water habitats to which 
she thinks that mouth-brooding species are pre-adapted, and suggests that 
both inshore-dwelling habits and an algal diet have acted as brakes to spéciation 
(pp. I l ,  12, 16, 17, 20, 26). So far as the genus Tilapia is concerned she to a 
large extent equates the frequenting of inshore habitats with the habit of 
substratum spawning (though later, p. 11 , she extends this argument to 
inshore-dwelling mouth-brooders) and believes that because this group is 
confined by feeding and breeding habits to shallow waters its opportunities for 
spéciation have been restricted. That mouth-brooding has advantages in 
African lakes and has been important in permitting intralacnstrinn sppniation 

denied, but the reasons for my adherence to this vinw arn not those

qrivanced bv Lowe and are recorded elsewhere (Fryer 1959 bL I t is quite 
as Lowe points out, that the inshore-dwelling species of Tilapia, both 

substratum spawners and mouth brooders, have' not undergone intra-lacustrine 
spéciation in African lakes, but this does not mean tha t'the  inshore habit is , 
itself a brake on spéciation. On the contrary it is just those species of cichlid ■yQf  
fishes of other genera which live in the littoral zones of the great lakes that have 
Tmdergone intralacustrine spéciation to the greatest, extents No one denies 
tHF^iHvantages of an open-water habitat—advantages which have been 
exploited by eichlids other than species of Tilapia, e.g. the Haplochromis 
species of the “ Utaka ” group in Lake Nyasa—but to claim that inshore ^  
conditions are less favourable to spéciation than are those prevailing in open "  

is to ignore an overwhelming mass of evidence to the contrary^
The fact that a species is restricted to inshore waters does not necessarily 

mean, as Lowe seems to imply, that it is not a successful species nor, incident
ally, as she infers in the case of T . tanganicae (Günther) in Lake Tanganyika, 
that it is kept there by predators, of which more anon. I t  is axiomatic that 
a species is in most respects well adapted to the habitat in which it occurs, and 
ffiêlac tth a t some species of Tilayia are undoubtedly succesBfuLasJbeqHenters 
of opemwater should not be allowed to obscure the fact that other habitats 
nffcr a lte rn a tiv e  advantages, or that the species of Tilayia concerned» ecologic
ally euryvalent though they may be. may not possess all the requisite adapta- 
HonsTnecessarv to p e rm it t h ^m t,n exploit open-water conditions. (See also

P 572*\ d n  tin t  n r rrntnrinn and mor~ - r — firn Y ]orfllr dipt h** had 
restrictive effects on speciation^in the genus Tilapia is suggested by Lowe. 
fflv own studies on a groupof endemic rock-frequenting cichlid fishes of Lake_ ( 
Nyasa have shown that such a diet is no disadvantage for no fewer than eleven 
"closely related and co-existing species subsist largely or entirely on algae 
¿rowing on rock surfaces, as do two other H chliafishes of the genus 

Jiaplnrhromis which occupythe same general habitat (Fryer 1959 a). Neither, /l, 
the inshore habit nor an algal diet has prevented TKe development of this 
species flock which is in fact one of the most striking of all known examples of 
intralacustrine spéciation. Data given by Poll (1956) on the gut contents 
oTmembers of a group of Tanganyikan cichlid fishes with similar habits but 
with an independent evolutionary history suggest that here too an algal diet 
has by no means restricted spéciation.

Most fishes tend to be carnivorous and the assumption of an algal diet 
may in fact have been an important evolutionary step in the history of these 
cichlid fishes and one which opened up a new series of niches for colonization.
This seems to be the case in the rock-frequenting species mentioned above 
(and in the wider sense of the term spéciation, in the genus Tilapia itself) 
and in the case of another group of freshwater organisms which shows several 
interesting parallels to these fishes, namely the cyelopoid copepods whose basic 
feeding mechanism is obviously that of a carnivore (Fryer 1957 a) but of which 
many species are now algal feeders (Fryer 1957 b). ^Although they seem to be in 
some ways not fully adapter! to a. vegetarian diet it is those genera which comprise ^  
the algal eating species which now contain the largest number of species.

P.Z.S.L.— 135 38



Although the suggested reasons for the lack of intralacustrine spéciation 
in the genus Tilapia adduced by Lowehave been rejected it seems possible~to 
point to an explanation of this phenomenon. The answer would appear to 
lieTn the unspecialized nature of the genus. All species of Tilapia are very 
much alike, and trophic specializations—so important in the adaptive radiation 
oi Atncan cichlid fishes—seem to be confined to two types, weed chopping and 
Æae particle ieedxng. m e  latter habit can enable its possessors to feed on 
"either bottom material or on phytoplankton and some species at least are 
facultative feeders utilising whichever of these two sources of food is most 
readily available. The unspecialized nature of several species is revealed by 
their wide geographical distribution within which they frequent habitats of 
considerable diversity ; the great tolerance of several species in the latter 
respect being in large measure a reflexion of feeding habits, for few habitats 
lack organic bottom detritus. Lowe refers to the wide distribution of some 
of the substratum spawners, but certain mouth-brooding species such as 
T. galilaea (Artédi), T. nilotica (L.) and T. mossambica (Peters) are also wide 
ranging species. T. galilaea has a range extending from Senegal and the 
Gambia, through the Niger and Volta, and much of the Nile system to the 
Jordan Valley, while T. nilotica covers much the same area but also extends 
further south into the Congo system. Within this vast range both species 
frequent both riverine and lacustrine habitats. The adaptability of many 
species of Tilapia to fish-pond conditions and the way in which introduced 
species often establish themselves in new environments also reveals the un
specialized nature of members of this genus. The importance of specialization 
in spéciation in African lakes has been pointed out elsewhere (Fryer 1959 b) 
and it is an incontravertible fact that the vast majority of the endemic cichlids 
of the great lakes are highly specialized for life in one particular environment. 
One could not, for example, conceive of any of the rock-frequenting species of 
Lakes Nyasa and Tanganyika existing under the range of ecological conditions 
tolerated by T. nilotica.

Another difference between the genus Tilapia and those genera which 
have undergone much intralacustrine spéciation, and one which to a large 
extent reflects the unspecialized nature of the former and the specializations 
of the latter, is size. Almost without exception members of the genus Tilapia 
are larger than are members of the species flocks of other cichlid genera. Now, 
Hutchinson (1959) has recently demonstrated that small size, by permitting 
animals to become specialized to the conditions offered by small diversified, 
elements of the environmental mosaic, permits a degree of diversity quite 
unknown among groups of larger organisms. (See also Hutchinson & 
MacArthur 1959). Few groups can provide a more elegant demonstration of 
this principle than these cichlid fishes. /

The larger size of the species of Tilapia which have colonized the lakes must 
also to a large extent render them immune from the effects of predation which 
I  believe to have been a stimulus and not a brake to spéciation in their smaller 
brethren (see below). Some predation can of course be expected during the

growth of Tilapia esculenta Graham are at all typical of the genus as a whole— 
and the indications are that some species grow more quickly than this one—then 
after one year’s growth, by which time they have achieved a length of some 
15 cm., individuals of this species are already larger than the adults of many 
other lacustrine cichlids, and after two years, when they have grown to a 
length of about 19 to 21 cm., they are too large to be eaten by many predators.

During the evolutionary history of the African cichlids therefore it would 
appear that, in general, the lacustrine forms have specialized for life in certain 
environments while the genus Tilapia has adopted the alternative evolutionary 
possibility and has remained unspecialized. While the taking of the latter 
course has necessitated forfeiture of the opportunity of undergoing great 
adaptive radiation in the lakes it has paid dividends in other ways and has 
given rise to several adaptable, highly successful, and wide-ranging species.

THE EFFECTS OF PREDATOR S— A  SUM M ARY OF R EC EN T E V ID E N C E

Lowe also enters the controversy regarding the effect of predators and 
takes her stand alongside Worthington who believes that the existence of 
predators, particularly Lates and Hydrocyon, has had a restrictive effect on 
intralacustrine spéciation. Several papers relevant to this controversy were 
in the press at the same time as that of Lowe and all contain either factual 
or theoretical evidence, or both, which is opposed to this view.

A mortal blow has been dealt to this theory by the discovery of fossils of 
Lates in Holocene deposits from Lake Edward (Greenwood 1959 b). This 
means that, contrary to Worthington’s view, Lates and the speciating 
Haplochromis flock of Lake Edward co-existed until very recent times. Even 
after taking into account extenuating circumstances, to which Greenwood 
gives full consideration, such as the fact that the Lake Edward cichlids were 
apparently derived from partially specialized ancestors from Lake Victoria, 
the blow to Worthington’s hypothesis is a telling one.

Other facts, derived from work inJLake-Nvasa, which-euggeskfrhat predators 
have hastened  rather than retarded spéciation, have been given in some detail 
elsewhere (Fryer 1959 a, 1959 b), and a very similar conclusion, at least in so 
Tar finruw na thft part, p la y ed by predacious gppnifts in keeping the population 

j lensity of the prev speclesVt a level Jow enough to prevent much interspecific 
Competition and, by inference, preventing the eHminatioxi.Qf speciesLjhaaiieen^ 
reached independently by flrppn (iQKQ p.)_a.n.a. result, of his studies on_the 
Haplochromis flock of Lake Victoria. Details of these studies need not be 
repeated here, but the evidence adduced by Lowe in favour of Worthington’s 
theory must be dealt with.

First she repeats Worthington’s idea that “ incompletely adjusted forms ” 
will be selected against when predation pressure is high, and that abnormal 
forms occur more often in the Lates and Hydrocyon—free lakes, Victoria and 
Edward, than in Lakes Albert and Rudolf in which these predators occur. 
As pojja.frrl rnif, rwWwl^rPj fl?ryp/r 1959 b) the elimination of the unfit  is an 
accepted process of evolution and will favour spéciation and not retard it^ 
The removal of malfomedlndividuals. of whose incidence morg precise data



are required before they can. be regarded as significant, would have this 
beneficial effect on speciation.

Lowe then refers to the fact pointed out by Fryer & lies (1955) that Lake 
Nyasa, although lacking Lates and Hydrocyon, has many predators, both 
cichlid and non-cichlid. She rightly points out that the predatory cichlids of 
the lake tend to be small and that Bagrus and the clariids (some, formerly placed 
in the genus Ciarías, now being referred to the endemic genus Bathyclarias (Jack- 
son 1959)), which are among the most important non-cichlid predators of the 
lake, appear to be “ lurking ” rather than “ sw ift99 predators. I t  may appear 
intuitively obvious that such predators are of less significance than the very 
obviously piscivorous Lates and Hydrocyon, but consideration of concrete data 
reveals that the above facts in no way minimise the importance of these fishes as 
predators. Thus the species of Rhamphochromis, while relatively small, are 
quite large enough to prey heavily on other cichlids, many species of which 
never achieve a total length of 20 cm. In the case of Bagrus and the clariids 
the way in which the food is obtained is quite irrelevant* ; the important 
thing is that members of these, and other genera, do undoubtedly prey heavily 
on cichlid fishes. Thus a very large body of data concerning the food of 
some three thousand specimens of Bagrus meridionalis Günther, which con
clusively demonstrates its predatory nature, has recently been collected and 
prepared for publication by Mr T. D. lies.

The same is true in Lake Victoria where species of Bagrus and Ciarías are 
similarly important predators and from which lake precise data relating to 
the food of large numbers of these fishes are now available. Thus in this lake 
Corbet (1959) has shown that of a sample of more than a thousand specimens 
of Bagrus docmac Forskál more than 78 per cent had fed on cichlid fishes, 
and that even this total was probably lower than the true figure because a 
small proportion of fish remains could not be identified with cértainty. 
Similarly over 80 per cent of almost four hundred specimens of Clarks 
mossambicus Peters were shown to have fed on cichlid fishes. That both these 
species, and particularly B. docmac, are abundant in the lake is readily shown 
by examination of figures for fish landings in 1957 recorded by the Lake 
Victoria Fisheries Service (1958). These figures show that about half a million 
Bagrus and a smaller number of Ciarías passed through the recording stations 
(which by no means record all landings), and that members of these two 
genera comprised some 12 per cent of the total recorded commercial catch 
made in gill nets of 4 inch mesh and above in both the Kenya and Uganda 
waters of the lake, and that in Tanganyika waters their contribution to the 
total catch in this range of nets was as high as 85 per cent! Approximate 
though these figures are and biased as the figures for Tanganyika waters 
be by the locations of the sampling stations, it is obvious that to argue tha

♦One way in which these “ lurking ” predators may find it possible to capture active pre> 15 
by being active at times when the prey is “ sleeping ”. This happened in an ornamental ^
into which I introduced juvenile specimens of Tilapia variabilis Boulenger and a young C 
mossambicus Peters. By day all was well but at night, when the y o u n g Tilapia rested, hav ̂  
was caused by the Clarias. A similar fate befell specimens of Lebistes which definitely |  sJeeP̂  
at night, though by day their nimbleness was such as to enable them to evade the young C or

«reflation of this order of magnitude is less important than that exercised by 
gshes which to the popular imagination are better suited to the role of predator 
is to ignore a mass of concrete data.

n f interest too in the present connexion is the fact that Corbet s figuigit,
[ . * +w  Pr ,r ,o nnrl pre w a r moreJifiayilv on Haylochromi:sLhm.m.
‘ in Lake V icto ria  vet it is the former and not the latter genus which
; exhibits int.ra.lacustrine speciation. These data lend support to the

IdeaTexpressed elsewhere that predation favours and does not retard intrala-
custrine speciation. ' . .

Lowe also refers to the fact that in Lakes Albert and Rudolf, in both of 
which are found Lates and Hydrocyon, the species of Tilapia present (none of 
them endemic) frequent inshore waters (as does .T. tanganicae in Lake 
Tanganyika mentioned above) whereas in lakes lacking these predators they 

I have open-water living phases. Apart from the fact that this is not true for 
T. nilotica in Lake Edward this explanation cannot be accepted without

I question. In Lake Edward, which contains neither Lates nor Hydrocyon, t Lowe herself (Lowe (McConell) 1958), quoting Worthington who presents 
data which flatly contradict his theory, states categorically that “ the typical 
habitat [of T. nilotica] is the comparatively shallow inshore water ” and that 
“ this species does not occur in the deep water of Lake Edward except occasion- 

I ally at the surface” . A partial explanation of a different kind has been 
mentioned above (p. 571) but it might be noted further that general ecological 
conditions reflecting the morphometric characteristics of the lake should not 
be overlooked as factors influencing intralacustrine distribution. In  the 

1 southern part of Lake Nyasa Tilapia of the saka-squamipinnis group frequent 
open waters and feed by preference on phytoplankton (Lowe 1952) but in the 
north, where more precipitous shores prevail, they are found inshore and feed 
on material accumulating on the bottom (Fryer 1959 a). These differences in 
ecological distribution obviously reflect lake morphology and have nothing to 
do with the presence or absence of Lates and Hydrocyon. There is indeed a 
world of difference between, for example, Lakes George and Albert, and it 

! would be a very credulous ecologist who would expect that a given species 
would have the same sort of distribution in each of these basins.

Relevant to this too are some of Lowe’s own observations on T . nilotica. 
This fish has been introduced into several small predator-free lakes to which 
it is not indigenous and in these its distribution, to use Lowe’s own words,
“  depends on the ecological conditions ” . In  some lakes it is evenly distributed,
as in Lake George ; in others it occurs in localised areas where there are stands 
of aquatic plants (Lowe (McConnell) 1958).

Furthermore, one would expect on a priori grounds that phytoplankton 
feeding fishes would exhibit a preference for inshore rather than offshore waters 
in African lakes, for it is in inshore waters of all save the smallest and shallowest 

! lakes that the greatest concentrations of phytoplankton are to be found 
(Ross 1955). I t  is also important for those unacquainted with African lakes 
to realise that, no doubt in part as a consequence of the above fact, ̂ some of 
the so-called open-water species are certainly not pelagic in the way in which 
are fishes of the open seas but are in fact confined essentially to inshore waters.



This applies, for example, to T . esculenta Graham and T. variabilis Boulenger 
in Lake Victoria—a lake lacking Lates and Hydrocyon. Work from the time 
of Graham’s survey some thirty years ago to the present has shown that, save 
in closed gulfs and sheltered regions where offshore islands occur, T . esculenta 
is seldom found more than five miles off shore and even in the most sheltered 
regions is seldom or never found more than twenty miles from land. Similarly 
T . variabiliSy while exhibiting rather different ecological preferences, is also 
concentrated in a relatively narrow belt of inshore water.

I t  must also be pointed out that those who would argue that predators 
serve to restrict other species to inshore waters are thereby surely damaging 
their own case for the restrictive effects of predators on speciation, for it is 
species which, ara so ftftnlogicallv restricted which, in spite of what may have 
been said to the contrary, have nr>rWorone the most abundant speciation 
thegreatT lakes.

As a further point held to be evidence of the importance in this connexion 
of Lates and Hydrocyon Lowe refers to the fact that in Lakes Albert and 
Rudolf “ the fish of many genera are much larger than their counterparts in 
the other lakes and the Tilapia tend to have longer stronger spines” . Of 
the reasons which could conceivably be responsible for this the effect of 
predators is only one and the suggestion would appear to be quite incapable of 
proof. The fact that Lowe refers to genera and not to species also betrays a 
further weakness in the argument. Thus T . melanopleura Dumeril is much 
larger than T. sparrmani A. Smith but one cannot say why save that the 
difference is genetical. Even if identical species were involved or implied 
the argument would be false. This is adequately demonstrated by the widely 
divergent growth patterns of any of several species of fishes when grown in 
different types of fish ponds.

As to stout spines, the strongest I  have seen in any species of Tilapia are 
those of a species now being studied which inhabits Lake Kitangiri in Tangan
yika Territory. If, as I  believe, this has nothing to do with predation, then 
the suggestion made concerning the stout-spined specimens from Lakes Albert 
and Rudolf loses much of its weight. If, on the other hand, there is a con
nexion between stout spines and predation, then other predators must exert 
similar effects, because of predacious species only Clarias and Protopterus (a 
“ mild ” predator) occur in Lake Kitangiri.

R EPRO DUCTIO N A N D  ECOLOGICAL ISOLATION IN  R EL A TE D  SPECIES  

An interesting fact discovered by Lowe is that, in Lake Nyasa, while three 
very closely related species of Tilapia feed together on the same food they 
breed in different situations and at different times of the year. However^jiUi 
misleading to think that this type of behaviour, which to a large extent parallel^ 
that o f certain birds. is~"essential lh order 10 permit closely related and fre
quently meeting species to remain distinct as Lowe suggests. On the contrary 

is possible toF species to live together and to breed in clogA prnyimity to. 
each other at all times of the year and yet remain distinct : and it is surely 
in sucTTcases, of which the rock-frequentmg JNyasan cichlids are an outstanding^

example, that differences in breeding behaviour patterns, to our knowlcd/w qf 
which Lowe has herself made Significant contributions, become supn mt ^  
Important. Instead of saying, as does Lowe, that “ ecological isolation 
not, however, be complete throughout life ” one is tempted to go so far nn fa 
say that ecological isolation need not exist provided that food is superabun<|{*f»b 
(as seems often to be the case among feeders on both lithophilic and planktonic 
algae), that the population density is controlled by predators or some ofbfcr 
means, and that different species have different patterns of breeding behaviour 
(particularly courtship, as may be deduced from the striking and 
colour patterns of the males) which assist in the maintenance of internjxy/dic 
sterility barriers. Here again the small size of some of the cichlids exhibiting 
these phenomena may have been important in permitting them to split up far 
breeding purposes one major habitat and to do so to such an extent that it 
has so far proved virtually impossible to discern differences in the fcerrh/^feg 
selected by the males of closely related and co-existing species.

SUM M ARY

Some controversial topics relating to the evolution of cichlid fishes in 
African lakes are discussed and certain recently published suggestions Are 
refuted. I t  is shown that a clear distinction must be made between f he 
phenomenon of intralacustrine speciation as shown by several cichlid genera 
and that of mere specific proliferation as shown, save to some extent in Like 
Nyasa, by the genus Tilapia. Failure to differentiate clearly between t?,ese 
phenomena has led to considerable confusion in the past.

The recently expressed idea that inshore dwelling habits and an algal 
have had restrictive effect^ on speciation is shown to be unfounded. It #  
fact among the inshore dwelling species that the grea>tesLamount^ 
has taken place in African lakes,

Different evolutionary routes^ each of which has led to success, have 
taken by those genera which have given rise to the endemic species floc/u- f>f 
the great lakes, and by the genus Tilayia. The formerT partially hy exploring 

Their small size, have become highly specialized for life in one of several po^ihle 
environments and usually ioFthe collectiorTof one typeTof food. By com- ^ t  
the species nf T ü w jTri. ~ remained large ami vru
specialized, and this has enabled individual species to exist  over v-yie 
geographical areas in a variety of environments.

Recent views on the effects of predation on evolution in the great ¿¿tea 
are considered and concrete data having a bearing on this question are reviewed # 
This evidence very strongly suggests that the old idea that predators (of w,jch 
fishes other than Lates and Hydrocyon are shown to be important) have Had 
a restrictive effect on speciation, is unfounded. In fact a good case -eafibè 
made out for the reverse role—that of accelerating speciation—for these fiH'es.

I t  is emphasized that closely related species can co-exist throughout ;jfe 
in one habitaTTwliefe they may" even take the same iood and breed in v>ry 
dose proximity to each other, provided certain conditions are fulfilled. PHe 
importance under such circumstances of that part of the reproductive behayAur 
leading up to the shedding of gametes is emphasized.
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GENERAL INTRODUCTION
An essential prerequisite to an understanding of the biological cc01' 

of any body of water is a knowledge of the ecology and food requiremei - ^
the individual species of animals occupying the various habitats
provides. The present investigation has been directed towards an elu 
of these aspects of the biology of the animals comprising the W g »  
communities of a selected area of Lake Nyasa, at Nkata Bay ( '3*̂ . r
on the western side of the lake, approximately 150 miles from its i ^
extremity The selected area included both a rocky and a sandy s y
also a small, swampy, estuarine region. The data obtained from t i s ^  

en supplemented by occasional collections and observations made e

Mbuna and their
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The study demanded accuracy in the taxonomy of the fishes and involved 
the description of some new cichlid species and reconsideration of the validity 
of others previously recognised. Most of these results have been published 
elsewhere (Fryer, 1956a, 1956d, 1957a) and, with the earlier work of Regan 
11921) and Trewavas (1935), provide the taxonomic basis for this work so 
far as it concerns the cichlid fishes. The combined study of taxonomy and 
ecology inevitably leads to the development of views on the evolution of these 
lishes, and Part II  of this paper embodies the conclusions to which I have 
cuine on the nature and conditions of spéciation within a compact group of 
endemic rock-frequenting Cichlidae. I t  is published here because it is more 
easily followed with the help of the diagrams which illustrate Part I, though 
it is complete in itself and can be read alone by those who are chiefly interested 
In evolutionary phenomena.

PART I
THE TROPHIC INTERRELATIONSHIPS AND ECOLOGY OF SOME 

LITTORAL COMMUNITIES OF LAKE NYASA, WITH ESPECIAL
REFERENCE TO THE FISHES

- /
INTRODUCTION

The great depth and tropical setting of L. Nyasa, appear to result in the 
’ Wnee of any seasonal or even intermittent overturn. As a result the waters 
f t lie hypolimnion are devoid of oxygen, and a tremendous volume of water 
' 1 a vast area of bottom are placed out of reach of any save highly specialised 
’ aerobic organisms. Because of this the littoral region is of even greater 
' portance than is the case in many other lakes, both from a biological point 
l view and from the point of view of fisheries.

In spite of the enormous extent of the shoreline of the lake only two major 
" ) r<*s of shore are extensively represented, namely those which can be simply 
scribed as rocky, and sandy. Between them these two types probably 

npy well over 90 per cent of the total shoreline ; rocky shores predominating 
die north and sandy shores in the south. Other types of littoral zones do 

and of these swampy regions of relatively small extent, estuarine regions 
point of inflow of certain rivers and streams, and one other type described 
Probably embrace all those worthy of inclusion in a broad scheme of 

^iiieation such as is adopted here.
' *ew words about the fauna of L. Nyasa are necessary to put the present 

in* in its correct perspective. Its most outstanding characteristic is the 
** adaptive radiation shown by the fishes which has resulted in the evolution 

numbers of distinct endemic species, particularly in the family 
^iae. of which more than 180 species are now known to occur in the 

 ̂ ^uch radiation is shown also, but to a lesser extent, by other families 
as ^le Clariidae. Some groups of invertebrates such as the parasitic 
iKida and the Mollusca exhibit similar though usually much less specta- 
■ ^peciation, but on the whole the invertebrates do not appear to have 
“ J r-d endemic7 species to such an extent as is the case in certain other
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ancient lakes such as Tanganyika and Baikal. I t  is with some of the many 
endemic cichlid fishes that this study is largely concerned. •

The previous zoological work carried out in Lake Nyasa has been largely 
of a systematic nature, the only papers containing any real ecological informa
tion being those of Worthington (1933), Bertram, Borley & Trewavas (1942) 
and Lowe (1952, 1953). Of these Worthington’s paper, while mainly systema
tic includes notes on the gut contents of a few non-cichlid fishes, and certain 
deductions are made from this information. The report on the fish and 
fisheries of the lake by Bertram et al. gives much more extensive information 
of a similar nature, but is largely concerned with the fishes of most obvious 
economic importance. Lowe’s work was virtually confined to the genus 
Tilapia and is therefore of somewhat specialised interest. Practically nothing 
has been written concerning the ecology of the invertebrates of the lake. 
All in all, therefore, our previous knowledge of the ecology of Lake Nyasa must
be regarded as being rather scanty. . . . ,

Any value attached to the present study is of course, as m all ecological 
studies, dependent upon sound taxonomy. Even in the well worked temperate 
lakes however, the systematica of the larval and nymphal stages of many 
insects remain to be worked out, so it is inevitable that in a tropical lake such 
difficulties should be accentuated. In  trying to build up a general pic lire 
however, little is lost from an ecological point of view by referring to certain 
groups of animals as “ chironomid larvae ” , “ anisopterid larvae ’ , etc., when 
the food of the group as a whole is relatively constant and is assignable to a 
well defined type. Such a proceeding is at least as valuable and certain 
less misleading than a series of erroneous determinations. The number o 
species of invertebrates involved is, in any case, rather small and this ha- 
greatly facilitated certain aspects of the work. ' .

W hile th e  q u a n tita tiv e  app roach  has n o t been  en tire ly  ignored i 
p lay ed  a  subsid iary  role to  stud ies on  th e  n a tu ra l h is to ry  o f th e  spec» 
concerned. T he reasons for th is  are  tw o-fold. W hile i t  w ould  have bee - 
com para tive ly  easy  to  am ass num erical d a ta  i t  qu ick ly  becam e obvious >' 
such d a ta , re la tin g  as th e y  do to  a  very  complex com m unity  orgam sa i - 
w ould be o f on ly  d o u b tfu l value u n til  such tim es as th e  p a r t  p layed  
ind iv id u a l m em bers o f th e  co m m unity  h ad  been  accu ra te ly  detevm u - 
F u rth e rm o re , th e  techn ica l difficulties o f arriv in g  a t  an  estim ate ^
for in stance , th e  basic  p ro d u c tio n  ra te  of p la n t p ro te in  on th e  m uch ro ^  
rocky  shore w ere, u n d e r p revailing  circum stances, so g re a t as [ J g p j  
effort invo lved  incom m ensura te  w ith  th e  value of a n y  resu lts  obtaine

M ETHODS

Few specialised techniques have been employed. Fishes ffiave 
collected by various means. On the sandy shore a seme net and a 
mesh gill net have provided most specimens while a few have been < * 
traps. In the small estuary a seine net and trap, supplemented by ?  
baited hooks proved satisfactory. The rocky shore presented some di 
for, while a gill net could be used for collecting along the 
element of the fish fauna of this zone could not be sampled by this
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Vost fish were therefore captured by an ingenious local method. A short, 
quail meshed gill net operated by swimmers is set among the rocks and fishes 
are chased into it and gilled. Although the method cannot be regarded as 
being very efficient the dense fish fauna among the rocks and the skill of the 
bo vs operating the net resulted in it proving extremely useful.

\  special fine-meshed net, here referred to as a 44 carpet net B  was also 
constructed for sampling the fish fauna of the rocky shore. I t  was operated 
bv draping it over the rocks, allowing the fish to swim over it and lifting it, 

as to enclose the fishes present. While only moderately successful this 
ni>t facilitated the capture of some species not readily obtained by other 
means.

Other rock fishes were collected by stunning them with a bullet fired into 
i}iC water from a *303 rifle, while others were angled for by small boys armed 
with hooks and worms.

Invertebrates were collected by the usual methods.
One item of equipment deserves special mention. This was a glass-fronted 

mask which, when worn over the eyes, enabled many valuable underwater 
observations to be made on the fishes. This mask was worn both when
* dimming and when observations were made from the surface in a boat. Its 
value was greatly accentuated by the remarkable clarity of the water, especially
n the rocky shore, which enabled the fishes to be seen with extreme ease.

Special attention was paid to the detailed composition of the food of the 
various species studied, particularly as in the case of a few of the fishes only
* quail number of specimens could be obtained. Even in cases where abundant 
m iterial was available it was considered advisable to make a very thorough 
*-u<lv of the gut contents of a reasonable number of specimens rather than a 
' ‘re casual examination of a large number, especially in cases where the diet
* v very restricted. Even so well over 1,600 detailed gut analyses were carried

on the fishes alone within the confines of the area under consideration, and 
■ v;iv more guts received a cursory examination, while a number from other 

were carefully studied for comparative purposes. The food along the 
-re length of the gut was studied, except in cases such as Labeo and 

i - \r0rh in us whose gut is of such exceptional length as to render this 
^practicable.

All 'references to the length of fishes refer to total length including the 
burial fin.

p h y s i o g r a p h i c  f e a t u r e s  o f  t h e  a r e a  s t u d i e d  

i he area studied is shown in the accompanying map. (Fig. 1). Within 
relatively small area fairly typical examples of rocky and sandy shores 

** ^ presented as is a somewhat swampy miniature river estuary. In addition 
irth type of major habitat with distinctive faunistic peculiarities gradually 
:fne recognisable as the study proceeded, this being a very small area 

the rocky and sandy shores, which, because of its intermediate 
.! n|  certain respects, is for convenience henceforth spoken of as the 

mediate zone ” . Because of the presence there of crocodiles, the 
was named 4 4 Crocodile Creek ” and is referred to by this name
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throughout the following account. Unless otherwise stated the datum line 
of water level is that which represented the high water mark during the survey 

The main physiographic features of the four zones are outlined below.

Fig. 1.—Map showing area studied (South Bay, Nkata Bay, Nyasaland) and distribution of 
major littoral habitats. C.C. =Crocodile Creek. I.Z„hLIntermediate Zone.

(a) The rocky shore
This zone is admirably described by the word rocky. Rocks of all shapes 

and sizes, mostly composed of micaceous shists or, less frequently, hard quartzes 
occur in profusion on a bottom composed in many places of bed rock, coarse 
gravel or, in rare isolated patches, of coarse sand. Figures 1 and 2 on Plate 
1 give a good idea of the general configuration of this zone.

The rocky shore shelves relatively slowly, producing a well marked littoral 
shelf which extends outwards into the lake for a distance of some 60 metres 
over most of its length, and whose depth gradually increases from less than 
one metre to about 10 metres. Beyond this point the bottom plunges sud
denly downwards (Fig. 2,B) and even within the small bay shown on the map 
it descends to a depth of some 150 metres. The present investigations have 
been almost entirely confined to the littoral shelf.

The water over and among the rocks is exceptionally clear, even after 
prolonged periods of onshore wind ; and in calm weather the configuration 
of the bottom can be seen from a boat down to considerable depths. Just off 
shore a standard 20 cm. diameter Secchi disc is usually visible until it sinks 
below about 16 metres and it can be seen down to 20 metres when viewed 
through a glass-fronted mask.

At some time of the day on almost any day of the year the water among 
the rocks is in a state of turbulence due to wave action and swell. Good 
testimony to the constancy of this turbulence is the presence on the rocky

tr o ph ic  in t e r r e l a t io n s h ip s  o f  l it t o r a l  c o m m u n it ie s  o f  l .

, nrC of two species of net spinning caddis larvae of the family Hydropsychidae 
'  Hrli require a current for the efficient production and spreading of their nets. 
" Lcrophytic vegetation is entirely lacking, due presumably to the nature 
f the Substratum. The upper surfaces of the rocks, however are coated 

0 •'J  „ thick flocculent layer of algae of numerous species among which diatoms 
"!! mrticularly conspicuous. The entire felt is most conveniently described 
f ?  Jug comprehensive German term I  Aufwuchs ” which m its widest sense 
includes also all the animals living among the algae, but which is here restricted 
n  the plant constituents of the association. Common components of this 
Uifwuchs community are two species of the bluegreen alga Calothnx whic

Kg.2.—Actual sections of A : Sandy shore, B : Rooky shore. Note ; The vertical scale is not 
exaggerated. All figures are in metres.

are the analogues of trees in a woodland community. Their filaments are 
firmly attached to the rocks, and between them grow numerous other algae 
which constitute as it were the undergrowth. Among this algal felt occur 
also inorganic particles brought there during periods of particularly violen
weather. - ■ . . . , ■. _y

As the Aufwuchs is of fundamental importance in the biological economy
of the rocky shore a few words may be said about its developmen * ®
prevailing physical conditions probably approximate closely to t ose w 
are optimal for its development and can be listed as follows.

(1) Great transparency of the water : This permits the passage of light of high intensity to 
the rock surfaces and permits photosynthesis to take place at a great rate.
High light intensity : This is provided by the tropical sun and operates in conjunction

High temperature : The surface temperature of the lake appears to be always ^ o v e  
20°C. and is sometimes considerably higher. (Maximum recorded at Nkata Bay dur g 
two years daily observations 28-6° C. Min. 22*6° C.). # ■

(4) Absence of a winter check in growth : Conditions (2) and (3) persist throughou y . 
fVf Favourably situated for receiving salts swilled in from land.

In addition , th e  algal A ufw uchs com m unity  h a rb o u rs  a  v e ry  dense m icro- 
fauna (see below) th e  p ro d u c ts  of w hose resp ira tio n  are  released in  v e ry  close 
proxim ity to  th e  algae w hich p resum ab ly  benefit from  th is  du ring  th e  process
°f photosynthesis. . . . .

During the dry hot season, when the lake level falls, a fair y n c i ayer 
m____*__  ____ nlnniprat/i (LI Kuetzing develops

m*

(3)



on many of the rocks around the water line and a few centimetres below it 
This layer moves lower down the rocks as the lake level continues to fall, and 
that which is left high and dry becomes powdery and disintegrates. As the 
lake level rises with the advent of the rains the alga becomes submerged and 
during the rainy season, when the lake is at its maximum level, Cladophora 
is virtually absent. Unlike the Aufwuchs, Cladophora appears to be of negli
gible significance in the economy of the rocky shore.

(b) The sandy shore
The sandy shore (PI. 1, fig. 3) consists, in the main, of a sandy slope pitching 

very gently so as to be only about 4 metres below the surface some 100 to 120 
metres from the shore, beyond which point, however, it shelves much more 
steeply to considerable depths (Mg. 2, A). The sand is fairly fine and somewhat 
compact along the margin at the northern end due to a considerable admixture 
oi flakes of mica, but is coarser a little way off shore and at the southern end. 
This monotonous substratum occupies most of the sandy shore but the middle 
section includes an area in which the bottom is rather soft and humic and 
contains a number of partly mineralised tree stumps, being in fact a remnant 
oi a once wooded and now innundated shore. A few isolated patches of humic
material occur to the north of this area but in general the rest of the shore is 
sandy.

The water on the sandy shore, while very clear during periods of calm 
weather, becomes visibly turbid during periods of onshore wind when breakers 
of considerable size roll onto the beach. I t  also assumes a red coloration 
due to the presence of mud particles on those occasions during the rainy season 
when the stream feeding Crocodile Creek is in spate.
, Vegetation is sparse, particularly towards the southern end where its 

development may be hindered by intermittent deposition of silt from Crocodile 
Creek during the rainy season. In the main it consists of beds of Vallisneria, 
none of which appear to be more than about 10 sq. metres in extent, the 
majority being smaller than this. Even towards the northern end of the 
shore, where they attain their maximum development, these beds occupy no 
more than about 12 or 15 per cent of the total bottom area. Only two other 
species of higher plant have been seen on this shore, these being a grass-like 
species as yet unidentified and Ceratophyllum sp. both of which are so rare 
as to be without importance.

The strap-like leaves of the Vallisneria are coated with an Aufwuchs 
(or periphyton) community whose composition is broadly similar to that 
ound on the rocks of the rocky shore but which does not include the firmly 

attached species of Calothrix.
I t  may be remarked that the configuration of the sand spits at the m outh  

ot Crocodile Creek varies considerably throughout the year, that shown in the 
map representing what is approximately the average condition.

During the dry season, when the lake level falls, the more shoreward beds of 
Vallisneria, which had formerly been immune from' the major effects of 
deposition of sand brought into suspension by the breakers, become more 
exposed to this influence and tend to become buried and disappear or, in some

cases, tfley become exposed to the air and meet a similar fate. Because of the 
sudden downwards plunge of the sandy shore at a distance of 100 to 120 metres 
from the high water line the Vallisneria is unable to spread outwards to com
pensate for this destruction so that the total area covered by vegetation becomes 
progressively reduced as the lake level falls. This seasonal fluctuation in
abundance of a primary food source is of considerable ecological and 
evolutionary importance. 6

Between the rocky and sandy shores occurs a zone whose rather restricted 
units are_ roughly indicated on the map. Here conditions are intermediate 

betw een those Prevailing m the two previously described zones. The margin 
1S rather rocky (PI. 1, fig, 4) .but the rocks tend to be small, while the bottom is 
composed of sand on which a number of rocks of various sizes are s c a th e d  
hke small islands. Between the rocks there are a number of beds of Vallisneria 
which occupy perhaps 25 per cent of the total bottom area.

Conditions m  th is  zone are  m ore sheltered  th a n  th e y  a re  anyw here  along

i; - “ 7  ru Saf d y ,Sh0reS' Targe waves seldom break on the shore 
and the bottom is therefore less disturbed than on the sandy shore. The effects

WKMare H r a  o J S m . **
v  a- more suitable than they are along most of the sandy shore. Even 

• , 1 aUisnena is the only higher plant which occurs there in significant amounts.

(d) Crocodile Creek

a • theNkateaCre?  I® a SmaH lag°°n at the m°uth of a stream, locally known
lhat the i  v r  m Certain dTy Seasons a t drie« op completely so
Kand B becomes an isolated pool separated from the lake by a spit of
«f torrential rain^wb1* W m e s a - f i l i n g  muddy torrent during the periods 
.he X T Ur ^  the S P  Seft80n- Tbro4 out most of 
••»nef deeper than111 H  ^ f nqui1 and> because it is considerably widerhweWmm^^^m 8 the water movements are "sua%
fornfsTfnmli T h !lW  ?  P  S°me time after’ the creek overflows and 
«me way behind the Eg ^  norfchern bank which extends

°f Water in creek seems to be nowhere more than

muddy detritus ^ le1CO“ posed essentially of sand, is covered with flocculent 
rainy period. d ^  growths> some of which are scoured out during the

a Seechi^sc cl°udy ’, s© much so that one usually cannot
of 4 t r t f t t n  d ?  ^  M  1 metre- This cloudiness persists in 

-' nee which T  ^  The water has » peculiar opales-
-•m unlike-that ^  ° ^  Pe?uhar to sluggish trojiical streams but which is

A prJtto7^;zTJ:zs,nom ',atora in #  a"d d”
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Aquatic vegetation is both more plentiful and more varied than that found 
in any of the lacustrine habitats. The shores of the creek are lined with 
Phragmites mauritianusKunth, which barely extend into the water while
in the narrower parts the water is overhung by a dense growth of small trees 
and bushes. In the narrower parts of the creek, and extending some way into 
the lagoon region, occur dense masses of aquatic grasses, mainly Fos.s ¡'a 
cuspidata (Roxb.) Griff, which, during the dry season when they grow unchecked 
by floods, become so dense as to make it difficult to force a small boat through 
them |  the only open “ road ” usually being that made as a result of the 
perigrinations of crocodiles. In the more open water of the lagoon region a 
number of blue water lilies ( Nymphaeasp.) develop during the dry season, and 
dense masses of the filamentous green alga Spirogyra sp. accumulate.

ZONAL BO U N D A R IE S

In concluding the description of the area studied a few words must be said 
about the points a t which the various zones meet.

The union of Crocodile Creek and the sandy shore is very clear cut and one 
can say exactly where one habitat ends and the other begins.

By contrast, the sandy shore and the intermediate zone merge imperceptibly 
into one another over a zone of some 10 to 20 metres, but on either side of this 
divide it is very easy to separate the two zones.

The intermediate zone is very well separated from the rocky shore by a 
large rocky projection which limits the sharply defined zone of contact to a
narrow strip. . . , ,

As shown on the map (Fig. 1) there is a very narrow strip which can be
considered as a point of contact between the rocky and sandy shores. While 
most of this strip lies in rather deeper water than that covering the sandy 
littoral zone there is a point a t which the two meet in only 4 or 5 metres ol
water even at periods of high lake level. , ' . .

These notes, together with the map, reveal that there are certainly no 
obvious barriers to the dispersal of active organisms such as fishes, particulars 
between the three lacustrine zones.

TH E FAUNAL CHARACTERISTICS OF THE FOUR ZONES 

In correlation with the physiographic features of the four major habitat.' 
outlined above each has its own distinctive animal community. The genera  ̂
composition of each of these communities is briefly outlined below, so providing 
a background against which to consider the ecology and interrelationships 0 
its various components.
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c„rs a species not previously known to occur in the lake. A few specimens of 
the ostracod Zonocypris sp. and of the endemic copepod Schizopera fimbnata 
Sirs also occur but are of negligible importance.
. j n order to obtain some idea of the approximate abundance of these 
organisms a rock whose upper, Aufwuchs-covered surface had an area of 
approximately 510 sq. cm. was carefully scraped and the total fauna was 
counted. The results can be expressed as follows.

T a b l e  1
Invertebrata fauna of upper surface of a stone of area 510 sqi cm. and approximate 

density per sq. metre deduced from this count.
Number on stone Number per sq. metre

69,700 
198,000 
20,000+

431 
1,158 

59 
19
19 /
19 /

The number of Schizopera present was not counted as these minute and 
delicate organisms tended to be damaged by the scraping process, but it is 
certain that a number well in excess of 1000 was present. For obvious reasons 
the tedious count was not repeated. Further information on the total biomass 
on the rocks has, however, been obtained and is given later.

The most striking feature of the count is the remarkable density of the 
fauna in what would, on superficial examination, appear to be an uncongenial 
situation. I t  is interesting to note that under somewhat similar situations m 
the sea the existence of similar dense invertebrate faunas has recently been 
demonstrated, a t least in the Azores. (Chapman, 1954).

A few other organisms live among the Aufwuchs as can be Seen from 
Table 1. Of these mites and an unidentified dipterous larva are of fairly 
frequent occurrence while the other organisms occasionally recorded belong 
more properly to the under surface fauna of the stones and when recorded 
from among the Aufwuchs have probably wandered there for feeding purposes. 
The under surface fauna includes two species of leech, one of which is common, 
nhile the other is rare.; a stone-fly nymph Neoperla spio (Newman) which is 
fairly common ; mayfly nymphs belonging to two species of the genus 
yfronuriis which are also fairly common ; baetid nymphs, and nymphs of an 

amsopterid dragonfly (Phyllogomphus sp.) neither being common ; the larvae 
r*f two species of hydropsychid caddis flies, one of which is plentiful and the 
4 aher certainly not rare, a small unidentified caddis larva of negligible impor 
^ance, the larva of a psephenid beetle (Eubrianax sp.) which is fairly common, 
larvae and adults of a tiny elmid beetle which are seen occasionally, a very 
mre elmid larva, an occasional bug Naucoris flavicollis Sugn., and a few tiny 
dmbdocoele turbellarians. This list is by no means a long one, and of the 
mder-surface fauna only the mayfly and stonefly nymphs, and the laivae of

Chironomid larva© 
C ypridopsis spp. 
Schizopera consim ilie  
Other dipterous larva© 
Mites
E ubrianax larva© 
Nymphal bugs

3,555 
10,102 

1,000+  
/ 22 

59 
3 
1 
1 
1
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the hydropsychids and Eubrianax have been found to play an important part 
m the welding together of the community as a whole. An unidentified encrust
ing sponge with simple monaxonic spicules, and a crab, complete the list 0f 
invertebrates other than protozoans and rotifers. Of these the sponge need 
not be considered further but the crab, Potamonautes lirrangensis (Rathbun) 
until Bott’s (1955) recent revision known as Potamon orbito’
spmus Cunnington and believed to be endemic to Lake Nyasa, is of some 
importance.

Under stones at the water’s edge occur occasional tipulid larvae ; and a 
small collembolan is often present in large numbers on the surface film at the 
extreme margin.

Most notable among the absentees from the rocky shore are the molluscs 
which appear to be totally unrepresented here. Possible explanations of this 
are discussed in a subsequent section.

The density of the larger invertebrates among the rocks is decidedly low. 
On turning over an easily handled stone one finds perhaps as few as half a 
dozen specimens of insect nymphs and larvae, and seldom more than about 
twenty, whereas in many temperate lakes, and certainly some tropical lakes, • 
dozens of similar invertebrates occur under such a stone.

Important from both a biological and an economic point of view are the 
fishes which abound on the rocky shore. As in most environments in the 
lake the family Cichlidae predominates, being represented by more than twenty 
species which can be regarded as permanent residents in this zone. Five non- 
cichhd fishes belonging to the families Clariidae, Mastacembelidae and Cypri- 
mdae, however, are also important members of this community. In addition 
several other fishes which must be regarded as either very rare or as being 
casual m their occurrence have been recorded. These are either unimportant 
or are visitors to the rocky shore only at certain times of the year, when, 
however, they may be present in considerable numbers. A list of the more 
important resident fishes of this zone is given in Table 4 (p. 171) where 
comparison is made with the fish fauna of the other zones.

While a detailed account of the ecology and interrelationships of these 
fishes is given in a subsequent section attention may be drawn here to two 
points concerning their size and abundance. With few exceptions these fishes 
are small, only a few species exceeding a length of 20 cm. when fully grown. 
In spite of their small size, however, their, biomass is great as they are very 
numerous. Estimations of abundance using a grid covering an area of one 
square metre have revealed that on the average at least six or seven fishes 
occur per square metre of the bottom. Sometimes as many as twelve were 
observed within the confines of the grid.

A few birds visit the rocky shore. Of these the reed cormorant, Phalo- 
crocomx africanus(Gmelin) the South African darter, (Lacepede

& Daudm) and the pied kingfisher, Ceryle rudis(L.) are the most important 
as they all take fish from this zone. Their numbers, however, are not great, 
and considering the great number of fishes present their depredations are 
probably inconsequential. Other fish-eating birds such as the fish eagle, 
Haliaetus voci/er (Daudin) and the malachite crested kingfisher, Corythornis

cristata (Pallas) are also seen here occasionally and probably take fishes from
tiin© to time.  ̂ _

Torn fishing nets indicate that crocodiles occasionally visit this shore during
the course of their nocturnal prowlings though the slight possibility that such 
damage is sometimes caused by otters cannot be ruled out.

(b) The sandy shore
While a few species are common to both the rocky and sandy shores there 

is on the whole, a very well marked and clear cut distinction between the two 
faunas. On the sandy shore there is a more diverse invertebrate fauna and an 
almost entirely different fish fauna. Among the invertebrates, for example, 
molluscs, which are unrepresented on the rocky shore, are here represented by 
four species of gastropods and three lamellibranchs. As shown in Table 3 
(p. 169) the crustaceans are more strongly represented than is the case on the 
rocky shore. Among their number the most striking form is the atyid prawn 
Caridina nilotica Roux.

The weed beds harbour the majority of the sandy shore invertebrates. 
Here occur all the snails, viz. Lanistes /procerus (Martens), Melanoides tuber- 
culata (0. F. Muller), Bulinus nyassanus (E. A. Smith) and Gabbia stanleyi 
(E. A. Smith), a variety of larval and nymphal insects including anisopterid 
and zygopterid dragonfly nymphs, baetid nymphs and nymphs of Caenis sp., 
chironomid larvae and a few caddis larvae, numerous mites, and a variety of 
crustaceans of which the prawn Caridina nilotica, the cyclopoid copepods 
Microcyclops nyasae Fryer, and M. bitaenia Fryer and the ostracod Cypridopsis 
anmingtoni Sars, are the most abundant. Other invertebrates occur among 
the weed beds, of which Schizopera consimilis, occasional specimens of other 
copepods and ostracods, and a very occasional leech are worthy of mention, 
but are probably of scant ecological importance.

While time did not permit the making of detailed quantitative studies of 
the fauna of the weed beds an attempt was made to collect by the use of nets 
as many as possible of the larger organisms present in four separate small beds 
of Vallisneria. The technique employed was very crude and some individuals 
of even the larger species probably evaded capture. Further, such small beds 
as those sampled probably harboured a less dense fauna than the larger beds 
which were less amenable to sampling. Bearing these limitations in mind, 
the figures obtained do serve to give a very rough idea of the minimum number 
of organisms present per unit area in the weed beds!

T a b l e  2
square metre of larger invertebrates in beds of Vallisneria

Average number/sq. metre (4 samples)
178 
28

7
8 

10 
16

see text

Hough minimum numbers per 
Species

Caridina nilotica 
Baetid nymphs 
Caenis nymphs 
Anisopterid nymphs 
Caddis larvae 
Melanoides tuber culata 
Other invertebrates
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In addition chironomid larvae, mites and Microcyclqps nyasae each had 
populations running into at least hundreds per sq. metre and the ostraeod 
Potamocypris cunningtoni was measurable in thousands per sq. metre.

The areas of bare sand, while giving the impression of being devoid of 
invertebrate life nevertheless have a distinctive fauna on whose members 
certain fishes depend entirely or almost entirely for sustenance. The rather 
important little bivalved mollusc Corbicula africana (Krauss) occurs here, as 
does an unidentified mutelid, and the snail Melanoides tuber culata often 
wanders over the surface ; but of much greater consequence are certain small 
chironomid larvae which burrow in the sand. These, however, appear to be 
rather sparsely distributed and the,fishes which utilise them as a source of 
food appear to find it necessary to maintain an almost constant search. 
Also present in the sand are large numbers of the burrowing harpacticoid 
copepod Parastenocaris fossoris Fryer, whose length is less than 0*5 mm. and 
whose density has been estimated as being at least 10,000 per sq. metre 
(Fryer, 1956b).

Several species of burrowing cyclopoid and harpacticoid copepods, a 
detailed description of which has been given elsewhere (Fryer, 1956b), as well 
as a number of other minute organisms (ostracods, mites, rotifers, tardigrades, 
oligochaetes, nematodes, etc.) occur in great numbers in the interstitial spaces 
of the marginal sand bank of the sandy shore where they constitute a little 
microcosm of their own which depends basically upon the detritus which 
becomes trapped among the sand grains, and upon certain minute algae which 
are able to develop there. Of these, however, one cyclopoid copepod Micro- 
cyclops obscuratus Fryer, like its harpacticoid relative Parastenocaris fossoris, 
occurs also in the submerged sand and also on its surface and therefore plays 
some part in the general ecbnomy of the sandy shore.

The humic areas do not appear to be very rich faunistically though the endemic 
copepod Eucyclcps dubius Sars, is at times to be found there in considerable 
numbers. A large lamellibraneh, Unio sp., also occurs here but is very rare.

The fishes of the sandy shore are numerically fewer than among the rocks 
and the number of species represented by the habitues is less. A comparative 
list of the fishes is given in Table 4 (p. 171).

The same birds as are seen on the rocky shore also frequent the sandy 
shore. Casual observations, however, indicate that the pied kingfisher fishes 
more frequently over the sand than over the rocks, possibly because the 
juvenile fishes which probably constitute the major part of its diet often belong 
to shoaling species on the sandy shore and are perhaps more easily obtained 
here than among the rocks where refuges are abundant.

(c) The intermediate zone
Because o f th e  presence of beds of Vallisneria th e  in v e rteb ra te  fauna  of 

th e  in te rm ed ia te  zone is very  sim ilar to  th a t  o f th e  san d y  shore, while the 
rocks, p a rticu la rly  th o se  a t  th e  m argin , p rovide conditions w hich are  suitable 
for ce rta in  m em bers o f  th e  tru e  rocky  shore com m unity  . As th e  m arg inal area 
is less in  e x te n t th a n  th e  area  dom ina ted  b y  wreed beds th e  in v e rte b ra te  fauna 
is, in general m ore like th a t  o f th e  sandy  th a n  th e  rocky  shore. S im ilarly  the
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~ hes of this zone are predominantly those living also on the sandy shore 
though members of the rocky shore community are also occasionally repre
sented. In addition, however, several fishes of which one, the cichlid 
fmthochromis obliquidens Trewavas, is the commonest species in this zone, 
are virtually confined to it, and several other fishes, e.g. Ilaplochromis johnstoni 
(uiiither) and Hemitilapia oxyrhynchus Boulenger which frequent the beds of 
Yallisneria are more common here than on the sandy shore, presumably because 
of the greater extent of the weed beds.

(d) Crocodile Creek
The fauna of Crocodile Creek differs as much from that of either the rocky 

or the sandy shore as do the two latter from one another. Its general charac
teristics are those of a fauna associated with a weedy lentic environment. 
Insects are more conspicuous here than in any of the true lake zones. Thus 
surface-dwelling hemipterans of the family Gerridae, which are unable to 
establish themselves in the lake zones,* are here very common. Below the 
surface baëtid nymphs are very common and constitute an important part of 
the fauna. Living with these nymphs among the vegetation are also several 
species of nymphal anisopterid and zygopterid dragonflies, adult dytiscid and 
¿ryrinid beetles, and bugs of the genera Ranatra, Notonecta and Nawcoris, 
while among the bottom detritus certain chironomid larvae are plentiful. 
At certain times of the year at least both culicine and anopheline mosquito 
larvae are also present. Snails are represented by three small species, viz. 
tojraulus costulatus (Krauss), Segmentorbis angustus (Jijkeli) and Limnaea sp., 
while the large Lanistes procerus occasionally wanders in from the lake. The 
crustacean fauna of the creek, when compared with that of the lake zones 
clearly demonstrates the difference in thé environments, being much more 
diverse (Table 3, p. 169) and including several weed loving and muddy bottom 
forms which are conspicuous by their absence in the lake. Several of these 
forms belong to the order Cladocera which appears to be totally unrepresented 
in the true littoral fauna of this part of the lake. A four-tentaeled brown 
Hydra, not recorded from the lake, is also not uncommon among the weeds.

The list of fishes (Table 4, p. 171) is much less impressive than that of any 
of t he lake zones, and the adaptations of many of the species, most of which 
c a n  be described as l bottom grubbers ” are usually less striking.

A few frogs spawn in the creek. Some of the resulting tadpoles attain 
^nsiderable bodily proportions and must consume as much food as many 
small fishes per unit of time.

The creek also houses a few crocodiles (Crocodilus niloticus L.). Although 
^  least three specimens 3 metres or more in length were destroyed in the 
curly months of 1955 at least two large individuals remained, and a considerable 
cumber of young belonging to at least two broods were hatched in this year, 
^m e idea of the abundance of these young can be obtained by noting that no

* The expression “ unable  to  establish th em selves” is used w ith deliberation  as on ono occa- 
n during th e  d ry  season a  num ber of nym phal gerrids appeared  in a  sheltered  pool am ong 

-  rocks of the  rocky shore, th u s showing a  la ten t tendency to  colonise, b u t these w ere quickly 
' 5 l^rmiiiated by  subsequent w ave action and  did n o t survive to  m atu rity .
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fewer than seven, each about 30 cm. in length, were on one occasion found 
imprisoned in a fish trap set by a local African, and several times odd specimens 
have been caught in this manner. The large crocodiles move into the lake by 
night, where 'they presumably feed, and return early in the morning. Part 
of the day is spent lying in the sun. Thus they enter only indirectly into the 
economy of the creek by producing manure and keeping open lanes through the 
vegetation. Young crocodiles feed in the creek and appear to subsist, like the 
small specimens studied by Cott (1954), on insects. One juvenile contained 
also the remains of a frog or toad.

Birds are more numerous in the vicinity of this zone than in those previously 
considered, and while some, such as the numerous weaver birds which build 
nests overhanging the water, probably contribute nothing more than a rain of 
faecal matter and an occasional luckless nestling to the food cycle of the 
creek, others such as the pied kingfisher, the malachite crested kingfisher, and 
several bitterns and allied forms probably play a much more direct part in 
the general ecology of the aquatic environment. Of these the pied kingfisher 
at least has repeatedly been observed fishing here.

' • ' ' . ' : ■ .Íí ■ I
Habitat differences reflected by the Crustacea

The faunistie differences in the major habitats are exemplified by the 
Crustacea, which class, in comparison with certain other groups, is relatively §
well represented, individually if not specifically, in all the habitats, A com- f
parative table (Table 3) conveniently serves the dual purpose of listing those |  
species which occur and of demonstrating the faunistie reflection of environ
mental differences. •

The crustacean fauna of the intermediate zone is the same as that of the | 
sandy shore and is not listed separately. In order to emphasise its true 
habitat the crab Potamonautes lirrangensis, which frequently wanders into the f 
sandy shore for feeding purposes but which actually spends most of its time 
among the rocks, is not included in the list of sandy shore species. The true 
psammophilous copepods living above the water line on the sandy shore are f 
also omitted from the list.

In addition to the dissimilarities shown by the free-living species there are I 
differences between the parasitic crustaceans of the fishes of the lake zones | 
and those of Crocodile Creek. While these not unnaturally largely reflect 
differences in the host species present, two of the branchiurans infesting 
members of the g enusCiarías may be more dependent on certain general 
characteristics of the environment than on the specific identity of the host. 
Thus the species of Ciarías inhabiting the lake proper serve as hosts for Argulus 
africanas Thiele which is very common, and which is not restricted to any one 
particular species of Ciarías, nor even to members of the genus. The species 
has not been recorded in Crocodile Creek. On the other hand, with a single 
exception, the branchiuran Dolops ranarum (Stuhlmann) has not been recorded 
from the lake proper, yet two of the few specimens of Ciarías mossambicu* 
Peters, obtained from Crocodile Creek bore specimens of this parasite. It & 
fairly obvious that conditions in Crocodile Creek will be unsuitable for the larval 
development of species living in the more open waters of the lake, and the
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converse seems to be true for Dolops ranarwnn which has been recorded from 
swampy lagoons and rivers elsewhere in NyasaJland, and which is by no means 
restricted to Clarias mossambicus as a host.

The crustaceans of the plankton, which oirten occur in the inshore waters 
are not included in the foregoing lists as thew do not properly belong to the 
faunas considered. As they are utilised as food by certain littoral organisms 
however, they can be conveniently listed Ihere. They are the copepods 
Diaptomus (Tropodiaptomus) Jcraepelini Poppe & Mrazek, Mesocyclops leuckarti 
(Claus), and Mesocydops neglectus Sars, and the cladocerans Diaphanosoma 
excisum var. stingdini Jenkin, Bosmina longi'-rostris (0. F. Muller) and Bosmi- 
nopsis deitersi Richard. These, together witiih the larva of the midge Corethra 
edulis Edwards contribute the most im portant elements of the zooplankton in 
the northern part of the lake. Of the crustaceans listed Diaptomus kraepelini 
is by far the most important as a source of food for fishes and figures largely in 
the stomach contents of both inshore and pelagic plankton-feeding species.

THE FISHES : THEIR ECOLOGY J&lvD ADAPTATIONS
A primary object of the present study wms to discover something of the 

habits and ecology of the littoral fishes. A  difficulty in presenting the 
information obtained lies in the fact that, while the majority of the fishes 
concerned have been named by system atise, in  many cases the description 
necessary to back up the name has not beam published, and no illustrations 
are available to enable the ecologist to gain an idea of the form of the individual 
species. Partly in order to overcome this difficulty, therefore, and partly 
to illustrate the discussion on feeding halhits, a considerable number of 
illustrations have been prepared to supplement the following account.

Before discussing the individual species a. iiew words can be said about the 
salient features of the various fish communi riles each of which, as the table 
shows, is remarkably distinct.

The rocky shore is populated by a large number of both species iricl 
individuals of small fishes, mostly of the famiily Cichlidae, which are usually 
either dark in colour or very brightly colomred, particularly, but not only 
when in breeding dress. The most outstanding adaptations of many of them 
are concerned with the collection of food irrom hard rock surfaces. Most 
species, when disturbed, flee only for short distances and then take refuse 
beneath rocks. These little fishes constitute a rich source of food which has 
been exploited by a rfumber of rather larger prredatory species which take quit«’ 
a heavy toll of the non-predatory species, mud particularly of the juvenile 
stages. There is some evidence that the pnteiatory fishes from rather deeper 
water also feed to some extent on the rock fisshes. In addition to these form* 
there are two species which skulk beneath the rocks, being thus quite different 
in habits from the majority of the rocky shorn1 fishes which spend most of their 
time hovering around and above the rocks.

I t  is most interesting to notice that the local! Africans, while giving individ**5; 
names to many of the rock fishes, recognise some of the cichlid members e- 
the community as an ecological unit, referingjxo them in Chitonga as “ Mbuna *
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Similar recognition of these fishes as an ecological entity is made by th 
Chinyanja-speaking people of the southern part of the lake who speak of them 
as “ Chmdongo ” , and a similar name is given to them by the Swahili-speakin 
people on the north-eastern shore of the lake. This ecological grouping SE  
has taxonomic validity. r  6 550

In striking contrast to the dark or brightly coloured fishes o f the rockv 
shore those species inhabiting the sandy shore are predominantly silvery I  
light m colour. The outstanding adaptations of the non-predatory species an. 
concerned largely with the habit of digging in the sand or browsing on the 
higher aquatic plants or on their covering of Aufwuchs. Their escape reaction 
is one of precipitous flight rather than refuge seeking. Like the rocky shore 
the sandy shore has its quota of predators, but these, in the maim belong to 
different species to those found in the former habitat.

As might be expected there are differences in the breeding Labits of the 
fishes belonging to the rocky and sandy shore communities. The most striking 
difference in this respect is that some sandy shore species belonging to the 
family Cichlidae construct sandscrape nests (Lowe, 1952 ; Fryer, 1956c) while 
the rocky shore species apparently breed among the rocks whesre many of 
them occupy definite territories during the breeding periods. F im hcr details 
of the breeding habits of rocky shore species are given in Part II.

The outstanding features of the fish communities of the intermediate zone 
and of Crocodile Creek will become apparent during the subsequent account 
and call for no further comment here.
» .--The very stnkmg adaptations shown by many of these fishes, together 
with the fact that most of them are rigorously restricted to one lhabitat and 
to one kind of food stands in marked contrast to the state of affairs in fresh 
water fishes in general where, as pointed out recently by Larkiia ((1956), the 
tendency is to avoid overspecialisation. The specialisations showm by these 
Nyasan fishes can be regarded as a reflection of the relatively permanent 
nature of their environment as opposed to the essentially transient condition 
of most freshwater situations.

The most important fishes of the various habitats are discussed iindividualh 
below, each habitat being considered m turn.

(a) The roclcy shore
A striking feature of the fish fauna of the rocky shore is tdhat a lary 

proportion of its members belong to a group of genera w*
its allies) which are sufficiently distinct from the rest of the Nyawmn cich!i> 
to merit them being regarded as at least a tribe (using the te rm  iiu the sen»
„ a super-genus ”). These fishes, which correspond almost exactftr with ti* 

M buna” of the local fishermen, are completely unrepresented om tthe sand.' 
s ore. The first eighteen species discussed below belong to this gjroup.

Labeotropheus fuelleborni Ahl. (Figs. 3- 7)
This species, which attains a length of about 12 cm., is one of the renmnior.^' 

fishes of the rocky shore. I t  is seldom to be seen more than a few.■-crentin**1'1’ 
from rock surfaces from which it obtains its food, I t  swims over itocks of ̂
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shapes, always keeping its ventral surface approximately parallel to the 
substratum and can browse with equal facility on vertical and horizontal surfaces.

Examination of the gut contents of forty-eight specimens ranging from 
2-7 cm. to 11 cm. in total length collected at Nkata Bay, supplemented by a 
few such examinations made elsewhere (see p. 233) and by observations on the 
fish both in nature and in aquaria reveal that the food consists entirely of algal 
Aufwuchs scraped from rock surfaces. Both the loosely attached algae, 
henceforth spoken of as “ U>5se Aufwuchs ” , and the firmly attached tufts of 
Calothrix are removed from the rocks and swallowed.

The form and position of the mouth, and the dentition are remarkably 
adapted to this habit. The mouth is ventrally situated so that as the fish 
swims over the rocks it can be very easily adpressed to their surfaces. I t  is 
also exceptionally wide, extending transversely across the full width of the 
head, thus allowing a wide band of rock surface to be scraped at a single 
application of the mouth.

Each jaw margin is very straight and is lined with a palisade of teeth 
whose broadened tips are in contact and form a continuous scraping surface 
across the jaw (Figs. 3, 4, 5). Each tooth of the palisade is curved so as to 
allow the broadened spatulate tip to act as a scoop as well as a scraper and, 
while narrow from side to side a t its base, it is broadened and strengthened 
from back to front in order to give strength along the plane subjected to 
maximum stress whilst in use (Figs. 6 & 7). The narrowness of each tooth 
*rum side to side at the base may possibly permit the passage of water, as 
‘trough a sieve, between the teeth and thus prevent scraped-up material 
!r”m being swilled away by currents which may otherwise be set up.

food is collected by a series of “ nibbles ” , the mouth being kept adpressed 
Ihp rock surfaces throughout the process. A dozen or more “ nibbles ” 

take place in quick succession during which time the fish moves forwards 
‘ r.v slightly. The effect of a forward movement of the lower jaw and a
- w mvard (backward) movement of the upper jaw (the latter following as an 

vstable consequence of the former during the process of closing the mouth)
scrape Aufwuchs from the rock surface and pile it up along each palisade

- teeth. This piled up food material must then be taken into the buccal 
* *Kv, and, although actual observations are most difficult to make, it seems

enable to suppose that this process is effected by the inflow of water to 
mouth as the latter opens.

Possible that the ability to remove the firmly attached tufts of 
from the rocks is only acquired after the juvenile stages have been 

through as while most, but not all, adult specimens obtained at Nkata 
^tmtained a percentage of Calothrix a specimen only 2*7 cm. in length, 
^ned only loose Aufwuchs.

I .e t alothrix figures largely in the gut contents of this species it seems 
, gt ^  mos* only partially digested and the fish is by no means dependent 

| a -a as is shown by work carried out at Mbamba Bay (see p. 233).
 ̂ t ^eileral arrangement of the mouth and the method of feeding bear'

m jui ' frying similarities to those found in the non-cichlid genus Labeo,
' obviously
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This species and members of the genus Labeo, when compared, present an 
interesting example of parallel evolution at both a morphological and an 
ecological level in fishes belonging to quite different families. (A discussion 
of the feeding of Labeo tylindricus is given on page 189).

Labeotropheus trewavasae Fryer
I t was only on making a morphometric study of preserved material after 

completion of the field work (Fryer, 1956d) that this species, which is very 
closely related to L. fmReborni, was found to be specifically distinct. While 
the failure to recognise it as distinct in the field makes it unwise to say much 
about its ecology there can be no doubt that its requirements are much the 
same as those of L. fudleborni and that it co-exists with this species in the 
littoral zone of the rocky shore at Nkata Bay. I t  is, however, less common 
than L. f  uelleborni.

The mouth structure is identical in the two species and the feeding mecha
nism is therefore presumably the same. The food found in the guts of ten 
specimens (plus five collected a t Ruarwe) ranging from 7*4 to 11-7 cm. in 
length was inseparable in composition from that found in the guts of L. 
fuelleborni.

Labidockromis vellicans Trewavas. (Figs. 8- 11)
This little species, whose total length seldom exceeds 7 cm., is quite 

common among the rocks close to the shore, but it appears to have a, very 
restricted horizontal range. I t  has a rather elongate, slender body and large 
eyes and is very active in its movements, but is rather secretive in habits, always 
keeping close to the rocks between and under which it hides and seeks its 
food. Its somewhat sombre coloration is possibly correlated with its general 
habits.

The gut contents of twenty-six specimens ranging from 4*6 cm. to 6-8 cm. 
in length reveal that most of the common rocky shore invertebrates are eaten 
by this species. A list showing their approximate order of importance as 
food is given in Table 6. (p. 222)

The mouth is very narrow and both upper and lower jaws are armed with 
exceedingly long, recurved, conical teeth whose apices are opposed and form 
in effect fine forceps, ideally suited to picking out from among the algae covering 
the rocks the chironomid larvae and other small invertebrates on which it feeds.

Specimens kept in an aquarium furnished with rocks from the rocky shore 
were regularly observed to nip food from them with a single quick action. 
Frequently there is a quick twist of the body as the food is seized, presumably 
to assist in its dislodgment. Specimens have been seen to take food from the 
rocks and later to expel from the mouth algal particles presumably picked up 
inadvertently with the animal food. Thus while there is an original careful 
visual selection of the food and a deliberate seizure by the teeth, still further 
selection occurs in the mouth. This explains the relatively insignificant 
amounts of algal material seen i
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Labidockromis caeruleus Fryer
This recently described species is very closely related to L. vellicans from 

which it differs most conspicuously in coloration, both sexes being a beautiful 
jiriit blue with black bands on the fins (for details see Fryer, 1956a) as opposed 
to the rather sombre hues of L. vellicans. Its oral dentition is practically 
identical with that of its congeneric associate but it differs somewhat in the 
pharyngeal dentition, the lower pharyngeal bone having somewhat larger 
and stouter teeth than its counterpart in L. vellicans. This difference might be 
expected to be correlated with a slight difference in diet, and some evidence 
iliat this may indeed be the case is presented in the section dealing with 
competition among the fishes.

Very little information on the general habits of L. caeruleus has been 
obtained though specimens have been seen swimming about over the rocks 
on several occasions, sometimes two or three specimens being in company. 
The impression gained from these casual observations is that it is less of a 

skulker ” than is L. vellicans and is more “ sedate R in habits ; facts which 
may be correlated with its slightly deeper body than that of L. vellicans.

S i
Petrotilapia tridentiger Trewavas. (Figs. 12-15)

Although one of the largest of the Mbuna the largest specimens of this 
species do not appear to exceed about 20 cm. in length. I t  is very common 
on the rocky shore where it exhibits a bewildering diversity of colour phases. 
Specimens of this species are rather deep bodied and are very graceful swimmers 
and, unless disturbed, swim slovfly among the rocks from which they obtain 
their food.

As ascertained from the examination of the gut contents of forty-eight 
individuals ranging from 3*7 to 19-2 cm. in length, plus several specimens 
obtained elsewhere, a more casual examination of other specimens, and from 
underwater observations, its food consists entirely of the algal Aufwuchs 
growing on rock surfaces. Furthermore, while an occasional tuft of Calothrip 
may be found in the gut of large specimens, such occurrences are exceptional 
and only the loose Aufwuchs is normally taken.

The mouth and dentition are both highly specialised to permit the collection 
f>f this material. Both lips are exceedingly mobile and each jaw is provided 
W]th a very broad band of numerous slender movable teeth. Each tooth 
consists of a very long slender shaft, circular in section, which is curved inwards 
near its tip, where it becomes broadened and flattened to form a spoon-like 
extremity.

During feeding the mouth is opened widely and pressed against a rock, 
*be mobility of the mouth and the movable nature of the teeth enabling the 
^nds of teeth to accommodate themselves to any irregularities of its surface 
and thus to form a continuous scraping band. The mouth is then closed. 
During this process loose Aufwuchs is combed from the rock by the spoon-like 
p)s of the teeth. The entire process is repeated several times in quick succes- 

>3°n whilst the fish remains with its mouth adpressed to the rock surface in one
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“ sucking . As in the case of Labeotrdpheu fuetteborni the opening of the 
mouth in preparation for the next scraping movement probably creates a 
sufficiently strong current to carry into the mouth the material scraped from 
the rock by the teeth.

This scraping is carried out both on vertical surfaces, in which case the 
fish is orientated normally, and on horizontal surfaces, which necessitates 
the fish standing on its head. This species can therefore exploit all available 
rock surfaces.

The local (Chitonga) name for P. tridentiger, which is recognised as belonging 
to the Mbuna group, is j  MbuHya kumwa ” which means “ rock hitter ” 
a name which aptly describes the apparent behaviour of this species when 
feeding, during which process it appears to be hitting its head against the rock.

I'seudotropheus zebra (Boulenger). (Figs. 16-18 and PL 2)
Of all the cichlid fishes of the rocky shore P. zebra and tropheops are the 

commonest species. P. zebra is very common. I t  shows remarkable colour 
polymorphism which is discussed in Part II. All the colour forms, however 
are structurally identical and all exhibit similar feeding behaviour, and take
.he same kind of food. For present purposes, therefore, this polymorphism 
can be ignored. - ■

P. zebra can always be found swimming slowly among the rocks from which 
L ? ams lts fo°d- Like Petrotilapia tridentiger and Labeotropheus fuelleborni 
it browses equally readily on vertical and horizontal surfaces.
. . ̂ xammatlon of the gut contents of 114 specimens ranging from 4-4 cm.
o 11-0 cm. m length, plus several others collected elsewhere, together with 
nc erwater observations and observations made in aquaria, prove that this 

species subsists entirely on loose Aufwuchs. Calothrix is not eaten.
.¡¡AW« PT  ohlapiatridentiger this species has a very mobile mouth, but it 
<evnr!l marked]y from that species in dentition. Each jaw is armed with
are c o n h T tlf  h St  Wlth B  excePfcion of a %  of the lateral teeth, which 
rm v S W ? H  outermost row consists of close set bicuspid teeth. The inner 
are l i a r  . ,  “  number> are composed of tricuspid teeth. These (Fig. 18)

' b®r long> fairly mobile and widely separated.
of pi. , l fe7eding pr,ocess I H  outward appearances, almost identical with that 
I'urina f h ^ T  tridentiger, for p - zebra appears to similarly “ suck ” the rocks,
material ^  °f  Mmouth the inner’ tricuspid, teeth scrape up loose
( «-ill L°m i 0 rocb surface. Because they are widely separated their 
air Th ? Slmi 7 that  obtained by dragging a coarse-toothed comb through 
'dothHx j ! *  All^ uchsi Wl!1 be scraped up but the attached filaments of 

\uf„-Uchs is PJ SSt'v̂ thout bmdrance between the teeth. Thus only the loose

t some d S lSpeci“ ens °f thi,s species have been collected. All were obtained
-t-per water'ti? 6 ' p ™ a K  which may indicate that it prefers

than P w zebra to which it is closely related.
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The gut contents consisted of loose Aufwuchs as in the case of P. zebra, 
but in two specimens sand grains were also present indicating that a somewhat 
different substratum from that on which P. zebra is found might be preferred. 
One specimen had also swallowed three tiny cichlid fishes, but these had 
certainly been spat from the mouth of another fish and eaten whilst the net 
was being brought in and rre not regarded as being of much significance in 
determining the food preferences of this species.

The mouth is very similar to that of P. zebra and the dentition is also 
similar but the number of teeth is fewer and the individual teeth are stouter. 
No details of the feeding mechanism are known though it may be inferred that 
the process is similar to that of P. zebra.

Pseudotropheus williamsi (Gunther)
Although definitely a fish of rocky shores and apparently not uncommon in 

the Nkata Bay area this species is certainly rare on the shore under considera
tion, only two specimens having been captured. The reasons for this scarcity 
have not with certainty been ascertained, but a few notes on its ecology are 
given in Part II. I t  feeds both on aquatic insects (particularly mayfly nymphs) 
and on Aufwuchs. Observations in an aquarium revealed that, as might be 
expected from its rather similar dentition and mouth structure, this species 
scrapes rocks in a similar manner to P. zebra.

Pseudotropheus fuscus Trewavas. (Pigs. 19-22)
In the most inshore waters on the rocky shore P . fuscus is one of the 

commonest fishes but, as observations with a face mask reveal, it becomes 
much less common as the distance from the shore-line increases and is rare 
even at distances of 10 or 12 metres from the shore-line. This restricted 
lateral distribution is one of the outstanding features of its ecology. Its 
general habits can be summed up by the word skulking, and with these can 
be correlated its dark and rather sombre coloration.

Examination of the gut contents of thirty-five specimens ranging from 
5*9 to 11*0 cm. in length and of several specimens collected elsewhere has 
revealed that this is another Aufwuchs feeder and that its food is restricted to 
the loose Aufwuchs.

The mouth is broadly rounded and is very “ rigid ” as opposed to the 
soft, mobile mouths of Petrotilapia tridentiger and Pseudotropheus zebra which 
take similar food. The dentition consists of several rows of teeth of which 
the outermost of each jaw is composed of rather stout bicuspid teeth, while 
the members of the inner rows are smaller and are tricuspid (Fig. 22). T r 
two cusps of each tooth of the outermost row in each jaw are approximate} 
equal in size and are bluntly rounded.

Food is nipped and nibbled from the rocks. Sometimes the fish swim* 
up to a rock, hovers with its snout a few millimetres away from the suifac<j* 
then moves in to remove food by a single nip of the jaws ; an action wucl 
may or may not be accompanied by a distinct twist of the head which Iirt* 
sumably helps to loosen attached material and wrench it from its hold, tho%
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*t is to be noted that, in spite of this, the'firmly attached Calothrix is not 
Removed. At other times several nibbles follow each other in quick
succession.

Pseudotropheus auratus (Boulenger)
This species, although not caught in large numbers, is by no means rare 
tlie rocky shore. Because of theyvery striking coloration of both sexes 

it can be very easily picked out during underwater observations.
While structurally very similar to P. fuscus it is by no means so skulking 

in its habits nor is it restricted to a narrow strip of the littoral region as is
that species. J

Its dentition is very similar to that of P. fuscus, and although it has been
possible to observe both species feeding under natural conditions and in 
aquaria, no definable differences in outward behaviour have been detected 
during the process of food collection. Its food, as revealed by the examination 
uf the gut contents of twelve individuals whose lengths ranged from 4*5 to 
s o cm., consists entirely of loose Aufwuchs scraped from the rocks.

Pseudotropheus minutus Fryer
Because of its small size this species is difficult to observe in nature and 

indeed, because of its similarity to the young of other species such as P. fuscus, 
it was never recognised with absolute certainty during underwater swimming 
operations. Its small size also precluded its capture by the nets used, and most 
of the specimens seen were caught by small boys angling with worms among 
the rocks. This showed at least that it occurs very close to the shoreline, 
hut no data on its lateral distribution have been obtained.

In spite of the fact that it will take a worm this species appears to subsist 
entirely on vegetable matter, for the gut contents of eighteen specimens 
i length 4-9 to 6*3 cm.) consisted entirely of loose Aufwuchs.

The structure of the mouth and the dentition, while similar in essentials 
to those of P. fuscus, differ in detail. The jaws are rigid and each is armed with 
four rows of teeth, the inner three of which are composed of tricuspid teeth. 
With the exception of the last three or four teeth on each side of the upper 
jaw, which are conical, the teeth of the outermost series are all bicuspid. The 
median eight or ten of these teeth in each jaw are rather conspicuously enlarged.

Observations in aquaria reveal that, in spite of these differences, this 
species. feeds in a very similar manner to P. fuscus and P . auratus, taking either 

nips or nibbles from rock surfaces. As in these species there is often 
a sharp twist of the head as if to pull away food clamped between the teeth. 
$ similar function must be assigned to a sudden upward jerk of the head 
m hich has been seen on occasion at this point in the feeding process.

Pseudotropheus fuscoides Fryer. (Figs. 23-24)
As its name implies this species is very similar in structure to P . fuscus, 

similarity superficially extends to the dentition which consists of the 
arrangement of a row of bicuspid and -several rows of tricuspid teeth 

k°*h species. However, the bicuspid teeth of P. fuscoides are unequally
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bicuspid as opposed to the approximately equal cusps of P. fuscus, and are 
distinctly sharper than those of the latter species. This apparently trivial 
difference is correlated with a nuvthed difference in diet for P. fuscoides, while 
taking a little loose Aufwuchs. appears to subsist mainly on insect nymphs 
and larvae. In the six guts examined mayfly nymphs predominated, chiro* 
nomid larvae were fairly plentiful and a few hydropsychid larvae were seen

Also correlated with this dlife ranee in food preferences is the fact that P 
fuscoides has a larger eye than  h m  P. fuscus. This presumably facilitates 
detection of the prey.

Psemh't*\'u?h.cus elongatus Fryer
Only a very few specimens off this recently described species have been 

found and it is not an important member of the rocky shore community at 
Nkata Bay. I t  is a feeder on loes*e Aufwuchs and, judging from its dentition, 
can be inferred to collect its food fa  a similar manner to P. fuscus.

Pseudotropheus inryfocops Regan.* (Figs. 25—27)
This variable species sharps w ith P. zebra the distinction of being one of 

the two commonest fishes on the rocky shore.
The gut contents of 202 stxvfajsns ranging from 4*4 to 12*8 cm. in length 

as well as specimens collected else where, reveal that it subsists entirely on 

Aufwuchs and that both loose Anfwuchs and the firmly attached Calothrii 
are eaten. Occasional specimen which had little or no Calothrix in the gut 
were seen, but on the whole adga comprised a large percentage of the gut 
contents.

The mouth differs both from tin&t of P. zebra and its allies and from that of 
P. fuscus and related specie^ Ir & h y  no means so soft and mobile as is the 
mouth of P. zebra and consecuen ufty it does not suck the rock in the manner 
employed by that species. Oa the other hand it is not so rigid as is the mouth 
of P. fuscus and is slightly surtoctminal in position as opposed to the more or 
less terminal mouth of the

The dentition is similar to  t Aar of the other species of the genus in that to 
both jaws it consists of an outer rrow of bicuspid teeth and several (usual!) 
seven) inner rows of tricuspfa tecruh. The few outer lateral conical teeth ait 
however, larger than in the species discussed above and the lower jaw th* 
between them as the mouth closes; as can be seen from the illustrations.

The feeding process is meet: similar to that of P. fuscus than to that o* 
P. zebia in that the fish oftetr mums a single nip from the rock. During tl •• 
process, however, it would tuhat the lower jaw is actually scraped alou
the rock surface rather thaiA meTroly closing over the Aufwuchs growing * 
the point of application as i& nhuamse in P. fuscus. Because of the closed * 
arrangement of the rigid tric ing  A rteeth it seems probable that they will 
allow filaments of Calothrix to pass easily between them as do the homology*

As recognised here th is  species inn <ro*anos th e  form s previously described as ;
P. tropheops tropheop$ I&ftg#it P .  microstoma Trowavas
P. tropheops gracilor T rew * m *  p , macrophthalmus Ahl.

T he reasons for u n iting  these Uu«*i«rr one specific nam e will be given elsewhere.
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widely spaced, teeth of P. zebra. In this case, therefore, the effect will be that 
f a fine-toothed comb passing through dense hair, and filaments of Calothrix 

will be entangled in the teeth and dislodged. A final loosening of material is 
robably effected by a sideways or upwards jerk of the head at the completion 
f closure of the mouth.

B e s i d e s  taking single nips P. tropheops may make a series of such nips ; 
% p r o c e s s  which can be termed nibbling ; moving forwards slightly at the 
c o m p l e t i o n  of each nip in the nibble and completing about half a dozen nips 
< fore withdrawing its mouth from the rocks.

The function of the large, conical, lateral teeth is probably to cut through 
he edges of the mass of algae accumulated by the lower jaws as the mouth 
k*ses. Stouter teeth will be needed for this purpose in species which include 
he tough Calothrix in their diet than in species which collect only loose 

Aufwuchs.

Gephyrochromis lawsi Fryer
Five specimens of this species have been taken on the rocky shore, all in 

I t per water than that frequented by most of the rocky shore cichlids. Obser- 
a lions made further north, at Florence Bay, where this species occurred 
A n t  ¡fully among coarse shingle and boulders indicate that such conditions 
•‘her than truly rocky shores represent the optimal conditions for its occur- 

vnee. On rocky shores it can perhaps compete successfully with species 
y pi cal of this habitat only in deeper water where the population density is low. 

1 he gut contents consisted of loose Aufwuchs with which occurred a con
ic rable admixture of inorganic particles, much as was the case in two of 
'' i>ecimens of P. livingstonii which also came from relatively deep water. 
Fach jaw has five rows of teeth, the outermost of which consists of numerous 

long, slender, conical or slightly bicuspid teeth. (See Figs, in Fryer,
* >»a). Those of the lower jaw are distinctly protruded. The teeth of the 

’r rows are shorter and tricuspid. Such a dentition, and particularly the 
*mded oute row’of teeth of the lower jaw, will be suitable for scooping

* material from rock surfaces.

Cynoiilapia a/m (Günther). (Figs. 28-31) 
f his species bears a striking superficial resemblance to the blue and black
* barred form of P. zebra from which, however, it can readily be distin- 
^ ^ r i k i n g l y  different dentition. When observed in nature the mem- 
‘ the Xkata Bay race of this species can be readily distinguished from P.

* J> the possession of a lemon yellow dorsal fin and, incidentally, by a quite 
4 n*n* Pattern of behaviour.
vtaough phylogenetically closely related to Pseudotropheus and allied 
I 4̂  are rigorously confined to the rocks from which they obtain their 

K ^tkough its immediate ancestors were obviously rock dwellers, 
 ̂  ̂ ias evolved habits which are emancipating it from the rocks but which 

con^plctely done so.
^  sometimes occurring fairly close to the shore this species usually 

eeper water than the other Mbuna, Here it occurs in small
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shoals, which may, however, exceed a hundred individuals, and feeds lareelv 
on plankton Many of the specimens obtained were captured in n e ts V  
s lermen fishing just offshore near rocks for open-water species of 

The contents of seventy-five guts of specimens ranging from 5-4 to 9-0 cm’ I  le^ th’ collected at Nkata Bay, were studied in detail, and a considerate 
number were more casually examined. Of the seventy-five studied in detail 
orty-fjye contained only plankton, mainly zooplankton, in which Diaptomus 

kraepehni predominated ; twenty-five contained plankton with the a d d iS  
of other material, which consisted mainly of algae from the rocks and, in some 
cases, of chironomid larvae from the same source, and only five contained 
material derived exclusively from the rocks (chironomid larvae and Aufwuchs) 
n addition to these, the guts of several small specimens (about 5 cm. in lengthy 

were examined and found to contain plankton though, in contradistinction 
the larger specimens m which zooplankton predominated, there was a 

preponderance of phytoplankton and particularly of diatoms (Melosira 
Siurelluetc.). This species therefore, at all stages of its life history, occupies 

quite a different feeding niche from its relatives on the rocky shore.
The mouth is similarly constructed to that of P. zebra and is similarly 

j f i S f e  however, the wide gape « 1  follows as a natural consequent 
s mobility, is utilised, not so much for scraping rocks but for the taking in 

of water from which plankton is sifted. Underwater observations indicate 
that this species deliberately picks out planktonic organisms for swallowing 
and is not an indiscriminate filterer. e

The dentition vs rather striking, consisting of an outer row of rather long,
®Pacad’ sharP’ c°mcal teeth (Figs. 28, 30, 31), and several rather 

scattered and much smaller inner teeth. The presence of the conical teeth is 
somewhat enigmatical for, although they are apparently ideal for the removal 
of chironomid larvae from the rocks, they are not used to any great extent 
pr this purpose, for the fish is now largely a plankton feeder. I t  is presumed 
that they are indicative of past rather than of present feeding habits.

Genyochromis mento Trewavas. (Pigs. 32—36)
fiTj f  dentlt*on and feeding mechanism of whose remarkable diet

of fish scales has already been made known (Fryer, Greenwood & Trewavas,
), are among the most striking of those shown by any Nyasan fish. While 

\  as not be.en P0SSlb]e to actually observe this species, collecting its food, 
the examination of the gut contents of eleven specimens ranging from 6-0 to 

lenf th has shown conclusively that it subsists mainly on scales 
scrape  ̂ rom ot er fishes. One of the fishes examined was a female brooding 
young m its mouth and, as was expected, its gut was empty ; otherwise, in all 
save one of the alimentary canals examined; were found numbers of large fish 
scales identified as those o ia  Labeo and, by inference, as those of A. c y lin d r ic a l  
wuch is the only member of the genus Occurring on the rocky shore, and 

ere 1 is very common. The gut of the one specimen not containing fish 
scales was only examined after it had spent a night in an aquarium in which it 

ie . in  addition to these scales some smaller fish scales of unknown origin 
urre m one gut , fin rays, but no other fish bones, occurred in three guts
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Cynotilapia afra. 28. H ead  (lateral). 20. H ead  (dorsal).
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34. A nterio r view
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including the one in which no scales were found ; small amounts of filamentous 
algae among which Calothrix was recognised occurred in three guts and, most 
surprisingly as no snails have been found on the rocky shore, one gut contained 
a tiny gastropod mollusc. I t  is apparent, therefore, that the diet of 
consists of scales scraped largely from Labeo but occasionally from
other fishes, supplemented by pieces of fin bitten from other fishes, and by 
material scraped from rock surfaces.

The appearance of the gut of this species when it contains scales is highly 
characteristic for, in its median part where its internal diameter is only about 
2 mm., it may contain a plate-like pile of scales each about 10 mm. in diameter 
which bulge the gut considerably.

I t  is interesting to note that in the Tanganyikan scale-eating fishes of the 
genera Perissodus and Plecodus the scales are found piled one above the other
in the gut just as they are in G.mento (Poll, 1956 a). Incidentally Poll remarks 
that Perissodus microlepis Boulenger probably eats also les nageoires ou du 
moins les extrémités des rayons ” but presents no evidence to show that this 
is indeed the case.

I t  appears that this species can actually digest fish scales for those fairly 
well down in the gut are very soft and much eroded and only mush can be
found at the posterior end of the alimentary canal.

The mouth structure and dentition of G. mento are highly specialised. 
The lower jaw is very rigid and prominent and is lined on its outer margin 
by a row of sharp teeth which, while actually bicuspid, are functionally 
unicuspid, for the cusps are very unequal in size (Figs. 35) and the smaller 
serves largely to strengthen the larger and functional cusp. Internal to the 
row of bicuspid teeth are five rows of short tricuspid teeth which form a file-like 
series. The upper jaw, which, when the mouth is open, lies more or less at 
right angles to the lower jaw, is similarly armed.

If  the outer teeth of the lower jaw are inserted under the edge of a scale o. 
Labeo the scale is easily removed. I t  seems probable also that the sharp outer 
teeth will form a pair of cutting edges to sever the seized pieces of fin whic 
will be firmly held by the inner teeth.

Melanochromis melanopterus Trewavas
The gut contents of only five specimens, three of them less than 8 cm. » 

length and two exceeding 11cm., captured on the rocky shore have been 
examined, together with a few from adjacent rocky shores. These show tlw 
this species eats a variety of insects (mayfly nymphs, hydropsychid and clum- 
nomid larvae) and, when small, ostracods. One specimen 12-9 cm. in leng * 
had also eaten a crab, another, 7-0 cm. in length, contained the head of a snuw 
Mbuna, and a small amount of Aufwuchs was seen in one gut. The denti u . 
is reminiscent of that seen in Pseudotropheus fuscoides.

Haphchromiseuchilus Trewavas. (Figs. 37—40)
Although captured only in small numbers this distinctive species ^as î ^ t 

observed on several occasions during the course of underwater■ observa 
and there is no doubt that it is a permanent member of the rocky s
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community. I t  attains a length of at least 22 cm., and the specimens studied 
ranged from 5*7 to 22 cm. in length. Two of these were taken from rocks 
on the south side of the bay and their food, which is not included in that 
listed in Table 6, was very similar to that of specimens from the shore studied 
except that one contained a few small snails.

The food consists mainly of insect nymphs and larvae (see p. 222 for details) 
and is picked off from the surface of the rocks. Presumably correlated with 
the detection of such prey are the remarkably modified lips which are produced 
into enormous fleshy lobes. During the process of food collection, which has 
been observed in nature, these lobes are placed against the rock and pre
sumably detect the movements of the prey which is then picked off by the very 
simple teeth.

>
Haplochromis ornatus Regan

This species, of which six specimens ranging from 7*6 to 12*4 cm. in length 
have been studied, shows very similar but much less extreme modifications of 
the lips to H . euchilus, both the upper and lower lips being somewhat produced 
into fleshy outgrowths. The food taken too is similar to that taken by H. 
i uchilus and its detailed composition is listed on p. 222. /

Haplochromis kiwinge Ahl.
This species* which attains a length of about 30 cm., is by no means confined 

to rocky shores when adult, but juvenile stages (from 5 to 10 cm. in length) 
arc* an important constituent of the rocky shore fauna. The species is a 
mouth brooder and, although a female with young in the mouth has been 
mptured on the sandy shore studied, an observation made on a rocky shore at 
Ituanve when a female was watched “ brooding ” young about 2*5 cm. in 
bngth (Fryer, 1956c), together with the data relating to the occurrence of 
juvenile, specimens among the rocks, indicates that the early stages are spent 
mi rocky shores.

The young guarded by the parent at Ruarwe were seen feeding on parti
culate matter in the water, presumably plankton, and young of length 2*1 to 
- ,‘cm from the mouth of the parent captured on the sandy shore contained 
r * ¡plankton, mainly Diaptomus kraepelini and Mesocyclops leuckarti with some 
tytjmnosoma excisum. Zooplankton is also the most important single item
* diet of specimens up to about 10 cm. in length, though other food in the 

*'ifm °f aquatic and blown-in terrestrial insects is also eaten at this stage of
* e life history. (See p. 222 for more detailed analysis of the food of twenty-six 
; senile specimens). Larger specimens become wider ranging and, while

piscivorous, they appear to be essentially omnivorous. These larger 
 ̂ uluals are by no means so intimately integrated into the rocky shore

’ ‘Hiunity as are the juvenile stages, and indeed appear to be more frequent 
- ne sandy shore than among the rocks. (See notes on fishes of sandy shore).

* a?so move into deeper water where they make their .presence known by 
; scaring around anchored boats in quest of garbage.

* pecimens 5 to 10 cm. in length have quite different habits from the true rock
^  (Mbuna), being more active in movements and less concerned with
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40

46

Figs. 37-40 ,— H aplochrom is euchilus. 37. Head (lateral). 38. Fleshy lobes o f  ja 
forward to demonstrate their structure. 39. Anterior view showing mou
jaw and its dentition. . . , R i |

Figs. 41-43 ,— H aplochrom is Jenestratus. 41. Head (lateral). 42. Anterior view s o
43. Dentition of lower jaw. ’« ;

Figs. 44-46.—H aplochrom is polyodon. 44. Head (lateral). 45. Head (lateral) showing 
open to full gape. 46. Anterior view showing mouth open to^full gape.^g
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the material on rock surfaces. In marked contrast to the Mbuna they 
quickly congregate when a bait, either animal or vegetable is scattered in the 
water.

Haplochromis feriestratus Trewavas. (Figs. 41-43)
Of the cichlids not belonging to the Mbuna group this is the commonest 

species on the rocky shoie. I t  is a very generalised feeder, for examination 
of the gut contents of seventy-four specimens ranging from 5*3 cm. to 12-7 cm. 
in length, plus several examined elsewhere, reveals that while it subsists largely 
on loose Aufwuchs it also includes ostracods, Schizopera, and chironomid 
larvae in its diet. The gut contents sometimes give the impression that it had 
scooped up whatever material was present on the rock without exerting any 
selectivity.

It has a rather small and not particularly specialised mouth whose margins 
are rather sparsely armed with a row of bicuspid teeth, inside which are two or 
three rows of small tricuspid teeth with only a small number of teeth per row. 
Food is collected from the rocks by a series of pecks.

Haplochromis polyodon Trewavas. (Figs. 44-46)
This is the commonest and most abundant predatory fish on the rocky 

shore. The gut contents of twenty-four specimens, 7*5 to 28*9 cm. in length, 
from the shore studied, plus four obtained just over the boundary of the 
intermediate zone and three obtained elsewhere, show that it subsists almost 
entirely on fishes, though a few insects (Afronurus and Neoperla nymphs and 
chironomid larvae) were present in three guts. Because of the rapidity of 
digestion it was usually impossible to identify with certainty the fishes eaten, 
hut. as might be expected, they all appeared to belong to the family Cichlidae, 
fed in one case Pseudotropheus zebra was definitely recognised. Juvenile fishes 
definitely predominated in the guts, but the largest specimen of H. polyodon 
flight had eaten an Mbuna about 10 cm. in length.

The adaptations of this species are obvious—a rather long and slender 
body, large eyes, a mouth with an enormously wide gape, sharp baekwardly- 
-irected teeth, and a similarly armed pharyngeal bone. Most of these features 
£rie to be seen in the illustrations.

Haplochromis pardalis Trewavas. (Figs. 47-49)
This is another of the piscivorous rocky shore species, though it is not very 

mmon, only three specimens (length 14*4 to 16*4 cm.) having been obtained 
°m the area studied. One had an empty gut but the other two contained 
di remains.

its adaptations are similar to, but less pronounced than those of H: 
yodpn and are illustrated in the figures.

Haplochromis guentheri Regan. 
Underwater observations indicate that, wdiile

(Figs. 50-51) 
not verv common amon the
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Thirteen specimens ranging from 5*5 to 12*5 cm. in length have been pro
cured and their gut contents have been examined. While rather catholic 
in its tastes it definitely shows a marked preference for one kind of food which 
is apparently not exploited by any other species on the rocky shore, namely 
filaments of algae, other than Calothrix, growing on the rocks. These filamen- 
tous algae, whose strands are rather longer than those of Calothrix are mostly 
blue green (Lyngbya ?) but the few strands of green algae which occur am 
also eaten.'* To see a gut of this species containing these algae after dissecting 
a large number of specimens of other species from the rocky shore brings home 
very clearly the fact that a very deliberate selection of food is made at times. 
Nine of the thirteen guts examined contained such algae ; in five cases to the 
exclusion of all else. Loose Aufwuchs was present in eight of the guts in van** 
ing amounts and comprised the bulk of the food in two cases ; rock-dwelling 
invertebrates, mostly ostracods, Schizopera, and chironomid larvae, were 
present in two guts ; and the contents of two guts indicated that the fishes 
concerned had ventured onto the sand for they contained, among other materia! 
fragments of Corbicula, and one contained a few sand grains.

Scanty underwater observations reveal that this species picks its food 
from rock surfaces in single nips, but its feeding behaviour has not been observe! 
in detail.

The jaws and teeth are weak, being in this respect “ unique in Haph* 
chromis” (Trewavas, 1935). The dentition consists of an outer row of small, 
sharp, rather unequally bicuspid teeth and two inner rows of tiny tricuspid 
teeth. The arrangement of the teeth on the jaws is shown in Fig. 51. When 
the mouth is closed what are in effect two spiny ridges come together. The* 
will be suitable for gripping the rather, long slender algal filaments for which 
this species shows a distinct predilection.

“ Nguwa ”
The above is the local (Chitonga) name for the female of an as yet undescribc* 

species of Haplochromis belonging to or closely related to the “ Utaka group 
I t  is not however H. cyaneus, which name is given by Bertram, Borley 4. 
Trewavas (1942) as the scientific equivalent of “ Nguwa ” at Nkata Bay» 
The male of this species, while recognised as the mate of the female, is -referred 
to in Chitonga as “ Chipali A description will be published in due cour^ 
by Mr T. D. lies.

This species was caught in considerable numbers in 2 | inch mesh gill 
during the months when these were set on the rocky shore, viz. March, i\pn 
May, September and November. Unfortunately no information is avaiM ̂  
for other months but in all cases the specimens, eighty-seven of which 
studied, measured from 18*1 to 21*0 cm. in length and almost all were 
ripe or, in a few cases, spent. Of these all save nine had either empty gut5 
contained traces of indeterminate slime. The food present indicated ^ 
omnivorous diet. Three contained zooplankton, one contained fish ren^y- 
one was crammed with winged termites, three contained Calothrix dernu 
from the rocks, this being accompanied in one case by some mayfly 
and the other contained a few fragmentary insect remains. I t  seems pro v *
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herefore that this species visits the rocky shore, usually at night, for the 
Purpose of laying its eggs, which are then picked up and carried by the female. 
'Hie indications are that it breeds throughout the year.

While this species appears to require a rocky shore for breeding purposes 
¡t is not, however, a regular member of the rocky shore community and it 
* pears to play little part in the trophic interrelationships of the biocoenosis.

Labeo cylindricus Peters. (Figs. 52-55)
This is the commonest and most important non-cichlid fish on the rocky 

diore. A few specimens have been collected on sandy bottoms but never 
nore than a few yards from rocks. I t  is a bottom dweller with a ventrally 
riluated mouth which obtains all its food from the rocks among which it lives. 
Examination of the gut contents of sixty-five specimens ranging from 12 to 
31 an. in length obtained from the rocky shore studied, and of others collected 
iknvhere, shows that the food consists almost entirely of loose Aufwuchs 
and such detritus as tends to accumulate on the rocks in the deeper water 
ilom-f) which it frequents as well as the shallower inshore waters. A certain 
amount of Calothrix is eaten but many guts examined appeared to contain only 
! Aufwuchs.

L, cylindricus can very easily be seen feeding in nature though details of 
she process are difficult to observe. The mouth can be seen moving rapidly 

the fish lies over a rock and, as it moves away, a distinct bare area, approxi
mately circular if it remained stationary during the browsing process or more 
d m irate if it moved forward, remains to show where it scraped material 
from the rock. Material is removed very quickly. Such “ b a re” patches 
tan be readily picked out during underwater observations and show clearly 
'*.ht*re L. cylindricus has recently fed. One rather important feature of the 
f ading behaviour of this species is that it has only been observed to feed on 

proximately horizontal surfaces and has never been seen browsing on vertical 
wfaces..

The structure of the mouth is very similar to that of L. horei (Cuvier) as 
• bribed by Girgis (1952), and the feeding mechanism appears also to be 
’ malar. The protractile mouth is situated ventrally, is crescentic in shape 

closed, and is bordered by fleshy mobile lips each of which bears on its 
ma r face numerous rows of sensory papillae (Fig. 55). The rim of the lower 
P is* also provided with a row of short sensory tentacles. These papillae and 

v**Ueles are probably much more important than the eye in food location. 
? 4 - h lip overlies a horny pad whose contours match each other so as to allow 

‘ t wo to come together and form as it were a pair of cutting blades.
Luring closure of the mouth the horny pads must pass over the rock 

but often they are apparently not pressed firmly against it or they 
 ̂ - d always remove the omnipresent tufts of Calothrix. I t  seems probable 

- d that much of the loose material eaten is actually sucked into the mouth 
expansion of the buccal cavity, and that the horny pads are not always 
; 4i *r the purpose to which they seem so obviously suited and for which the 
^•jgous structures in Varicorhinus nyasensis (see below) are most certainly
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The structure of the pharynx and its teeth, and presumably its mode of 
Girgis’ ^  Similar t0 th°Se °f L ' horei described in considerable detail by

Throughout life the snout of this species is covered by horny warts of verv 
ard, almost bony, consistency. During the course of its grubbings about

50. fie,«! (lateral), 51. Dentition of lower jaw.
Figs. 52-55.—-ia fteo  cylindrieux. 52. H ead  (lateral). 53. H ead  (ventral) to  show mouth- 

54. D etails » /  m outh . P . - H o r n y  pad s exposed by  folding back fleshy lips. T.-Sensory
F. WmmI t  nner SUrfaC6 ° f  lower liP showing sensory papillae.
r ig s . 50-58.- -Bathyclarmsworthingtoni. 56. H ead  (lateral). 57. O utline o f m outh  (anterior).

58. Head (dorsal).
Figs. 59-61 .-Mastacembelus Mranus. 59. H ead (lateral). 60. A nterior p a r t  of head (venti*a

61. Anterior part of head (dorsal).
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among the rocks it is probable that it not infrequently bumps its snout, and 
it is suggested that the warts may serve as “ bumpers ” to prevent abrasion 
of the skin in this region.

Varicorhinus nyasensis Worthington
This fish, which attains a length of more than 29 cm. is not uncommon 

among the rocks where it occurs in shoals of up to at least fifty individuals. 
It is a very active species and the shoals can usually be observed only for brief 
periods before they move away. Paradoxically more specimens have been 
obtained from tne sandy shore during what appear to be migratory movements 
than from among the rocks.

The gut contents of forty-three specimens ranging from 16*5 to 29*4 cm. 
in length were examined and, while several of the specimens on the spawning 
run were empty, sufficient information has been obtained to show that this 
species takes a mixed diet among which, however, Calothrix scraped from the 
rocks is apparently the main constituent. A few contained fragmentary 
insect remains and one contained several winged termites, obviously devoured 
after a hatch, one contained a trace of macerated plankton, and one which had 
passed over the sandy shore during the spawning run had picked up a few 
fragments of YaUisneria. Some contained ostracods obviously scraped up 
with the algae from the rocks and two contained Spirogyra which had probably 
been collected in Crocodile Creek or had been swilled down from the creek 
into the lake by the spate which was running at the time.

The ventraHy situated mouth (Fig. in Worthington, 1933) is in many 
u ays similar to that of Labeo cylindricus and has similar horny scrapers. These 

yie obviously used for the purpose for which they are so admirably suited—- 
scraping rock surfaces.

The specimens taken on the sandy shore were all collected between February 
ind April when there was considerable flow of water from Crocodile Creek by 
tt hose mouth tney were captured. Members of both sexes were “ ripe ” and 
jtady to spawn. The fact that they had come from the rocky shore was shown 
§ f§^ presence of Calothrix, sometimes in large quantities, in the guts of some 
0 them. The obvious inference, supported by reports from African fishermen

0 are very knowledgeable on such matters, is that this species normally 
nes among the rocks but ascends rivers to spawn during the rainy season. 
'Science that it runs up rivers to spawn has also been collected elsewhere, 
fr h* mid~Febr3ary -D- Harding brought back from Karonga a specimen

this species which was one of several collected at the mouth of a river.

Although li: 
occurs in equal i 
^urvvalence is 
particular kind 
u'ater and \vat< 
^agth) can alw 
“bore. Those«

Barilius microcephalus (Gunther)
*?d as a member of the rocky shore community this species 

abundance on both the rocky and sandy shores. This ecological 
a reflection of its feeding habits for it is not bound to any 
of substratum but collects most of its food from the open 

surface. Juvenile specimens (up to about 10 or 12 cm. in 
"ays be seen when fish watching on either the rocky or sandy 
totally swim, either singly or in shoals of up to about a dozen
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individuals, just below the surface, thus differing in habuts from most of the 
other fishes of the rocky shore which, with the exceptions of Cynotilapia afra 
Haplochromh H%cinge, and to some extent Varieorhimvx nyasensis, live in 
close contact with the rocks themselves. Larger specimens are very seldom 
seen and, although gill net captures show that they do corme inshore at times 
it is presumed that this species moves to deeper water ais its size increases! 
Although small specimens are very common they are ncrt easily caught for 
although they can he readily induced to swim over a carpet met, their cylindrical 
bodies pass easily through even fine meshed nets.

Combining the captures from both rocky and sandw shores gives a total 
of twenty-six fishes whose guts have been examined. Tlhese ranged from 3-1 
to 29*8 cm. in length but most did not exceed 10 cm. Tine predominant food 
of all these specimens was terrestrial insects (adult midiges, termites, ants, 
beetles, etc.) blown in from the shore, and it was interesting to note that even 
the very smallest specimens (3 to 5 cm. in length) usuallty had such material 
in the gut, though these tended to take a fair proportion! of bottom animals 
such as minute chironomid larvae and, in one case, ostrracods, as well as a 
certain amount of both phyto- and zooplankton, in ¿addition. Only one 
specimen (length 6-3 cm.) was found to be crammed with zmoplankton though a 
few others had zooplankton, including the larvae of Correthra, in the gut in 
addition to other material. Occasional bottom animals ssuch as chironomid 
larvae and once a hydropsychid larva were also seen ras were chironomid 
pupae (presumably caught as they rose through the waiter), and occasional 
fragments of algae. A specimen 27 cm. in length contaimed fragmentary fish 
remains. These gut analyses are very similar to thosse made on the few 
ungutted juvenile specimens available to Worthington (11933). I t  is worthy 
of note that in addition to the specimens about 3 cm. in lemgth which could be 
identified as belonging to this species others a little less tilian 3 cm. and which 
almost certainly belonged to this species, were also foundl, and Worthington 
had for examination specimens only 2 cm. long which limd been collected in 
the lake itself. The presence of such small specimens ¿indicates either that 
young very quickly come down from the rivers in which soome of them at leâ t 
are bom, or than and more likely, the story told by Africcan fishermen of two 
P kinds ” of Sanpka ”, one of which spawns in rivers aand the other in the 
lake itself, is true. This seems very likely as there is noo river up which this 
species is known to run, within many miles of the pointt oat which these tiny 
specimens were found. I t  may even be that these “ races ? o’, if they exist, differ 
in certain morphological characteristics, and this may: iin part explain the 
variation encountered by Worthington in his material. .

Bzfvydarias worthingtoni Jackson (Figs.. 356-58)
This is the only species of its genus which occurs reguMarly among the roc** 

of the rocky shore. I t appears to spend the early part of bits life near the shof* 
(though whether the species actually spawns there is not kknown). and moves 
deeper water after attaining a length of about 30 cm. l i t  is a very retinas 
species which lives under stones and is therefore not to hbe seen during under
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v iter swimming operations. While a few specimens have been caught in gill 
most have been caught on hooks baited with worms and dangled among 

the rocks.
The gut contents of sixteen specimens obtained among the rocks, ranging in 

ViK'th from 7*8 to 35*5 cm., have been examined together with two specimens 
from similar situations at Likoma Island both of which, however, were empty. 
The food of twelve of these specimens included ostracods (Cypridopsis) which 
Miien occurred in large numbers and which appear to be a very important article 
uf diet in specimens up to 20 cm. in length, and to be eaten by specimens even 
larger than this. Aquatic insects, of which chironomid larvae were the most 
frequent but among which NeoperJa and Afronurus nymphs, anisopterid 
dragonfly nymphs and hydropsychid larvae were also recognised, also occurred 
inTjuently, and mites (four times) and terrestrial insects (once) were also seen. 
Five of the larger specimens (all of 18 cm. or more in length) also contained 
rvrnains of the crab Potamonautes lirrangensis, these ranging from whole crabs 
pf small size, some of which could not long have been released by the brooding 
f male, to broken carapaces and isolated appendages of rather larger, but not 
large, specimens. One of the specimens with crabs in the gut had also eaten 
un unidentifiable fish and one, caught in a gill net, contained many Labeo 
nailes possibly scraped from a fish entangled in the net before it was itself 
raptured.

Crabs seem to play an increasingly important role in the diet of this species 
a* it becomes older for they are the most important single article of food taken 
by t he larger individuals of which numerous specimens have been taken in gill 
* is set in deep water (up to 40 m.) off shore by Mr T. D. lies. These not 
unnaturally eat larger crabs than do the smaller individuals living close inshore.

While the long barbels of this species are probably of considerable value in 
Mping.it to detect its prey and “ feel ” its way among the rocks both when 
} *>ung and when older and living in deeper water where light intensities are 
? av, and are probably more important in such situations than are eyes which, 
' ‘ unexpectedly are very small, one is cautioned against attempting to point 
*■'’ adaptations such as this in the Clariidae by the fact that the Nyasan 
representatives of the family have adopted various modes of life and a variety 
’ diets yet all exhibit the above features and many have a similar type of 

; ^tition. The hard palate of the present species, however, will be helpful in 
U' -‘ crushing of crabs.

Mastacembelus shiranus Gunther. (Figs. 59-61)
This species leads a very secretive existence under rocks and is only seen 

 ̂ * n these are turned over. I t  then dashes frantically for a new shelter.
yough seldom seen it is apparently not uncommon, and Africans state that 

T ,j‘ie days when fish poisoning was carried out among the rocks it was caught 
-»rge numbers.
"  ̂ eral specimens have been caught on hooks baited with worms and 

^ ¿ cd among the rocks, and thirteen guts (of specimens 7*5 to 27 cm. in 
t -1) have been examined. These showed that it feeds on aquatic insects—
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mayfly (Afronurus) and stonefly (Neoperla) nymphs, and caddis (hydropsyehid) 
and chironomid larvae. One specimen (24 cm. in length) had eaten a small 
crab and one contained a piece of woody plant tissue.

Although a specimen of this species has been collected in a somewhat 
swampy river there is no doubt that its smooth eel-like body is well suited to 
wriggling underneath rocks and between the narrow spaces encountered there 
In such situations touch and taste are likely to be of as great or greater value 
than sight. The eyes are indeed small and there is at the tip of the snout a 
remarkable compound tentacle consisting of a median sensory lobe on each 
side of which are located the nostrils (Fig. 59). This is ideally situated for 
exploring the physical environment and for the detection of prey.

The lower jaw is exceedingly strong and its somewhat rounded inner (upper) 
surface is beset with small teeth which, when the mouth is closed, meet with 
the U-shaped band of teeth on the horny inner (lower) surface of the upper 
jaw. This arrangement is eminently suitable for the crushing of insects 
and crabs.

Bagrus meridionalis Gunther
This species, which lives in deeper water off-shore, sometimes visits the 

rocky shore at night as was shown by the capture of twelve specimens ranging 
from 40 to 62-8 cm. in length caught in 4 inch and 5 inch gill nets. Only two 
of these contained food which in both cases consisted of fishes, though in neither 
case was it possible to identify the prey. Mr T. D. lies has accumulated a 
large body of data concerning this species and has found occasional rock fishes 
in the stomachs of specimens captured in deep water off rocky shores, though 
the importance of this group of fishes as food for B. meridionalis appears k* 
be slight.

Besides these large specimens a small individual (length 10*5 cm.) has been 
collected among the rocks. I t  contained a mayfly nymph, a chironomid 
larva, some other unidentified insect fragments and the remains of a prawn; 
the latter indicating that it had visited the sandy shore.

By day neither young nor old specimens of this species have been se e n  

among the rocks.

Other fishes of the rocky shore
While the above account covers the most important fishes of the rocky 

shore it does not include all those which have been found there. A  few oth * 
species which are to be regarded as rarities or casual visitors have also bees 
seen or collected. These include two clariids (both at least partly predacion? 
Rhamphochromis spp. (predators), Aristochromis christyi (predator), - 
undescribed Haplochromis related to //. pardalis and H. livingstoni (p^ 
dator), Serranochromis robustus (predator), members of the “ Utaka group 
of Haplochromis (plankton feeders), particularly “ Mburuli which sometim " 
visits the shore in considerable numbers, apparently for the same reason 

Nguwa ”, and two unidentified ciehlids, both probably new (insect cat* 
and mild predator), and at least one unidentified species of Barbus (brow^ * 
They also include a very few specimens of Cyathochromis obliquidens an>u *
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ecimen of Pseudotropheus lucerna which had strayed just over the boundary 
)in the intermediate zone and which are mentioned in the section on the 
hes of that zone. The species of Rhamphochromis tend to occur in rather 
eper water than that found in the littoral zone and are thus seen mostly 
the fringes of the rocky shore. They appear to prey more upon the open 

iter plankton-eating species of Haplochromis than on the littoral fishes.

(b) The sandy shore

Lethrinops brevis Boulenger. (Figs. 62—67)
This is a common species on the sandy shore and occurs also in the inter- 

diate zone. The gut contents of thirty specimens from the sandy shore 
tl four from the intermediate zone ranging from 9*2 to 14*5 cm. in length 
ve been examined. These reveal that Lethrinops brevis feeds almost exclu- 
cly on chironomid larvae dug from the sand, for the gut is usually crammed 
th a mixture of these organisms and coarse sand grains. The chironomid 
vae eaten are small, seldom exceeding 5 mm. in length. Other food in the 
*m of an occasional chironomid pupa and a very occasional ostracod, and 
(v a caddis larva, has been seen in the gut, but there is no doubt that sand 
e!ling chironomid larvae constitute almost the sole food of this species.
1 he snout is fairly sharp and the lower jaw is fairly long and pointed and 

steel to dibbing in the sand when the mouth is protruded as shown in Fig. 63. 
:<* teeth are very weak and only those of the outer row are likely to have any 
mtional significance. These are slender and recurved, and it is possible that 
¿en the mouth is closed they help to retain its contents. The gill rakers are 
v in number, there being seven or eight on the lower part of the two anterior 
lies and no more than ten on the fourth arch. This arrangement of the gill 

MTS is eminently suited to the process of feeding which takes place in L. 
° / ' r (see below) and which probably holds good for this species also, though 
* remains to be confirmed by actual observations.

Lethrinops furcifer Trewavas. (Figs. 68—71)
J his is the.commonest fish on the sandy shore where it occurs in considerable 
u >ers; ¡5§ n°f associated with weed beds but occurs in areas of bare sand 

1 f M*hich it hovers.
*c gut contents of seventy-four specimens ranging from 9*0 to 15*5 cm. 

-*flh show that, like L. brevis, its food consists almost entirely of chironomid 
\ iU' (juS from the sand. As in L. brevis these chironomid larvae, which are 

, *10 saine s*ze as those eaten by that species, are mixed with coarse sand 
and indeed typical gut contents of the two species are indistinguishable. 

f  .^specim ens deviated from this very distinct diet. One had eaten six 
*lc fishes each about 1 cm. in length which still retained traces of the 
. . an<̂  were still at a stage of development at which they would receive 

rr }>. Care’anc  ̂one contained several cichlid eggs (perhaps, however, ingested 
Xt T\) 4jV keen spat out by a brooding female during or immediately after
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The mouth structure of this species is very similar to that of L. brevu 
described and figured above, and is similarly protractile. The gill rakers are 
few in number, there being only eleven or twelve on the most anterior arch. 
(Pig. 71).

Figs. 62-67.—LethHnops brevis. 62. Head (lateral). 63. Head (lateral) showing mouth P1"0' 
truded. 64. Anterior view showing mouth. 65. Outline of open mouth. 66. Dentition 
of lower jaw. 67. Single tooth of outer series viewed from inside.

Figs. 68—70.—Feeding behaviour of Lethrinops furcifer, and Lethrinops sp.
Figs. 71.—Gill rakers of Lethrinops furcifer.

Fig. 72.—Gill rakers of Lethrinops sp.
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This species is indistinguishable in the field from Lethrinops sp. which is 
t scussed below and the feeding behaviour described here may apply to either 
iHhe two species but almost certainly applies to both.
1 peeding takes place as follows. The fish hovers over the bottom, then, 
with its body at an angle of between 20° and 35° to the horizontal, it plunges 

snout into the sand so deeply that the snout is buried almost to the level of 
the eye (Fig. 99)* The mouth is presumably opened during this process though 
tJjjs cannot of course be seen. After filling its mouth with sand the fish then 
withdraws its head, moves a short distance from the sand, and discharges the 
main bulk of its mouthful of sand via the opercular apertures (Fig. 70). The 
5and is ejected in two dense backwardly directed jets, followed after brief 
intervals by two or three smaller clouds of sand as the mouth is emptied of its 
contents. Presumably the chironomid larvae, and the large sand grains, 
which are found in the alimentary canal of this species are sieved out by the 
,ull rakers as the mouthful of material collected is strained in the manner
described. ¡j .

After the taking of a mouthful of sand in the way described above a distinct
¡»it is left in the sand. Literally thousands of these pits can be seen on the 
sandy shore after periods of calm weather, and serve to give some measure of 
the intensity of the feeding activity of the species of Lethrinops in this habitat.

Lethrinops sp. (Fig. 72)
This species bears a remarkable similarity to L. furcifer with which it 

co-exists, and indeed can scarcely be separated from it on gross examination. 
It differs, however, in the number of gill rakers, having sixteen or seventeen 
on the anterior arch (Fig. 72), and in the pharyngeal bone which is slightly 
more slender than in L. furcifer and has rather more and finer teeth. I t  also 
differs markedly in the kind of food taken. Like L. furcifer it obtains its food 
from the sand, presumably by a similar feeding mechanism. The food, 
however, as shown by the examination of the gut contents of twenty-three 
specimens ranging from 9*9 to 20*0 cm. in length and one specimen from an 
adjacent sandy beach for comparative purposes, consists largely of ostracods 
- ypridopsis) which are always mixed with sand grains whose average size, 

however, is much smaller than those found in the gut of L. furcifer. The har- 
pacticoid copepod Schizoperct consimilis is also eaten and is sometimes present in 
considerable numbers in the guts, and occasional chironomid larvae* are also 
eaten though these, when present, are definitely smaller than those eaten by L . 
furcifer. Larger chironomid larvae such as are eaten by L. furcifer appear to 
he definitely avoided. The difference in food from that of L. furcifer can be 
definitely correlated with the finer nature of the sieve formed by the gill 
^hers, and the more finely-toothed pharyngeal bone is presumably also 
adaptive.

The fine gill raker sieve would, of course, sift out coarse as well as fine sand 
^ in s  and it is presumed either that these are never taken in or, more likely, 
fiiat such grains are spat out via the mouth, but this supposition awaits 
^nfirmation by observation.
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Haplochromis similis Regan. (Figs. 73-75)
This species occurs commonly on the sandy shore and in the intermediate 

zone. I t  has also been found in Crocodile Creek but it does not appear to 
venture onto the rocky shore.

The gut contents of twenty-three specimens ranging from 6*5 to 17-0 cm. 
in length taken from the sandy shore and the intermediate zone (where it 
feeds similarly) show that here it subsists on pieces chopped from the leaves 
of Vallisneria, together with the Aufwuchs growing thereon, and on bottom 
material which includes diatoms and other algae as well as detritus whose 
origin is often betrayed by the presence among it of sand grains.

There is no doubt that much of the chopped Vallisneria is digested, 
presumably because the cell walls are ruptured during the process of triturition 
between the toothed pharyngeal bones.

The oral dentition consists of an outer row of stout bicuspid teeth and 
four or five rows of smaller tricuspid teeth (Fig. 74). Because of its shape 
(Fig. 75) each outer tooth forms a small cutting blade. Each jaw therefore 
has a sharp-edged margin and a roughened inner band. Such a dentition is 
well suited to the seizing and cutting of water weeds, and it is interesting to 
compare it with the very similar dentition of Tilapia melanopleura which takes 
similar food.

Haplochromis johnstoni (G iinther)
This species occurs both on the sandy shore and in the intermediate zone, 

attaining its greatest numerical density in the latter ; this being correlated 
with its preferences for beds of Vallisneria which are more abundant in the 
intermediate zone than on the rather bare sandy shore. I t  is usually to be 
found among beds of Vallisneria where it is fairly well camouflaged by its 
colour pattern of dark vertical bars on a golden ground which, particularly in 
small individuals, harmonises fairly well with the strap-like leaves of the 
plant. (The Chitonga name for both Vallisneria and H.johnstoni is the same— 
“ Masimbe ”) I t  picks its food both from the plants themselves and from the 
sand a t their bases.

The gut contents of eighteen specimens ranging from 9*0 to 16*0 cm. in 
length collected both on the sandy shore and in the intermediate zone, as 
well as of three specimens from sandy shores elsewhere and some young from 
the mouth of a mother, have been examined. These showed H . Johnston* 
to be essentially carnivorous and to have catholic tastes. In the eighteen 
specimens from the shore under consideration the most frequently occurring 
item of food was mayfly nymphs (baetids) which occurred in eight guts. The 
next in order of frequency were ostraeods (seven guts) and fish (six guts}* 
The fish were practically always unrecognisable but included young cichlids* 
Other foods and their number of occurrences were, fragments of Vallisneria 
(five), gelatinous colonies of algae (five), prawns (two), chironomid larvae. 
terrestrial insects, mites, lamellibranchs (Corbicula), gastropods, and cyclopoi^ 
copepods (once each). While some fragments of Vallisneria may have been 
accidentally ingested when snapping at animals, the amount present in some 
cases indicated deliberate ingestion.
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Haplochromis moldTrewavas
This is a mollusc feeder and as such one would expect it to be confined to 

. j <andy shore and intermediate zone, so it is rather surprising that two of the 
!'1. b specimens captured came from just over the boundary of the rocky shore. 
m m  food, however, had come from the sandy shore so perhaps this is a 
aidering species. H. mola does not appear to be very common on the shore 

-udied, possibly because the area of sand is small and would hardly be expected 
.support a large population of mollusc-feeding fishes.

73-75.—. H aplochrom is s im ilis . 73. Head (lateral). 74. Section of dentition of upper
jaw. 75. Teeth of outer series. (Both jaws similar.)

Ti$*. 76-77.— A lestes im beri. 76. Head (lateral). 77. Anterior view of teeth.

The food of all seven specimens (length 9*5 to 14*0 cm.) consisted essentially 
molluscs. All contained gastropods among which Melanoides tuberculata9 

8mall specimens of Lanistes procerus, and Gabbia sp. were recognised, and four 
ntained also remains of the lamellibranch Corbicula. Four also contained 

teect remains (chironomid larvae and mayfly nymphs) but in contrast to the 
molluscs their importance was small. One had also eaten a prawn.

The most outstanding adaptation of this species is undoubtedly the 
Stmctiire of both the upper and lower pharyngeal bones which, as in mollusc- 
ceding cichlids found elsewhere, are armed with a few very large flattened 
' Hidying teeth. The lower bone is also much thickened for strength. The 

in each jaw are small but strong and form small areas in each jaw well 
adapted for picking up objects of small but not minute, size.

Haplochromis dimidiatus (Gunther)
This species is fairly common on the sandy shore and also frequents the 

•ermediate zone. I t  is an active species and attains a length of more than 
;:r> c*m.

The food of twenty-one specimens (two from the intermediate zone and 
&om the edge of the rocky shore) was examined. These ranged from 8*0 to
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• i AHVimurh definitely carnivorous and with a dentition
25-6 cm. In lengtlj. S : ens contained the remains of higher plants,
suited to this diet eig P Vallisneria. The indications are, therefore, that 
identified in seven cases , ingested The rest of the food was animal 
some plant material is < fishes in six. In one 
in origin. Terrestna rPcosnised as being
case the fish eaten was e m ^ Termites were well represented amongand other prey included. young cichhds. term ites w e ^  M g  > K «
the terrestrial insects, u^ °^ e ,c ithree times) chironomid larvae, ostracods, 
foods were mayfly nymphs <baetld^  ^  fragments of filamentoiumS MgsgSKS m - B8 1 ¡S

a n  1  the ope, water end ordy ,  sm.D

I ?  they had in their i l  268 ostra'cods and a very few other animal remains.
Haplochromis rostratus (Boulenger)

1956 C)> , • i f t h ,  nn the sandy shore contained five young fish»The single specimen caught on me sanuy
som e cassava w ashings a n d  san d  grains.

Haplochromis moorii (Bovlen ....

This species, whose .peculiar appearance is well ^ H a n d y  shore§but ten-

^ a o e .  sandy shore had

sim ilar m ateria l.
Haplochromis chry(Boulenger) . 5

A lthough  a  m em ber of th e  j  U ta k a  g roup  |  
open  w a te r  p lank ton-feed ing  fishes, ‘h is  be f T n d  0„  the  « *
th a n  m o st o f i ts  n ea r  re la tiv e .,*  a n d  ,s « 2 » | | | g g g  ^ t h  n»r 
shore. One such a d u lt  h a d  supp lem en ted  i ts  d  P1 ng in t
nym phs. O n e  specim en cau g h t m  a  sem  17 m m  in  leng th , inclaC
mouth The gut contents of ten of these, each 1 or ' of filanicntv
S S  detritus, centric and naviculoid diatom , *
algae, a few ostracods, and, in one case each, a tmy enno

10 7 . . .1 • ___ _ fTAnua.
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1 r>( Vnllimaria All this food had been collected from the
S r » "  species moves onto sandy shores for the purpose 

,f brooding its young.
Tilapia of the saka-squamipinnis group 

Juvenile members of the I g

, f e a„ r s 4 116 7 :

, lcngth (the “ T o  K o s t  common during the early
riminate between the aP^ v sL cim ens have even been met with on the rocky 
louthis of the year, and a few sp . local movements at this time.
„„re during ^ [ ¿ 7 "̂ T T h e  said is that while other

As to the identity of these , identified T. squamipmms
embers of the orgamsation a t Nkata iiay Eg specimens from

Gunther) from adults ° ° ^ t e d  eĉ 6r1®n th had th ;  morphological charac-

: !: S e e i n g  h S s T  t l iT p U e s 3 s o  accords bettor with what Lowe f^und 
cut about T. sakathan about T. squaniijnnms. ^   ̂cm in length, from

i; 1*11, they had fed on the bottom. yp y , • iv ¿ue the presence
u* end with grit and detritus, being greems iensth  where this material
f fresh plant ^  scrutiny of the debris showed the green tinge

* lunentous algae among a i^H hicluX d  fragments of Vallismria among their
> iy by three specimens which included fow from the rocks

• •1. Specimens from an adjoimng san y qjmilar eut contents
-! fed likewise. Specimens from Croco 1 e ^ ee . , ^   ̂ rather different

‘ •:t the presence of a more muddy bottom was reflected by their rattier our

1 ^ (1 9 5 2 )  found that T.saka and 
**u.r phytoplankton when this is plentiful but turn b o t t ^  bwws.l g

• c, of phytoplankton scarcity. The fact that a t
-ys to browse on the bottom may not be unconnected fo®

-•.plankton in this part of the l a k e lake where most of 
nance than in the more eutrophie South Ea mnlnde orsa-
««•» work was carried out. I t  is possible th a t the food 
** such »  proteoans which will uot be easdy deteci f 7 T o ™ r i s m s  to 

• that in L. Victoria he found heavy populations of u - n la m a  ”
* tottom deposits w hich “ were no doubt ingested and digested by 3 .topi* •

Tiianio sMrana Boulengerr  i L T4* ia
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thio?-ltS °f f°Ur specimens ran§ing fr°m 13-8 to 25 cm. in length were indis. 
fT.Qn,!,lsIiable from tbose of tbe previous species. One contained also a f0„. 
lranJfncnts of Vallisneria. ew

Tilapia melanopleura Dumeril
on K ?is species is definitely  rare on the sandy shore. When present it feed? 
of si ( aIHmeria- Bertram et al. (1942) record similar food from the stomach" 
Cerat* Nyasan spec™ens of this species and Lowe (1952) records it as eatin* 
its i<>\°P îy^um m the southern part of the lake. As Bertram al. point out 
p u l l i? 'S haVe a stron* dentition. They are well suited to seizing a plant and 
& £ *  fragments from it as can be seen by putting a leaf between them
tee th 1g them’ aild VllWmg- The leaf breaks alonS the line of outer, bicuspid' 

and the seized piece remains clamped firmly between the pads of posteriortricns,
jpid teeth. This dentition is very similar to that of Haplochromis similú

whio^h takes similar food.

Alestes imben Peters. (Figs. 76-77)
in l e t ^ ĈmenS tb*S cbarac™ up to about 16 cm., but seldom less than 8 cm. 
witholii- °ften ° CCUr “  considerable numbers on the sandy shore, but it h 
been s!Ut d°Ubt a rovinS species and is not always present. No specimen ha- 
from i FCCn °r Codected on the rocky shore so it is presumed that shoals move 
times °ne Sandy sh°re another or, on occasion, move, up rivers, for it some 

0 ,; occurs in Crocodile Creek and has been found in nearby rivers.
examh? 1 content® of thirty-f°ur specimens 7-6 to 16-5 cm. in length, wen* 
W ort ”-ed' " ŝ b̂e 6986 of Nyasan examples of this species examined by 
indue; dng^°n and Betram et al.(1942) these showed it to be omnivorous 
also a W -aS thCy did insects (mainly terrestrial—termites, beetles, ants—bin
cassa\-a numbfr of mayfly nymphs), plant fragments and seeds, maize and 
cas«aA Va wasbmgs, and, in one case, fish remains. Many contained maize and
Africi • 'a washings resultin§ from the washing of these materials on the beach In 

ejpin women.
relatiw-6 Striking dentiti°n °f this species (Figs. 76-77) is suited to seizin? 

vely large objects either in the open water or from the bottom.

Barbus johnstonii Boulenger
like JjSIl B encountered from time to time on the sandy shore anti i-
7-5 to ^ St members of its genus> a bottom feeder. Nine guts, of specimen 
of th e j' Cm contained a preponderance of vegetable matter,
wppp , m containing fragments of Vallisneria. Filamentous algae and diatom 
a sinrri' S0 Preserd and may nave been deliberately scraped from the Vallisnen^
were S illGbironomid larva, a single mayfly nymph and a few cyclopoid copep^ 

^ also seen.

^  Barbus rhoadesii Boulenger.
tions a data relating to the movements of this species are few the intl*t J
only suare *ba  ̂ ^  moves on^o the sandy shore in March, April and May. ^
■ - "Suggestion towards explaining these movements that will be made1'
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that they may be not unconnected with the abundance of young Tilapia 
I ere during these months.

The guts of thirteen specimens, 23-5 to 30*7 cm. in length were examined. 
One .was empty but all the rest contained fish remains. In one gut two speci
mens of a Tilapia of the salea-squamipinnis group each more than 5 cm. in 
length were recognised but otherwise, beyond being able to identify the prey 
3# cichlids, determinations were not possible.

Worthington (1933) found that five juveniles of this species contained fish 
remains, insects and “ chewed weed Bertram et al. (1942) found that while 
it eats an occasional insect or plant it is essentially piscivorous, and Mr T. D. 
lies lias also found it to be piscivorous.

It differs adaptively from the non-predacious species of the genus in having 
a very large and more or less terminal mouth.

Barbus innocens Pfeffer
A few specimens of this species, which appears to grub about on the bottom, 

!axe been found on the sandy shore. The gut contents of seven specimens, 
to 8*6 cm. in length, were similar to those of four specimens examined by 

Worthington (1933), and contained plant fragments, debris, ostracods and, in  
one case a terrestrial beetle.

Barbus eurystomus (Keilhack)
Although rare on the sandy shore this species is mentioned because a 

m  ámen of 17-4 cm. in length had its gut crammed with molluscs (Melanoides 
I other gastropods, and Corbicula). Three other specimens, almost certainly 

* this species, included crabs in their diet.
W orthington (1933), who gives figures of the head of this species, found 

nluses in the guts of four young specimens. Very large specimens seem to 
‘ v in the more open waters of the lake.

Labeo mesops Günther
On the sandy shore this species occupies a similar feeding niche to that 
*’I»ied by L. cylindricus on the rocky shore. While L. cylindricus is always 
nt among the rocks, however, L. mesops is not invariably present on the 

. • *̂ lore> but seems to occur mainly from about March to May during which 
‘ni it is present in considerable numbers. At such times it comes inshore 
4 deeper water early each morning often making its presence known by 

r-sg out of the water. Such behaviour has never been seen in L. cylindricus. 
t feeds, as shown by the contents of nineteen guts plus others examined 
 ̂ iere, by sucking up the sand from the bottom which it then passes in 
* aniounts through its enormously elongated alimentary canal presumably 

ting from it such organic matter as is present. The mouth structure is 
ir ui essentials to that of L. cylindricus (q.v.).

Engraulicypris sardella (Günther)
-  times large shoals of this tiny pelagic fish move into the shallow water 
i Ka?1̂ y shore, but the factors governing its occurrence are quite unknown 
4 * **as not seen a t all during 1955.
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The gut contents of more than forty specimens, 5*0 to 9*9 cm. in length 
some taken on the sandy shore and some from open water outside the bav 
showed that in both situations it feeds on plankton. I t  takes both zooplankto* 
and phytoplankton as was observed by Worthington (1933). While jjl 
directly connected with its influence on the sandy shore it can be noted tha* 
several specimens from the open lake contained large numbers of chaobonV 
pupae (as many as ninety in a single fish), obviously captured during their 
ascent from the depths. The only bottom material observed in any gufc 0f 
specimens from shallow water was a couple of ostracods.

The part played by E. sardella in the economy of the sandy shore is, there* 
fore, to provide an occasional source of food for the predatory species livin- 
there, for it has been seen in the gut of Haplochromis dimidiatus*

Synodontis zambesensis Peters
This is a wide-ranging species occurring not only in shallow water on sandy 

shores but also at great depths where oxygen concentrations are low as h 
evidenced by captures in African traps. I t  seems, however, to frequent mainly 
sandy bottomed areas and has not been seen on the rocky shore.

The food taken by ten specimens, 7-5 to 15-5 cm. in length, was very 
diverse and included chironomid larvae, ostracods, fragmentary fish remain«, 
baetid nymphs and fragments of Vallisneria.

Other fishes of the sandy shore
Quite a few other fishes have been collected from time to time on the 

sandy shore but are less important than those considered above. The** 
include Haplochromis kiwinge and Barilius microcephalus, mentioned in the 
previous section, Haplochromis compressiceps, mentioned below, H. orthognathy 
H. prostoma (?) Haplochromis of the teirastigma group, Mormyrus longiroslni 
and Rhamphochromis spp. As on the rocky shore the species of Ehamph& 
chromis tend to occur in deeper water than that studied here.

(e) The intermediate zone
As noted already many of the sandy shore fishes occur also in the inter* 

mediate zone and Haplochromis johnstoni} whose habits have already hec r* 
described, is actually commoner in the intermediate zone than on the sandy 
shore. Some of the species now mentioned occur also on the sandy shore but 
are more common in the intermediate zone, and the first three are rigorously, 
confined to it,

Gyathochromis obliquidens Trewavas. (Figs. 78-81)
This is the commonest and most characteristic fish of the intermediate zo:? 

and, while a very occasional specimen may be found just over the edge of t'
other zones, it is safe to state that at points only 10 metres over the bound-*? 
it is completely absent. That the ecological preferences of C. obliqud' J 
are for areas in which rocks give way to sand is shown by its occurrence 
where in situations similar to those prevailing in the intermediate zone ('*' 
in the north bay at Nkata Bay, at Likoma Island, and a t Mbamba Bay)*
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The gut contents of sixty-four specimens ranging from 7-5 ^v;ll*7 cm.
|  }enath were examined in detail, several more were casually examined, and a 
if . collected elsewhere were examined for comparative purposes. The food 
F found to consist almost entirely of loose Aufwuchs. A very occasional 
^tracod and once even a mayfly nymph and chironomid larva were seen, but 
•be only real variation of the diet observed was the presence in a few of the 
uis of the spherical gelatinous colonies of algae which grow on the Vallisneria 

t0 a lesser extent, among the rocks, a very few tiny fragments of Vallis- 
Zria and a few sand grains. As the gelatinous colonies pass through the gut
* di/rested and as the higher plant fragments and sand grains were almost 

ivrtainly picked up inadvertently this species can be classified for practical 
purposes as a stenotypic feeder whose food consists exclusively of loose

As Trewavas (1935) has said “ this species is a Pseudotropheus in all except 
dentition” , and in particular it bears a remarkable resemblance to P. zebra 
Will in structure and in general habits. Apart from colour differences the 
general appearance of the two species in life is almost identical. The similarity 
extends to the structure and mode of action of the mouth which seems to be , 
identical in the two species, and, as observations both in nature and in aquaria 
reveal, each species scrapes rock surfaces in an identical manner. The teeth 
f ("V obliquidens, although superficially quite different from those of P* zebra 
cause of the oblique nature of the outer row, are actually very similar and 
insist of an outer row of bicuspid teeth and several inner rows of tricuspid 

iccth. One important difference in the feeding behaviour of the species has 
!: avever, been noted, and that is that C. obliquidens obtains some of its food 
by scraping the Vallisneria which grows in the intermediate zone. Exactly 
pie same movements of the mouth take place as when rocks are being scraped. 
The fish commences scraping near the base of a leaf and slowly moves towards 

tip. Although the leaves yield somewhat to the pressure exerted they do 
t bend so much as one might expect. When a fish leaves a leaf a distinct 

rence can be seen between the browsed and unbrowsed portions. In  spite
* its ability to feed on the Aufwuchs growing on the Vallisneria this species

not enter the sandy shore where this plant also grows.
1 he competitive relationships existing between this and other species are 

discussed at the end of the next section.

Pseudotropheus lucerna Trewavas
f  nlike the rest of the members of the genus Pseudotropheus, which appear

* confined to the rocky shore, P. lucerna exhibits a very well marked 
rence for the intermediate zone where it appears to be not uncommon,

** also been taken under similar conditions in the north bay at Nkata Bay. 
n contrast only a single specimen of this species has been taken on the rocky 

r** during the whole of the time that work was in progress there, and a 
specimen was taken under rocky shore conditions at Ruarwe, though as 

s -ttter had young in the mouth it was not feeding there.
1 he gut contents of twenty-eight specimens (including the one from the 

4 *hore) were examined. All these contained loose Aufwuchs accompanied
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in several cases by grit. Among the Aufwuchs in some guts were seen frag, 
ments of filamentous algae such as grows on the leaves of Vallisneria. ]\ 
may be, therefore, that this species browses on Vallisneria as does <7. obliquiden* 
but this has not been actually observed. The presence of grit in more than 
half of the guts examined also indicates that it picks up material from the 
bottom and it seems that it may grub about at the bases of the ValUsnem 
plants as well as, almost certainly, scraping material from the rocks. Further 
observations on the feeding behaviour of this species are, however, called 
for.

The mouth structure and its dentition are rather similar to those of P. zebra 
but differ in that the lower jaw is much straighter on its anterior border and 
tends to be shorter than the upper jaw, and in that the tricuspid teeth are 
smaller, more numerous, and more close set. The significance of these dif
ferences remains to be proved but a straight-edged lower jaw may be more 
efficient than a rounded structure in skimming material from sandy surfaces* 
and the tendency towards shortening of the lower jaw perhaps shows a similar 
correlation.

Aulonocara nyassae Regan. (Figs. 82-85)
Only five specimens of this species have been encountered within the limit« 

of the littoral zone forming the subject of this account and all have been taken 
in the intermediate zone. Another specimen has been found in the north bay 
at Nkata Bay under similar conditions and eight more specimens were collected 
at Mbarnba Bay, on the opposite shore of the lake, again under similar 
conditions. There seems to be little doubt, therefore, that this species prefer* 
situations where both sand and rocks are present.

All five specimens collected in the intermediate zone had eaten insects- 
hydropsy chid and chironomid larvae, baetid nymphs, and some mangled and 
unidentified but apparently terrestrial insects, one had taken a few ostracod* 
two contained molluscs (Corbicula and Melanoides) and one had eaten a prawn 
(Caridina). All the nine specimens collected elsewhere had eaten simitar 
aquatic insects, leaving no doubt that this species is an insect eater.

Its adaptations towards this kind of diet are fairly clear but it is less ea>} 
to point to adaptive features correlated with its habitat preferences. i K 
mouth is somewhat protrusible and the teeth of the outer row in both jav s 
all functionally conical although the median teeth actually have a 
subsidiary cusp (Fig. 84). Their sharp, recurved, nature renders tin 
eminently suited to the picking up of insects. The arc of posterior tee^ 
consists of three rather irregular rows of sharp backwardly-directed conn** 
teeth (Fig. 85) well suited to the holding of insects. A few of the central tee-- 
of the lower pharyngeal bone are enlarged, a structural feature that 
facilitate the crushing of large insects and the molluscs which form pa 1
the diet. V

The function of the deep pits associated with the cephalic portion o 
lateral line system is at present entirely conjectural but it may be that the} ' * 
concerned with the reception of impulses produced as a result of movenn 
of the prey.

t r o p h i c  i n t e r r e l a t i o n s h i p s  of l i t t o r a l  c o m m u n i t i e s  of l . n y a s a  207

Hemitilapia oxyrhynchus (Boulenger). (Figs. 86 88)
This species, while occurring on the.sandy shore, is much more abundant 
the intermediate zone of which it |s  one of the characteristic fish . 
.fprences for this zone can be correlated with the more abundant grow 
Ilisneria there than on the sandy shore, for it is from the Aufwuchs growing 

• „1_I that. most of its nutriment is obtained.

> Tv. h1 .-Cyathochromis obliqmdens.78. H ead  (lateral). 79. A nterior view showing m ou th .
Dentition of upper jaw . 81. O pposing ou ter te e th  of u p p er a n d  lower jaw s, 

f -•> *.1.— Aulonocara nyassae. 82. H ead  (lateral). 83. A nterio r view showing m o u th .
Outer tee th . L eft, n ear centre of jaw  ; B ig h t, from  la te ra l portion  of jaw . 85. In n e r

■' - M*i. — H em itilap ia  oxyrhynchus. 86. H ead  (lateral). 87. A nterio r view showing m o u t .
88. D en tition  of lower jaw .

The gut contents of twenty specimens, including two from the sandy 
*• ranging from 8-7 to 13-9 cm. in length plus two specimens from the 

»valent 4  the intermediate zone in the north bay a t Nkata Bay were 
billed. Almost all these contained only the Aufwuchs scraped, from the 
i f-s of VaUisneria, and fine sand particles. One had in addition picked up a 

men of the little lamellibranch Corbicu and a mayfly nymph, one had 
««ved a few fragments of Vallisneria,another had eaten a few ostracods,
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and one contained a little zooplankton. Some of the fine sand grains were 
perhaps taken in with the Aufwuchs among which they had settled after 
periods when the bottom was somewhat disturbed, but their constant presence 
may indicate that some food is picked up from the bottom—as the rather 
unexpected occurrence of Corbicula also indicates—but no observations on 
bottom feeding in this species were made.

H . oxyrhynchus has a rather long snout and a rather wide spade-like lower 
jaw such as one might expect in a species which digs in the sand. The 
dentition is quite simple as can be seen from Fig. 88, and only the outer row 
of teeth appear to be of importance. These are set obliquely and the anterior 
edge of each tip lies internal to the posterior edge of its anterior neighbour, 
the result being a fairly broad scraping surface.

Observations have been made on the distinctive feeding behaviour of this 
species, particularly at Likoma Island, where it was very common among beds 
of Vallisneria under intermediate zone conditions. I t  swims up to a leaf of 
Vallisneria, turns on its side so as to get the flat grass-like leaf between its 
jaws, and nibbles. The exact mode of action of the jaws has not been deter
mined but presumably the outer teeth serve as scrapers and remove the 
Aufwuchs. The leaf itself is not damaged.

Haplochromis compressiceps (Boulenger)
This species occurs also on the sandy shore, but as the four specimens 

caught were all obtained from the intermediate zone it can be listed hen*. 
The specimens ranged from 15*2 to 21*7 cm. in length. One was empty, one 
contained fish remains, one contained some very fragmentary insect remain? 
including a terrestrial beetle, and one contained a few plant fragments and 
some gelatinous algal colonies.

There is no doubt that this is a predacious species. In  nature it often 
hovers stationary in the water much as does the European pike. Its much 
compressed body and its somewhat greenish tinge will render it fairly incon
spicuous when it hunts among weed beds. The local fishermen, who at* 
very observant, claim that this species bites out the eyes of other fishes.

Lethrinops spp. cf. praeorbitalis
Specimens of two species close to L. praeorbitalis and L. laticeps were caug^ 

in the intermediate zone and were referred to as R. INT. 4 and R. IN** * 
respectively. According to Dr Trewavas, to Whom specimens were sent, 
of these is L. praeorbitalis but the definitions of this species and L. laUC'r 
are in need of revision and it is safest not to name them at present. R. INT* 
(nine guts) fed almost exclusively on chironomid larvae, but in four of uj* 
seven guts, of R. INT. 5 examined, were found nematodes, plentifully 1 
three cases, as well as chironomid larvae. As these were always dead evt 
though the fish was examined shortly after capture it would seem that 
are specially sought for in the sand and are not normal inhabitants of** 
alimentary canal.
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One of these species, believed to be'R . INT. 5, was seen digging in the 
ml in a similar manner to L . fureijer, but was not seen to discharge sand 
rough the opercular apertures as does that species.

Among the other fishes recorded from this zone mention may be made of 
Uoglanis sp. as no member of this genus was previously known to occur 

, L. Nyasa. In July 1955 quite a number of young of this genus (only about 
> mm. in length) were found among the marginal rocks and stones, and they 
juried also under similar conditions in the North Bay. The species concerned 
av have been C. neumanni Boulenger, an adult of which was collected by 
/ ty T ln r r l in ir  elsewhere in the lake.

(d) Crocodile Creek

Serranochrontis robustus Castelnau
Although recorded from the lake proper this species (recorded as 8 . 

umbergi by Trewavas, 1935) is definitely more common in Crocodile Creek 
here numerous small specimens have been encountered among vegetation. 
lui contents of eleven specimens 2-0 to 4-9 cm. in length showed that, a t this 
tâ re, they feed on insects and crustaceans. A small case-making caddis 
vrva was the most frequently recorded food closely followed in order of abun- 
mce by mayfly nymphs. Chironomid lâ-rvae, mosquito larvae, and cyclopoid 
*]*?pods came next in sequence, and cladocerans, harpacticoid copepods, a 
me, and, in the smallest specimen, testaceous rhizopods, were seen. Among 
Ijt Crustacea Eucy clops euacanthus, Attheyella bidens, and Euryalona orientalis 
A re definitely recognised.

Food appears to be taken partly from the bottom and partly from the open

Tilapia shirana Boulenger
This species visits the creek and apparently breeds there (Fryer, 1956 c). 

Tree specimens 8-6 to 14*5 cm. hi length had fed on similar detritus to that 
men by specimens collected in the lake. Several small specimens 14 to 
^  mm, in length were collected in May 1955. These contained tiny chiro- 
r id larvae, ostraeods, cyclopoid and harpacticoid copepods, rhizopod tests,

* algae and detritus. The young stages are therefore more selective in
* mng behaviour than adults and take a percentage of animal matter.

Tilapia of the saka-squamipinnis group 
•1 nvenile specimens of members of this group are not infrequently captured 

veodilfef Creek but large adults have not been seen. The guts of several 
^imens 6 to 11*2 cm. in length contained very similar material to those of 

^nens from the lake proper but reflected the nature of the substratum 
f * mg more “muddy ” .

March, April and May 1955 several shoals of young Tilapia of this 
v  ’ less likely, T. karongae, were present. These had fed like the larger 
•mens, but a few animals (chironomid larvae, copepods, mites) were also 

* m the guts examined. If  these fishes had been born in the creek then it
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would suggest that they were T. saka (see Lowe, 1952), but the time of %  
year at which they were seen accords more with Lowe’s data regarding the 
breeding season of T. squamipinnis !

Barbus innocens Pfeff. (Juveniles)
Juvenile specimens of this species seem to be not uncommon in the creek 

The food taken by ten specimens 3*8 to 4*9 cm. in length indicates that at this 
stage of its existence B . innocens is a general feeder on bottom material for 
the guts contained mainly detritus among which however, algal cells, chirono- 
mid larvae, cyclopoid and harpacticoid copepods (the latter all apparently 
Attheyella bidens), cladocerans and mites were recognised.

Ciarías mossambicus Peters
This species lurks on the bottom and is seldom seen but is probably fairly 

common in the creek, of which it is perhaps the most distinctive species. Eight 
specimens 33 to 57 cm. in length were collected. These contained terrestrial 
insects (beetles, termites, ants, Orthoptera), remains of a small fish (once), 
plant fragments and seeds. One specimen was crammed with seeds which it 
seemed quite incapable of digesting. I t  is well known as a general feeder.

The long barbels must be useful in the detection of prey in murky water 
such as that in which it occurs here.

Ciarías mellandi Boulenger
Only one specimen 40*6 cm. in length was obtained. I t  contained five 

anisopterid dragonfly nymphs, an unidentified insect and several plant seed*

Other fishes of Crocodile Creek
A few small Barilius microcephalus have been seen in the creek. Tw 

which were captured had eaten mainly terrestrial insects (in this case adult 
midges) and a spider, thus collecting their food from the surface as in tk  
lake. Atestes imberi also enters the creek. The guts examined contained 
mainly terrestrial insects. A few Haplochromis simílis also occur. Tk 
few specimens collected contained mainly bottom detritus and some indetrr 
mined fibrous material together with a little filamentous algae. Barh * 
paludinosus Peters has also been recorded, the two guts examined containing 
a mass of both plant and animal matter and detritus picked up from tb- 
bottom. A Small Barbus (a juvenile B. rhoadesii ?) although only 7*5 cm.Jg 
length had eaten another fish. A number of small unidentified cichlids an - 
cyprinids up to about 3*5 cm. in length have also been examined. 
contained mostly tiny chironomid larvae and copepods.

THE FOOD AND ECOLOGY OF THE INVERTEBRATES

The food of the fishes, which constitute more or less the end points of ^  
the food chains in the littoral zone, has already been considered, but in on™1 
to fully comprehend the economy of the communities concerned it is neces>^; 
to know also something about the food and food requirements of the im* 
important invertebrates. An attp/rrmt wa,s tbfiTwPnrp mnrlf* tn ascertain
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>e of food taken by some of the invertebrates, and the results are presented 
P ?  together in some cases with relevant details of the general biology of the 
^eies. As before, each zone is considered in turn. No mention is made of 
^interm ediate zone whose shore harbours some rocky shore species and 
-Iiô e main invertebrate fauna is practically identical with that of the sandy
ore.

(a) The rocky shore

Potamonautes lirrangensis Rathbun
This crab, until recently believed to be endemic to L. Nyasa and known 
Potamon orbitospinus Cunnington (Bott, 1955) is very common on the 

yKV shore and can sometimes be seen lurking under rocks. Its numbers can, 
iwever, be easily under-estimated and, as is shown by the way in which 
^cimens appear from beneath rocks when bait is being used, the rocks must 
ie a considerable population of this species. While females with large 

r^xls of young are sometimes caught in deep water small independent speci
ous are particularly common near the shore line and it may be that the 
iriy stages are passed through close inshore ; individuals venturing into 
* per water as they get bigger.
Although it lurks under rocks by day P. lirrangensis obviously forages 

u*r considerable distances by night for it is often found entangled in gill 
tv set on the sandy shore as much as 100 m. from the rocks.
This species takes a variety of foods for, while it will feed readily on fishes 

mangled in gill nets—to which it sometimes causes considerable dam age- 
fins been seen out of water feeding on the algal felt left above the water 
“ by the falling lake, and algal material, as well as fragments of terrestrial 
•tits, has been seen in the gut of specimens examined.

Chironomid larvae
1 he difficulty attendant on the taxonomy of African chironomid larvae 

' L no emphasis and consequently no attempt has been made to identify 
species encountered. From an ecological point of view however, the 
rity of the species living among the Aufwuchs on the rocks, all of which 

°f small size, can be regarded as Aufwuchs feeders, for the food in the 
: * ntarv canal of specimens belonging to various species consisted of diatoms 
i fragments of filamentous algae.

Ostracods
1 he ostracods of the rocky shore are represented chiefly by two species 

* ypridopsis, both possibly undescribed. As in the case of the chironomid 
’** I hey can be readily classified as Aufwuchs eaters. The food seems to be 
lively algal and they show a marked predilection for diatoms, the gut 

being crammed with these algae.

Schizopera consimilis Sars
species, while exceedingly common among the Aufwuchs of the rocks, 

‘ confined, to thfc r«iern-habita.t .hiit. |  ' |  i
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few gut contents examined appeared to contain pulverised material of plant 
origin, presumably derived from the Aufwuchs, and there is little doubt that 
this is another Aufwuchs eater.

Neoperla spio (Newman) nymphs
Nymphs of this species of stonefly occur typically in “ fairly rapid stony 

streams ’* (Hynes, 1953) and their occurrence among the rocks of the lake- 
shore bears further testimony to the turbulent state of the water there. The 
fact that specimens were found only among the rocks is in keeping with Hynes* 
field observations that they avoid silty places and vegetation.

Little information on the seasonal cycle was obtained save that an empty 
nymphal skin was seen in early September (before the commencement of the 
rains) and a predominance of small specimens was noted in January (during 
the rains). Hynes (1952) concluded that the main period of eclosion of this 
species in the Belgian Congo is during the first half of the rainy season.

The examination of a number of gut contents confirmed Hynes’ (1953) 
observation that it is carnivorous, for chironomid larvae, a mayfly nymph, 
numerous ostracods, Schizopera, and once some cyelopoid copepods including 
Mesocyclops leuckarti, presumably swilled in from the plankton, were recorded 
as food. That the species is carnivorous from an early age is shown by the 
fact that a specimen only 4 mm. long contained four specimens of S. consimHU 
and two tiny ostracods. Ostracods, incidentally, appear to be always ingested 
whole.

Afronurus spp. nymphs
Mayfly nymphs belonging to two species of Afronurus occur commonly 

under stones on the rocky shore but their gut contents indicate that they 
obtain their food from the upper surfaces whither perhaps they venture at niglu 
Seventeen guts, embracing both species, showed that both fed on algae among 
which diatoms predominated. This material is probably swept from the roe* 
surface by the brushlike maxillae.

Hydropsychid larvae
Larvae of two species of Hydropsychidae occur on the rocky shore an * 

one in particular is very common there. ) Although confused at first the two 
can be separated quite readily, one having short fureae, a fattish body and ** 
sluggish disposition, while the other has longer fureae a more slender bod; 
and is more active. The latter is much the commoner of the two and occur* 
in large numbers but seems to be localised in certain niches which are not en v 
to define but which are perhaps connected with the proximity of a suitao 
food-bringing current. In such situations half a dozen or even more specimv r 
may occur very close together while nearby a much larger rock may not harh^ 
a single specimen. As shown by the gut contents of twenty specimens tin* 
herbivore, for all contained algae, including diatoms, the only animal roa^ 
found being one tiny chironomid larva and a chironomid head capsule.

The other species, of which six guts were examined, appears to be 
carnivorous, and eats ostracods and chironomid larvae but takes some a r *
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\ record of a hydropsychid larva having eaten a small specimen of its own or a 
plated species made before the two species were recognised as distinct probably 
refers to this species.

The diet of Hydropsychidae obviously varies much from species to species 
f0r Slack (1936) found larvae of an unidentified British species to be largely 
herbivorous but cites records of other species having been found to be decidedly 
carnivorous.

Eubrianax larvae
Larvae of a psephenid beetle (popularly referred to in American literature 

ils water pennies) of the genus Eubrianax are very common under stones on the 
rocky shore, and have, though rarely, been seen on the upper surfaces.

They are slow moving algal-eating creatures which feed on the Aufwuchs 
from which they crop Calothrix as well as eating the loose matter such as 
iiatoms.

Eimid larvae
Larvae of two species of eimid beetles occur among the rocks, one being 

fairly common and the other very rare. The commonest feeds on algal matter 
including diatoms.

Leeches
Two species of leech occur among the rocks. One, an elongate red species 

staining a length of about 25 mm. is very common and seems to occur 
! riicularly on surfaces fairly tightly embedded in the substratum. I t  appears 
t a feed almost entirely on chironomid larvae, which it engulfs whole, but one 
¿'.dividual contained eleven specimens of the planktonic Diaptomus kraepelini. 
Jow these had been procured is a complete mystery.

The other species, a small, broad, greenish species, is much less common, 
one exception the guts examined were empty, the full one being gorged 

*ith ^d  blood.

(b) The sandy shore 

Caridina nilotica Roux
This atyid prawn is fairly common in the beds of Vallisneria where at 

rwC& Vs! a^ a*ns a density of well over 300 per square metre. Although a 
i^ble swimmer it always seems to keep near the bottom. Numerous gut

* }*>es indicate that it eats detritus, but the gut contents themselves are not 
reveahng for they always contain a very finely pulverised mass of particles 

origin is difficult to determine.

Cyelopoid copepods
•d! three species of Microcyclops occurring on the sandy shore are herbi-

- eatmg diatoms and other small algae, Eucylops dubius is also a herbi- 
Q |  truly carnivorous cyclopoids have been encountered, but M. nyasae 

seen with an occasional rotifer in the gut as well as algae.
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Baetid nymphs
Baetid nymphs are common among the beds of Vallisneria, but their 

numerical density is apparently less than that of Cardina. When disturbed 
they swim briskly to the nearest leaf of Vallisneria along whose longitudinal 
axis they align themselves and thus become fairly well camouflaged. Their 
food is algal and is presumably browsed from the leaves of the plants amon* 
which they live. *

Caenis sp. nymphs
Nymphs of Caenis are less common than baetid nymphs. Needham & 

L1°yd (1930) suggest that the modification in this genus of the anterior pair 
of tracheal gills into a gill cover to protect the rest of the gills is an adaptation 
against respiratory smothering, and as such may well 'be useful in the present 
species during times when much silt is brought into suspension by rou^h 
weather. *

Chironomid larvae
Although living in a different environment and belonging to differeni 

species from those of the rocky shore the sandy shore chironomid larvae 
appear to have a similar diet.

Dragonfly nymphs
Both anisopterid and zygopterid dragonfly nymphs occur on the sandy shore, 

the latter being the commoner of the two. The food of the zygopterid nymph* 
includes baetid nymphs and ostracods but only indetermined chitinous frag
ments have been seen in the very few anisopterid nymphs examined.

M elanoides tuber
This species occurs both in the beds of Vallisneria and on the bare sand but j 

is commonest in the former habitat. In Lake Victoria, Fish (1955) record* f 
it as digesting^ cellulose. The few guts examined in L. JSTyasa appeared to 
contain pulverised algal material, presumably scraped from the leaves of tk  
Vallisneria by the finely toothed radula which appears well suited to th< 
collection of such material.

Lanistes procerus
This large gastropod frequents the beds of Vallisneria but is sometim«

-N to be found washed up on the beach after rough weather. I t  feeds by t e a r i f i -

off and swallowing quite large pieces of Vallisneria, a function for which i'*‘ 
broad, stout-toothed radula is well suited. The fact that pieces are torn oS 
and not abraded is shown, not only by the size of the pieces swallowed, h»1 
by the presence in one gut of two structurally undamaged and obviouslv 
accidentally ingested ostracods. This species cannot apparently dig*'- 
cellulose and its feeding mechanism would appear to be inefficient insofar 
many undamaged plant cells are ingested and can be found still quite gnx' 
in the faecal pellets. Some of the Aufwuchs necessarily taken in with **-•' 
Vallisneria may be digested but some diatoms are defaecated while *3  
possessing green contents.
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Corbicula africana
This species lives buried in the sand and appears to be quite common, 

p subsists on detritus filtered from its feeding current.

(c) Crocodile Creek
The most important macroscopic invertebrates of Crocodile Creek are 

chironomid larvae, baetid nymphs and whose food is similar
to that found in these groups on the sandy shore. A zygopterid dragonfly 
nymph is also very common and appears to prey largely on baetid nymphs as 
five of the eight guts examined definitely contained these insects. Chironomid 
;.:i\ac and a tiny bug were also recorded as prey. Some anisopterid nymphs
* \.i mined had eaten chironomid larvae and cylopoid copepods.

A few brief notes on the ecology of certain other invertebrates follow.

Bugs
E a n a t r a v i c i n a  Sign, Notonecta and are all carnivorous suctorial

imlers as is the surface dwelling gerrid, and their part in the food cycle of the
* n ek can be inferred from what is known of their relatives elsewhere. In

pfivity a specimen of Naucoris sp. was seen feeding both on a snail (
■ t̂idah(s) and on a small anisopterid larva. A tiny like bug
appeared in large numbers along the sandy slopes of the overflow lagoon in 

and June 1955 and appeared to be confined to this microhabitat; its 
in ferences thus being similar to those of the European
7  * S;)\ These bugs were feeding on detritus which included large numbers 
 ̂ minute green algal cells.

Crustacea
2am an insight into the detailed interrelationships of the Copepoda, 

vfocera and Ostracoda present in the creek would require a detailed study 
I! , 7 ,1 1  from what is known of these groups it can be stated that the
* . li'-POld C°pep<xls belong mostly to genera which have been shown to be

porous (Fryer, 1957 b) and include some (e.g. whose
y l  ng be bits have been studied in detail elsewhere. On the other hand 

■crocyelops albidus oligolasiusis a carnivore. The Cladocera present feed 
on detritus and small algae but, by virtue of the different strata which 

anous spemes occupy, they must tap different sources of these materials.
" ostrac°ds present are bottom dwellers and one at least is a vegetarian.

Molluscs
' - ; r iCS i°f  Limnaea> rather scarce in the creek itself, very quickly colonised 

1  f£00n ^kilst it was in existence and multiplied there abundantly. 
Of }le<1 Ŵ en l i i  water receded again, 

v >h ^  two small molluscs Segmentorbisangustus and
!' --•ne r T?mm°n I f the creek tlle former is the most abundant. Both occur 

chrf/V ve?cta^°n  and both were found to contain detrital matter and 
~ fragments in the gut.
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FOOD WEBS IN THE MAJOR HABITATS

(a) The rocky shore
Here the fundamental basis of all organic production is the algal film 

covering the rocks. Within the narrow “ trophic zone ” the total productive 
area is enormously increased by the irregular nature of the substratum. 
accurate estimate of this increase is scarcely possible but it must be in the 
region of three times that of an unbroken substratum. Estimates of total 
organic matter (taken as loss in weight by dry weight after incineration) 
present per unit area of rocks of measured area, whose surfaces were scrape»! 
clean of Aufwuchs and its attendant organisms, gave very variable result? 
as can be seen from the following figures.

t a b l e  5
Amount of organic matter present on submerged rocks

Amount of organic 
matter/100 sq. cm. in nag.

86-6
100
180
243
211
134*5
563

Approximate depth 
of rock in cm.

91 
76 
62 
m  
38 *
32
23

The only real correlation appears to be that between the very shaikh 
water in the last case, with its attendant freedom from the grazing activiti*-* 
of the larger fishes, and the production of an excessive amount of organic 
matter. So many and varied are the factors influencing organic producti-- 
of this kind, however, that much more detailed work would be neeessan 
before any sort of generalisations could be made, and the most that can h  
said is that, in shallow water, the production of a standing crop of at least 560 n*£ 
per 100 sq. cm. is possible.

Data collected relating to grazing rates are still most inadequate but ft 
can be remarked that the amount of organic matter present per 100 sq. cn 
in the shallowest water was four to six times as much as that present incomplete} 
filled guts of specimens of Labeotropheus fuelleborni 9*8 cm. in length 
Psuedotropheus zebra 8-5 cm. in length. The alimentary canal of these spc< " 
takes at least twelve hours to empty. No conclusions are drawn from tk 
data which can be taken as no more than a pointer to conditions of supply a- 
demand of the basic food on the rocky shore. '

The links in the food chains on this shore are very short, the main U> 
being Aufwuchs->fishes, often direct, and seldom with more than one m'* 
mediate stage. (Eig. 89).

(b) The sandy shore
Fig. 90, when compared with its counterpart for the rocky shore, sW* > 

a t a glance one of the fundamental differences in the trophic organisation o*  ̂
two habitats. Here the availability of several primary food sources #:
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... marked contrast to the single main source on the rocky shore. Partly, 
iiiongK not entirely, because of this, there is a greater diversity of secondary 
\\xls on the sandy shore for, in addition to similar foods to those available 
n the rocky shore (chironomid larvae, mayfly nymphs, etc.), there are others 

<:ch us molluscs, prawns and cyclopoid copepods which are unrepresented in 
the latter zone.

throm is p a rd a lis  
t predator/ fishes

/
t cichlids 

vzpheus zebra

•'tpheus elon g a la s  
:tcpheus tropheops 
vzpheus m inutus 
r :p h e u s  aura tu s  
■:pkcus fu scus  

•ipheus fuelleborn i 
*:*-*eus trew avasae  
'• z r ,i s  guentheri 
ifo m ji fen estra tu s

H a p loch ro m is polyodon

H a p lo ch ro m ls k iw in g e

N eo p erla  sp io  C yn o tila p ia  a fra  
nympfìs

B a r il la s
m ic ro cep h a lu s

Terrestrial Insects Plankton

Fig. 89.—Food web on the rocky shore.

(c) The intermediate zone
Hte food web of the intermediate zone is not illustrated as it is essentially 

as that of the sandy shore. Here, however, there is an additional 
--n food source in the form of Aufwuchs growing on the rocks which are 

anc >̂ consequently, certain additional secondary foods.

(d) Crocodile Greek
l | p  ^ d  web of Crocodile Creek (Fig. 91) indicates clearly that the main 
y .  ° i*1 this habitat is the bottom where algae are able to grow and
* . fna crial brought down in suspension by the feeding stream settles, 

pendence largely on one source of food the economy of the creek
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a loosely organised assemblage in which the members are distinguished by 
o more than the varying proportions on which they draw upon the consti
tuents of a common stock ”. While this statement is broadly applicable to the 
pecies considered here the range of foods is much less than that taken by the 

omnivorous species in Hartley’s community. Hartley also points out that his 
l̂ ecies show “ considerable flexibility of feeding behaviour ¡g They could, 
herefore, easily adjust their diet if one food became scarce, while here several 
>f the species concerned show very specialised adaptations towards collecting 
t rtain foods and could probably not switch so easily, particularly as the other 
eding niches on the rocky shore are already occupied by specialised species. 

X is concluded therefore that a much more delicate state of dynamic balance 
•xlsts in the present case than in that considered by Hartley.

A much more complex state of affairs exists among the algal-eating fishes 
*r no fewer than twelve common species subsist largely or entirely upon 
ufwuehs (Fig. 92), without taking into account Pseudotropheus elongatus 
f which only a few specimens have been seen and P. williamsi which also eats 
î ects and is rare on the shore under consideration.

One species, Haplochromis guentheri, exhibits sufficient selectivity in feeding 
> warrant the assumption that it competes only to a limited extent with the 
ther algal browsers with which it lives. The predominance in the guts 
\ a mined of filamentous blue-green algae (Lyngbya ?), very seldom seen in the 
its of other species, as well as the presence of occasional ostracods and other 
.imals, indicates that while it can be broadly classified as an algal browser 
occupies a distinct and otherwise unexploited feeding niche.
As indicated in Fig. 92 the algae taken by the other algal browsers can 

y*plit into two main types—Calothrix and “ loose Aufwuehs ” . Most species 
ec  ̂ 01%  the latter, a few may collect both, and Varicorhinus nyasensis 

peais to collect mainly Calothrix. While the distinction between eaters 
* n^n-eaters of Calothrix is certainly concrete and not theoretical its signifi- 

>nee p  obscure for the Calothrix eaten seems always to pass through the gut 
^cly unaltered. Even if one assumes that the taking or non-taking of 
-<otuix i> of ecological importance only F. nyasensis, which also takes an 
visional insect, can be regarded as occupying a distinct feeding niche on 

o grounds. Of the other three species, Labeotropheus fitelleborni, L. trewa- 
Pseudotropheus tropheops, which include Calothrix in. their diet the 

and the last can and do exist without it on occasion. This is proved by 
j^r\ ation> made at Mbamba Bay (see p. 233) and by the capture of several 
i S 0i ^ 6Se sPecaes al  Nkata Bay whose guts contained no such algae.
. ?| C  ̂ ^ t w o  species take identical foods there are great differences in their 
^  |j |S  172 and 180). I t  seems possible that, because of
^  enenees, and because L. fuelleborni swims always close to rock surfaces 

f t^'pheops hovers ” over the rocks, that the former species may be 
V  C° ^  0̂0(1 from situations which, if not actually inaccessible to P.

re se^ om fre(iuented by it. These differences in “ feeding 
d fr §re&t and there is no doubt that both species often take their

m tut same situations and overlap in food preferences to a great extent.
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Labeotropheus fuelleborni 

Labeotropheus trewavasae 

Labidochromis vellicans 

Labidochromis caeruleus 

Pseudotropheus zebra 

Pseudotropheus wiiliamst 

Pseudotropheus auratus 

Pseudotropheus fuscus 
Pseudotropheus elongatus 

Pseudotropheus minutus 

Pseudotropheus fuscoides 

Pseudotropheus tropheops 

Melanochromis melanopterus 

Petrotilapia tridentiger 

Cynotilapia afra 

Cenyochromis mentó 

Haplochromis fenestratus 

Haplochromis euchilus 

Haplochromis ornatus 

Haplochromis pardalis 

Haplochromis polyodon 

Haplochromis $p. nov. 

Haplochromis kiwinge (Juv) 

Haplochromis guentheri 

Rhamphochromis spp.

Labeo cylindricus 

Varícorhinus nyasensis , 

Barilius microcephalus (Juv) 
Bathyclarias worthingtoni 

Mastacembelus shiranus

Aufw uchs

->V—
Loose 

Aufwuchs Csloifc»,

Other 
aquatic
insects Schizopcra Plsnkton

Other
foods

Fig. 92. Diagrammatic representation of f (ho main foods of the rocky shore fishes. A ^  
indicates a major food source; a;-1 broken pne a frequent source and a dotted 
occasional source.
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At the moment it is quite impossible to point to any difference in habitat 
fprences between the two sibling species of Labeotropheus. The two were in 

r f  not recognised as distinct species until the field work was completed! 
le mouth structure and dentition are identical in the two species, gut contents 
^  quite indistinguishable, and the two fishes live side by side among the
>eks on the same shore. f . '

There are no fewer than seven common Aufwuchs eating species which do 
it eat Cabthrix. Of these Pseudotropheus fuscus and P. minutus live close
•diore and have a different horizontal distribution from the rest (Fig. 93). The 
orizontal distribution of the former species is known from observations while 
'• it of the latter is inferred from catch data. P fu scu s  is skulking in habits 
nd the same is probably true of P. minutus.There is, however, a very marked 
„e difference between the two species which will permit P. minutus to exploit 

•sitli its narrow mouth crannies which are inaccessible to all save young speci
mens of P. fuscus. Thus while the two probably compete, there can be seen 
means whereby competition may be minimised.

Edge of littoral shelf

Pseudotropheus auratus 

Pseudotropheus fuscus 

Pseudotropheus tropheops 

Pseudotropheus zebra  

Pseudotropheus minutus 

Pseudotropheus livingstoni 

Cephyrochromis tawsi 

Ubeotropheus fuelleborni 

Petrotilapia tridentiger 

Cynotilapia a fra  

Lcbidochromis vellicans 

Hopbehrom is fenestratus 

hbphchrom is kiw inge (Juv) 

Rbomphochromls spp. 

h'cstacem belus sh iranus 

Bzthycldm á worthingtoni 

tebeo cylindricus

a .»X-—Diagram showing approximate horizontal distribution of some rocky shore fishes.

pf the remaining five species Haplochromis fenestratus, while feeding largely 
^se Aufwuchs, occasionally supplements its diet with a few chironomid 

'***■- and ostracods, and it collects its food in a manner which differs from
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that of the other species. Because of its narrow mouth it may be able to 
collect food from cracks which are inaccessible to the other species.

Labeo cylindricus appears to take its food largely or entirely from horizontal
surfaces and therefore leaves untapped parts of the habitat used as a source of 
food by species with the same food preferences.

Pseudotropheus zebra and Petrotilapia while having strikingly 
different teeth, nevertheless collect their food by apparently identical means 
but by a method which differs from that employed by Pseudotropheus 
though in all three cases the food taken is identical and all three co-exist’ 
with no spatial isolation. The difference in food collecting mechanism may 
in some way assist P . auratus to exploit the available food source in a different 
manner from its relatives but no evidence has been found to show that this is 
so. I t  has proved impossible to find differences between P. zebra and P 
tridentiger either in the food collected or in the method of collection, and the 
reason why the two co-exist in this way seems to be that they do not compete 
because of a superabundance of food. Such an explanation of the co-existence 
of closely allied species has been put forward for titmice (Hartley, 1953) 
and for herbivorous cyclopoid copepods (Fryer, 1957 b). In the writer’s opinion 
this superabundance of food plays an important part in permitting the co
existence of numerous closely allied species which occur in large numbers and 
which, while differing markedly in their methods of food collection, would 
nevertheless come into competition if the food supply was limited.

Elucidation of the means whereby the piscivorous species avoid competition 
is rendered very difficult by the fact that one can seldom identify the partly 
digested victims with absolute certainty. However, the species of -
c romis occur, in general, at the fringe of the rocky shore and must therefore 
compete only to a small extent with species living closer inshore such as 
Haplochromis polyodon. Again species such as Bagrus meridionalis and 
t   ̂e clariids which visit the shore differ markedly in behaviour from the 
piscivorous cichlids and therefore probably tend to encounter different fishes.

The predators, which take a considerable toll of the non-predacious rocky 
shore fishes, probably play an important part in regulating their numbers. 
At present there appears to be an unlimited amount of Aufwuchs available on 
the rocky shore. Because of this it is conceivable that, in the absence of pre
dators, the population of fishes, dense as it is, could increase even more. This 
would lead to increased competition for food and living space, and the present 
community equilibrium would be upset—possibly with the extermination of 
certain species. The presence of predators, however, will prevent this, and 
by reducing the effects of interspecific competition will tend to favour the 
survival of certain non-predacious species.

This role is quite the reverse of that assigned to the predacious fishes of 
African lakes by Worthington (1937, 1940, 1954), whose views have recently 
been questioned (Fryer & lies, 1955). This theory is elaborated in Part II, 
but here it is of interest to note that a similar role of predation has recently 
and quite independently been postulated by Sokoloff (1955), who attributes 
the ability of two very closely related species of Drosophila larvae to co-exist 
in the slime-fluxes of trees to the effects of predation on ovipositing females

TROPHIC INTERRELATIONSHIPS OF LITTORAL COMMUNITIES OF L. NYASA 227

»  the interference with ovipositing females by other insects, which holds 
\ drosophilid populations at a reasonably low level and thus obviates
Lmi petition. • .

The dynamic Balance of the community is also probably controlled in part 
' the predator*. Thus any increase in numbers of the Aufwuchs feeding 

dies at the expense of the invertebrate eating fishes is likely to be counter- 
eted by increase! predation on the Aufwuchs feeding fishes with a subsequent 
eturn to stable xonditions.

The possibility of a further type of competition among the rocky shore 
dies, namely caiipetition for breeding grounds, will be discussed in Part | I .

Uihrinops brevis 

Uthrinops furdfer 

Uthrinops sp. 

Hûplochromis similis 

Hûplochromis johnstori 

Hûplochromis mola 

Hûplochromis dimidimis 

Hûplochromis rostraüs: 

Hcplochromis moori 

Hûplochromis chryscstus 

Hcmitilapia oxyrhynbvs. 

ïilapia saka-squamifbnis 

hhpia shirana 

Tilapia melanopleuœ 

Bh cmphoch romis sep. 

¿-estes imberi 

Barbus johnstoni 

Barbus innocens 
Barbus rhoadesii

iabco mesops 

Lriraulicypris sarcHài 

* fnadpntis zambesaais 

tarilius microcepbbJs

Bottom Ostracods 
•uehs Algae & 

n plan« Detritus Copepods

Other
aquatic Terrestrial

Insects
OtherFoods

2 * 94. Diagrammatic representation of the main foods of the sandy shore fishes. Conventions
as in Fig. 92.
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(b) The sandy shore
Tig. 94 shows the foods eaten by the most important sandy shore sne™*- 

Here, while there is a strong possibility of general competition for food thP ' 
is no one foodstuff which, like the Anfwuchs on the rocky shore I I E  
exclusively or almost exclusively as a source of food by several specie^ f E  
there is a good deal of overlap in food preferences there are only a few S !  
m which direct competition may be expected ; the two outstanding case* 
being those of Lethnnops brevis and L. furcifer, which are both specialise,] 
feeders on chironomid larvae, and of and members of tk

saka-squamipinnisgroup of the genus both of which feed on bottom detrih 
and which also take rather similar food to Labeo mesops.

The last case is the simplest. L. mesops is only a visitor to the sandv 
shore and it swallows large sand grains, probably often collected in deep water 
and must compete but little with the species of Tilapia which, while utilising 
the same food source, more carefully skim the substratum and do not j f a J  
large sand grains. T.shirana is quite rare on the sandy shore which indicate* 
that, under the conditions prevailing there, it cannot complete very success- 
lully with the representatives of the saka-squamipinnis group.

t  is not possible to explain the co-existence of Lethnnops brevis and 
L furcifer save on the grounds that the food supply must be sufficiently plenti- 
ul to obviate serious competition between them, though, as already note! 
hese species spend much of their time in an apparently diligent search for food.

Apart from these cases the fishes are either specialised feeders occupy].:.- 
a mche virtually unexploited by other species ; e.g. the mollusc eating Ilanh- 
chromis mola,or like the members of Hartley’s community mentioned above 

ea a vane y o oods so that, should pressure on any one food become great, 
they can probably switch to another.

(c) The intermediate zone
■ * The Iremarks concerning the sandy shore apply to a large extent to thr 
in erme ate zone, but certain other problems arise, the most interesting oJ 
which, concern Aulonocara nyassae, Pseu and -■
obliquidens.

nyassae might be expected to compete with Haplochromis johnsk^» 
w ic is common in this zone. Although little is known of the habits oS 
A. nyassae there is some evidence, obtained both at Nkata Bay and at Mbaud-- 
Bay, that some of its food (hydropsyehid larvae) is collected from rock# 
U.johnstom  has not been found to eat hydropsyehid larvae and seems to .b»'T 
a e preference for weed beds, so the two may not compete to any go -

Little is known of the general habits of P. lucerna save that it is marked; 
restricted to the intermediate zone and that it takes much of its food 
the rocks. Its virtual absence from the rocky shore, where suitable food ^ 
a undant, can probably be attributed to the competitive influence of * 
numerous other species of the genus and their allies which occur there 
which take similar food. Absence of suitable food must be an im p o r t1
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Motor debarring it from the sandy shore. I t  seems to be a hanger-on in a 
^tricted niche in which it must have some advantages, one of which may be 

wide mouth which will enable it to scrape a greater area per unit of time 
*han a narrower mouthed species, and thus compensate to some extent for 
•he treater paucity of food in this zone than on the rocky shore. The lesser 
.dmndance of Aufwuchs in the intermediate zone than among the rocks is 
joubtless a major factor governing the comparatively rare occurrence of other 
,r.ecies of Pseudotropheus in this zone and as such probably assists the survival

More is known of C. obliquidens whose great similarity in structure, food 
I references, and feeding mechanism to Pseudotropheus zebra has already been 
pointed out (p. 205). I t  browses on the Aufwuchs both of the rocks and of 
the Yallisneria, but does not occur in zones where either of these sources of 
f :>d is present alone. Its great numerical abundance in the intermediate zone 
*h<>ws that here it is a very successful species and can compete very effectively 
with P. zebra, a few specimens of which are occasionally seen in this zone but 
■which, by comparison with C. obliquidens is definitely rare. Its dual feeding 
> haviour may well be a contributary factor to this success. Onto the rocky 
\ >re, however, it very seldom ventures and the obvious inference is that 

! ere P. zebra has some selective advantage. Its absence from the sandy shore 
• \\* be due to similar causes, namely that it can compete successfully with 
’ : wsers on the vallisnerial Aufwuchs where rocks are also available as an 
' port ant source of food, but it is unable to do so when this food alone is avail- 
’ ?e. Moreover C. obliquidens is probably derived from rock-dwelling ancestors 
* 1 long standing instincts and breeding behaviour connected with rocks would 

|Vinire to be changed before it could completely desert this kind of substratum.

(d) Crocodile Creek
The position in Crocodile Creek is rather similar to that on the sandy shore 
?,ch the number of species involved is less. Here occur several species 
' fo°d preferences overlap to a considerable extent but which are fairly 
;s’ral feeders capable of utilising a variety of foods and presumably able to 
-ponsateTor the scarcity of one kind of food by turning to another. There 

i s° some species which occupy a distinct niche, viz. the bottom scraping 
tanans of the genus Tilapia and young weed-dwelling Serranochromis 

which actively seek out animal prey both among the weeds and on 
•' bottom. *

^ter-habitat movements and restrictive ecological factors 
! 1 ^ ^ s ândmg feature of the littoral zone of L. Nyasa is the way in which

>f the species represented are restricted to one major habitat. This is 
 ̂'‘°*t strikingly if one observes the fishes with a mask and passes from a 

0 a sandy shore. On the former one sees myriads of fishes which 
i with startling suddeness as one passes onto the sand which, at first 

presents a deserted appearance, but which is later seen to house a 
v of Ashes which differ
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Inter-habitat movement can be dismissed very briefly as so little take? 
place. Barilius micrmephalus, whose food requirements are independent of 
the nature of the bottom is the only fish which can be found commonly on 
both the rocky and sandy shores. Varicorhinus nyasensis, a rocky shore* 
species, is known to move onto the sandy shore, and apparently up Crocodile 
Creek, when sexually mature. Young Tilapia of the saka-squamipinn i* 
group appear to move about at certain times of the year though the reason for 
this is not understood. Both they and T . shirana move into Crocodile Creek 
either for breeding or for brooding the young. Alestes imberi enters Crocodik 
Creek on occasion, Hmplochromis similis has been found there, and Barbu* 
innocens is found in the creek and on the sandy shore, but none of these specie! 
frequents the rocky shore. The only invertebrate which appears to move 
regularly between major habitats is the crab Potamonautes lirrdngensis which 
lives among the rocks but forages on the sand by night. The copepcd 
Schizopera consimilis apparently finds conditions on both rocky and sandy 
shores suitable for its existence ; otherwise the picture is one of stenotopy.

The reasons for this stenotopy vary from species to species but the most 
obvious and widepread is the demand for a particular kind of food which, in 
turn, depends on the m ture of the substratum. I t  is indeed virtually imposs 
sible to separate these two limiting factors as usually one could not operate 
in the absence of the other. The most obvious ease ls  that of the .specialis'd 
rock-scraping fishes which depend on Aufwuchs and, ultimately, on the rock* 
on which it grows. Similar factors restrict the distribution of numerous other 
fishes, e.g. the diggers for chironomid larvae, the mollusc eaters, and the 
browsers on Vallisnerm on the sandy shore. Demand for a particular kind ci 
food restricts certain invertebrates to one habitat in a similar way, e.g. the 
snail Lanistes procerm feeds on Vallisneria and is therefore restricted to the 
sandy shore.

A few fishes, notably the piscivorous species, could, in theory, satisfy the r 
nutritional requirements in any of the habitats yet they are fairly well restrict*.*: 
to one of them. Hem it seems that the various species have evolved habit* 
enabling them to prey with greater success on the fishes of one habitat rath " 
than another. Their case is strictly comparable with that of the birds of 
in Britain among which, for instance, the sparrow hawk frequents woodlan * 
the merlin, moorland, etc., and which feed largely on the small birds of thtt* 
habitats.

A factor preventing the successful penetration of lacustrine predate 
into Crocodile Creek may well be the turbidity of the water which, apart fty - 
being objectionable to a species accustomed to the clear waters of the 
would hamper the feeding activities of an active predator hunting by 
more than those of fishes taking other kinds of food.

Shelter is probably important in restricting the distribution of ce 
invertebrates such as the nymphs of Afronurus and the larvae of Eubrviy  
both of which could probably collect and utilise the Aufwuchs growing o 
Vallisneria just as well as that growing on the rocks. Coupled with 
well be an inherent demand for current such as Wu (1931), cited by Welch ( j   ̂
has shown to exist in the Simuliidae. The need for a suitable current
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able substratum certainly confines the two netspinning hydropsychid larvae 
the rocky shore.
A few special cases merit consideration. The scale-eating fish Genyochromis 

ento could conceivably obtain its food from fishes on the sandy shore, though 
is doubtless advantageous to scrape scales from a common and rather 
âctive species, and it thus tends to have its distribution restricted by that 
its principal “ host ” Labeo cylindricus which fulfils these conditions. I t  

uav be also that G. mento, being as it is, so obviously descended from rock- 
welling ancestors, has evolved a pattern of behaviour an integral part of which 
a background of rocks, which is not easily changed. A similar suggestion 

as already been put forward as a partial explanation of the restriction of 
uaihochromis obliquidens to the intermediate zone. Such an ancestral 
liaviour pattern can scarcely be discounted as a major factor restricting the 
>tribution of Gynotilapia afra to waters off the rocky shore, for it is now 
most completely independent of the rocks either for food or shelter and 
i ds mainly on plankton which can be obtained over a variety of substrata, 
his ancestral behaviour pattern must exert a particular strong effect on all 
xvics during the breeding season when definite environmental conditions are 
cessary for nest making, etc. /,
While the restriction of lamellibranchs to the sandy shore is easy to 

nlerstand as the species represented in L. Nyasa require a penetrable bottom 
which to embed themselves, the similar restriction of gastropods is puzzling. 

mistes procerus is restricted by its food preferences but there seems to be no 
*>on why the rocks should not provide suitable food for some of the other 
•t eies. The exposed nature of the environment probably hinders the 
kmisation of the rocks. That this is so is indicated by the presence of 
' j 'Opsis sp. among the rocks in a very sheltered corner of the north bay at 
kata Bay. The presence of innumerable fishes on the rocky shore, among 

eh are several species which would eat molluscs if the opportunity arose is 
> perhaps partly responsible for their exclusion. The finding of a mollusc
* he guts of specimens of Genyochromis mento and Pseudotropheus fuscoides 
nates that such colonisation may take place but that fishes quickly find

hn eat such adventurous individuals.
' uiile competition cannot be ignored it appears to play only a small part in 
acting species to a single major habitat, though it may well have done so 

^le course of evolution of the parent forms of the fishes. There areexcep- 
' to this generalisation (notably the restriction of Cyathochromis obliquidens

• iycudotropheus lucerna to the intermediate zone as discussed on pp. 228
‘hh but at the present time the majority of species are so specialised in their 

k Inferences and, more particularly, in their methods of food collection, that 
dspects of their biology alone usually restrict them to one major habitat, 

--■m petition is virtually restricted to that between species within a habitat. 
°^vfeusJ then, that the phrase “ the fauna of L. Nyasa ” is as vague 

as *s iC fauna of Great Britain ” , and one must henceforth 
le# animals of this great lake as comprising a number of very discrete 

V ' are as distinct from one another as are the faunas of an English 
0CK* and an expanse of moorland.
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COMPARISONS WITH OTHER AREAS

Although work was concentrated on the shore at Nkata Bay it was possibl 
to pay brief visits to other parts of the lake and make comparative observation* 
While, as might be expected, minor differences were apparent, it appears that 
conditions on the rocky, sandy and “ intermediate r  shores a t Nkata Bay are 
fairly typical of those prevailing in similar habitats throughout the lake.

The sandy shore studied is apparently somewhat impoverished, perhan 
due to its restricted area and the paucity of weed beds. Less attention wal 
paid, however, to sandy shores elsewhere than to rocky shares.

Pseudotropheus tropheops

A A

Loose Aufwuchs Haplochromiss ffenestratus

Mbamba Bay

V V
Labeotropheus fuelleborni

Fig. 95.—Suggested competitive relationships between some rocky shom> fishes at Nkata
(where C alothrix  and loose Aufwuchs are available as food), and ait Mbamba Bay f 
only loose Aufwuchs is available).

At Likoma Island (about five miles off the eastern, Moioambique, short4- 
where a total of five days, intensive field work was carried oxut, and at Kuan*' 
(about forty miles north of Nkata Bay), conditions were very similar in gent~ 
respects to those prevailing at Nkata Bay. Some rather striking diftenni^ 
were noted, however, a t Mbamba Bay (on the Tanganyikan shore) during * 
two-day visit. Here the rocks are granitic in nature as tlkey are at Lih*

PsGurdptropbeus zebra
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land and to a large extent at Ruarwe, and not composed of schists as they are 
Xkata Bay. They differ, however, from those of Likoma and Ruarwe in 

sving more angular projections, such as is typical of certain granites. Further, 
> Calothrix was found in the scrapings made from these surfaces, though this 

v̂as present on the rocks both at Likoma and Ruarwe. Here too was a 
unistic difference. Pseudotropheus zebra, which is very common on rocky 
ores studied elsewhere, was either absent or exceedingly rare. This fish is 
A one which includes Calothrix in its diet so its absence is not correlated 
fectly with the absence of this alga. On the other hand the commonest 
h was P. tropheops, and Labeotropheus fuelleborni was also-common. Both 
ose fishes eat Calothrix a t Nkata Bay and elsewhere. , None was found in 
x\r guts at Mbamba Bay, indicating that they were no more successful in 
¿ding it than the ecologist. Ilaplochromis fenestratus, another loose Aufwuchs 
ter, was also very common.
The general nature of the environment was similar to that in which P. zebra 

& been found elsewhere, and considering the wide distribution of this species 
the lake it can scarcely be supposed that it has not had the opportunity of 
Ionising this area. I t  may be excluded by the angular projections of the 
cfes which hinder its “ sucking ” method of feeding but do not impede the 
tiding and chiselling of P. tropheops and L. fuelleborni respectively. There 
also the possibility of its exclusion by competition. Because of the absence 
V*dothrix, P. tropheops and L. fuelleborni would, of necessity, make greater 
mantis on the loose Aufwuchs than is the case in habitats where this alga is 
t#ent. By doing so they may have pushed out P. zebra. (Fig. 95).

In a collection of rock fishes from Benji Island (about six miles off shore 
ir Domira Bay) made by Messrs P. B. N. Jackson and K. Howard, the 
m ral facies was similar to that of similar habitats in the north but produced 
veral specimens of what appears to be an undescribed species of Pseudo- 
'pheus. . .. .

On the rocky shores which shelve very steeply, e.g. in parts of Likoma 
'Uul, it is noteworthy that Cynotilapia afra, which at Nkata Bay occurs 
"Ueularly at the edge of the littoral shelf, is to be found very close to the 
re-line.

A NOTE ON PRODUCTIVITY IN LAKE NYASA

The central problem in limnology is that of productivity so it is useful to 
•uer what light the present study has shed on the productivity of Lake 

In a series of papers Rawson (summarised in Rawson, 1955) has
* >n̂ trated that in large deep lakes in North America an inverse relationship 

^  between increase in mean depth and productivity (based on yield of fish,
- mJng crop of net plankton, and weight of bottom fauna). While detailed

* native data are still lacking, the impression gained as a result of everyday 
 ̂a ions on these characteristics is that the generalisation applies to

- C  ? aSa> exception of the shallow South East arm south of
u Island which must be treated as a separate entity. The rest of the

* ^oweyer, cannot be treated simply, for the biological economy of each
abitat has been shown to depend ultimately on a different kind of
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production. While there is nothing startlingly new in this statement it |  
believed that the importance of the algal Aufwuchs on the rocks has been 
shown to exceed that demonstrated in any other lake, either tropical or tem
perate, and attention is therefore directed emphatically to tins source of food
in rocky-shored tropical lakes. . 1 , Hg . ,,

Lake Tanganyika harbours a number of cichlid fishes with remarkably 
similar structural features to those of the rock-scraping Nyasan cichlids and. 
Poll (1950) recorded that two of them eat material scraped from rocks, and 
has even more recently presented evidence to show that the rock fishes of this 
lake derive much of their food from epilithic algae. (Poll, 1956 a). During 
a very brief visit to Mpulungu at the southern tip of the lake the writer saw 
several species feeding from the rocks in an almost identical manner to their 
Nyasan counterparts. I t  seems, therefore, that the algal Aufwuchs is also
very important in Lake Tanganyika. , .

The fundamental importance of the littoral zone of Lake Nyasa (resulting 
from the morphometry of the basin and the hydrological conditions prevailing 
in the lake) has already been emphasised, and the peculiar conditions prevailing 
lead one to propose a series of indices of productivity for habitats rather than 
one or more general indices for the lake as a whole. Three of these are

(1) The plankton productivity -  An index of th e  productivity of the pelagial zone.
(21 The Aufwuchs productivity — An index of the productivity of the rocky shores.
(3) The macrophytic plant and — An index of the productivity of the sandy shores, 

periphyton productivity. •

In  addition it is necessary to find some index of productivity for the 
profundal region. At present this is difficult or impossible. To some extent 
the emerging “ lake-flies” may represent the productivity of this zone, bu 
as these appear to be represented largely if not entirely by i
Edwards, which in the larval stages probably feeds entirely m the pelagn! 
zone, they are of negligible value in this respect. From the still lim it, 
information on the profundal region of the lake it would appear that its contri
bution to the general productivity is extremely slight. I f  chironomid Ian* 
do five beneath the thermocline then they must bring back from the prolunt a. 
regions some of the material which has accumulated there and cannot 
brought into circulation by water movements and must, when rising 
surface, provide a transient food source for pelagic fishes. f the

Summarising these indices and bearing in mind the enormous, area o 
lake the general picture is one of paucity, but individually the two fitto .
habitats may be highly productive. . . . . .  roclcv

I n  th e  a rea  p a rticu la rly  s tu d ied  th e  stan d in g  crop o f an im als on  tne .ro  .■ 
shore is u n d o u b ted ly  heav ie r th a n  th a t  on  th e  san d y  shore. ' ?i ejr
o f th e  lake , how ever, th e  h igh  p ro d u c tiv ity  o f rocky  shores is offset J j L  
steepness an d  hence narrow ness, w hile m an y  san d y  shores, w hile | | |  
n ev e r su p p o rtin g  a  p e rm an en t fish fau n a  as dense as th a t  o f rocky  sffioies,
often extensive.; a fact of some importance from the point of view o

— . • , , i,„ a ’Research Organisation »y.
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S  can be taken up, built into organic matter, and decomposed to give 
t • i salts again Thus anything which hastens the breakdown of 

nUT c  i  l l  to boost productivity. The work of herbivores m 
faffing down plant protein is particularly stressed m this connection.

i i s 8 difficult to fit this hypothesis to deep lakes such as Nyasa where 
. , • ponstantlv being lost below the thermocline and is apparently not

" V  f  m  R R  'X ? Pll0aMe 1  E ».  and particularly to the rocky shore where very large numbers of herbi- 
Z°rmis fishes and a dense fauna of algal eating invertebrates hasten the 
'° r°i ,1 „ o f  r>lant matter Further the faecal matter of these organisms is

to the algae and must remain and be broken down
ln-gelyhr the areain which it was deposited in spite of ibe turbulonooof 
' xhe high productivity of the littoral zone, may be due m part to f t f o f f l  
.ble n l X  to receive salts swilled into the lake from the p u n t i n g  and 
(p 159) but another contributory factor may be the transverse roc n|
• hcrmocline which can take place in large lakes and for which Mr D. Harding 
nils me he has some evidence in Lake Nyasa. Such transverse rowing 
mar occasionaffy bring water from the hypolimnion to

ZZshore b u t  a p a r t  from  th is  unlikely  ev en t i t  seem s p ro b ab le  th a t  th e  effects 
of t u S ^ ^ H  therm ocline m oves u p  an d  dow n over th e  irreg u la r b o tto m  
in he sub-litto ra l region will resu lt in  th e  passage o f w a te r  from  th e  h ypo lim nion  
as it were a ro u n d  th e  edges o f th e  therm ocline a n d  in to  th e  
currents ru nn ing  over th e  irregu lar b o tto m  n e a r th e  lak e
cause the interface between the epi- and hypokmmon to be | | W ^ 1  
than in the open water, and vertical eddies will be set 
from the hypolimnion into the epilimnion. This will enrich 
waters of the lake. Whether these factors do mdeed exert a profound 
n-mains to be proved, but it cannot be denied that the to ta lb iom assperu  
volume is infinitely greater in the littoral zone than m th e d e e p e rw a te r  
Relevant to this question are the results of a study of the algae ° f^ v e ra l  
Hast African lakes carried out by Ross (1955) who found that, besides shPP°H- 
ing much benthic algae, the inshore waters of all the a res s u le ’ .
d>e very smallest and shallowest ” had a higher phytop an on P™ .
»hau had the more offshore waters. This too may be duein  part to ■the pro. - 
niity of the land as a source of nutrients, and to movements o e er

SUMMARY OF PART I

An account is given of the fauna of part of the littoral zone of Lake Nyasa, 
Nkata Bay, and of the ecology and interrelationships of its mdividu

The main physiographical features of the littoral zone studied are outlined. 
The shore at Nkata Bay is partly rocky and partly sandy and includes a small 
tone in which “ intermediate ” conditions prevail. A. small swampy estuary 
1 'toeodile Creek) is also present. . r m, ’

Each major habitat is quite distinct and each has a dist^
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which belong to the family Cichlidae, are numerous, both specifically and 
numerically, and many of them show striking adaptations to their mode of fife 
particularly in the structure of the mouth and in the dentition. These adapt*! 
tions are described and illustrated.

Food webs are constructed for the major habitats and their structure is 
briefly discussed.

As each major lacustrine habitat, and particularly the rocky shore, harbour* 
a large number of closely related species, many of which take similar, or even 
identical foods, competition might be expected. Data bearing on this problem 
are analysed.

Whilst most insect eating fishes on the rocky shore take broadly similar 
foods each appears to show certain preferences which tend to minimise compe
tition. These differences are in some cases accentuated by differences in the 
vertical or horizontal distribution of different species.

Many herbivorous fishes on the rocky shore take similar or identical foods 
though in some cases they have different feeding mechanisms. Some species 
are spatially isolated by virtue of their ecological preferences, but several 
closely allied species co-exist in the same microhabitat and take the same food* 
Such co-existence is at variance with the so-called Gaussian hypothesis and 
seems to be possible because of a superabundance of the algal food on which 
these species feed.

On the sandy shore the fishes are usually either specialised feeders occupying 
an otherwise almost unexploited feeding niche or are general feeders which 
can probably shift their emphasis from one kind of food to another should 
any one kind become scarce.

In the intermediate zone the situation is similar to that on the sandy short 
but two of the most important species, which are related to rocky shore speck* 
are probably restricted to this zone because of an inability to compete with 
their relatives on the rocky shore and because of a lack of features suited to 
life on sandy shores.

In Crocodile Creek the number of species is small and almost all are general 
feeders.

The importance of predators in maintaining a dynamic balance on tb  
rocky shoue is pointed out.

Most species of all groups are restricted to one major habitat. Deinar. - 
for a certain type of food or substratum appear to be the main factors restrict;: * 
distribution. The significance of such inter-habitat movements as take pfa**' 
is indicated.

Brief comparison with other areas in the lake is made.
A note on the productivity of Lake Nyasa is given and attention is direct^ 

particularly to the great production of algal Aufwuchs on rocky shores 
to the accompanying rich faunas.
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PART II

t h e  e c o l o g y  a n d  e v o l u t io n  o f  a  g r o u p  o f  r o c k -
f r e q u e n t in g  NYASAN CICHLID FISHES KNOWN AS THE

“ MBUNA ”

INTRODUCTION
The most outstanding zoological feature of Lake Nyasa is the inclusion in 
fauna of a large number of fishes belonging to the family Cichlidae. Mam 
m ISO species, of which all save four arp ftndefrno. are now known to exist 
Tjjr- According to Trewavas (1935) these can r>««iomprl to  tw enty-three 
^¡ra. Among them are nine genera whidi she states are “ more closely 
uted to each other than to any other genus, though it is very difficult to 
d an absolute character to distinguish them ” . I t  is with the ecology and 
ulution of the members of these genera that the present paper deals.

THE CHARACTERISTICS OF THE MBUNA
The.'nine genera referred to by Trewavas together with the number of 

eeies now recognised for each are, Pseudotropheus (13), Labeotropheus (2),
- hinochromis (5), Cyathochromis (1), Petrotilapia (1), Gynotilapia (1), Labido- 
romis (2), Genyochromis (1) and Gephyrochromis (2).
The last mentioned genus was listed by Trewavas (1935) as Christyella, 

name shown later (Trewavas, 1947) to be synonymous with Gephyrochromis 
Ur which Boulenger (1915) had described it, erroneously giving Lake 

mganyika as its provenance.
The present study of both the structure and ecology of members of these 

■»era has confirmed and emphasised Trewavas’ contention that they are 
-‘dy related. They do indeed appear to constitute a distinct group of the 
hlidae which is probably worthy of a t least tribal rank. This distinctness 
recognised by the African fishermen who, while giving separate names to 
me of the species concerned, refer to the group as “ Mbuna ” (in Chitonga)

‘ Chindongo ” (in Chinyanja). As certain complexities would be involved 
the erection of a supra-generie taxonomic unit for the reception of these 

-era they are here referred to simply as the “ Mbuna ” .
Systematically the Mbuna can be characterised as follows : Cichlidae of 
dl size, seldom more than 20 cm. in total length and frequently smaller.

' * l.v moderately elongate, with two incomplete lateral lines. Scales denti- 
Nape covered with large numbers of small scales. Scales on cheek 

Snout short. Dentition various, but always with a short series of 
m** to nine conical postero-lateral teeth on each side of the upper jaw, usually 
"r-e<l *, and always with several rows of teeth anteriorly which may be 
mill or, more usually, bi- or tri-cuspid. Lower pharyngeal bone triangular, 
rv‘ximately equilateral, with tendency to be indented on posterior margin. 

‘ myvsis for upper pharyngeal bones formed by the parasphenoid in the 
^  and the basioccipital at the sides. Dorsal fin with fifteen to nineteen 

’;; v seventeen to nineteen) spines and seven to eleven soft rays. Anal 
*u three spines and seven to nine soft rays.
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Left ovary of female markedly■ atrophied,- right functional. Both teste, 
male functional. Representatives of several genera a t least are mouth brooder° 
young being carried by female. °ders

Colour pattern various but some or all specimens of all species show nn 
or more of the following characteristics : Dark vertical bars usually X  
lght below the dorsal fin. Horizontal bars, one mid-lateral and one above it 

cross bar on snout. A dark sub-marginal band on dorsal fin. A dark snot 
near the upper posterior margin of the operculum. One or more bright oraiwr
times ^ fem ale .011 °r ^  g i  posterior margin of anal fin in male and some-

Lacustrine species, littoral in habits, and associated with rocky shores 
Confined to Lake Nyasa.
They differ most markedly from the rest of the Nyasan cichlids in the

n an T rT '1 °f ff teral1COnical teeth> in the IarSe number of small scales in t l  
nape region the reduction of the left ovary of the female, and often in the
coloration In  general they also have different habitat preferences from theother  lch ds f  t Mg g  The general form  of a  n u m per of

1956 d0^  , ti'a,ti°nSOf B°ulen§er (1915)> ReSan (1921) and Fryer (1956 a 
9 V0; WuIe i  senes of illustrations showing the range of mouth

structure and dentition is given in Part I.
nC! J ,he/ r°UP l1articukrly interesting from an evolutionary point of view
E f  dJ # M i are ^presented from trivial specific differences to 

g genei ic adaptations to different ways of life.

som^rTm V n 10 d0U?t  that the Mbuna evolved in the lake, and although 
Slmilar species oeeur in Lake Tanganyika Trewavas (1948)

v ro u n l hf ® rSg' ? 10n thf t they are in fact cIoseIy elated, particularly on the 
Q  of a fundamental difference in the structure of the pharyngeal apophv- 

s at the base ot the skull. I t  would appear that the Mbuna and their ecological 
quivalents in Lake Tanganyika constitute a remarkable case of parallel 

evolution in isolated stocks which had rather similar genetical material at their

THE SPECIES STUDIED
The following species have been 

Pseudotropheus twpheöps Regan 
Pseudotropheus n ̂ mfasciatus Regan 
Pseudotropheusc^alus (Boulenger) 
Pseudotropheus Trewavas
Pseudotropheus foroides Fryer
Pseudotroph etts efcngatiis Fryer
Pseudotropheiis rmmtfus Fryer 
Pseudotropheus s&\, n o v .
Pseudotropheus ẑ yra (Boulenger) 
Pseudotropheus (Günther)
Pseudotropheus l¿Hnystonii (Boulenger) 
Pseudotropheus elegtans Trewavas 
Pseudotropheus Trewavas
Petrotilapia trideti/ĵ gc-r Trewavas

studied.'
Cyathochromis obliquidens Trewavas 
Cynotilapia afra (Günther) 
Labeotropheus fuelleborni Ahl. 
Labeotropheus trewavasae Fryer 
Gettyochromis mento Trewavas 
Labidochromis velltcdns Trewavas 
Labidochromis caeruleus Fryer 
Melanochromis melanopterus Trewavas 
Melanochromts vermivorus Trewavas 
Melanochromis brevis Trewavas 
Melanochromis perspicax Trewavas 
Melanochromis labrosus Trewavas 
Gephyrochromis moorii Boulenger 
Gephyrochromis lawsi Fryer
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Of these all except P. novemfasciatus, P. elegans, the new Pseudotropheus, 
e last four species of Melanochromis listed, and G. moorii have been studied 

¿live or have at least been examined in a fresh condition after capture. The 
exceptions have been studied only in the preserved state. As treated here 
i\ tropheops includes-the species and subspecies described as P. tropheops 
r aJuops Regan, P. t. gracilior Trewavas, P. microstoma Trewavas, and P. 
c.;cropMhalmus Ahl. Reasons for regarding these forms as constituting one 
v triable species will be given elsewhere.

TAXONOMY

The taxonomic relationships of the Mbuna present some extremely perplex- 
features at both the generic and specific level. While a detailed account 

: these is not called for here, a few remarks relevant to the biological and 
vohitionary study call for comment.

One of the tantalising features of the taxonomy of the group is the 
faculty experienced in defining several of the genera, notably those which 

r »up themselves most closely around Pseudotropheus. The distinctions 
"tween some members of this genus and the genera Melanochromis arid 
- ; hifrochromis are so fine that, were one considering the border-line casés 

ne, one would not hesitate to merge the genera concerned into one taxonomic 
ut. On the other hand the extreme forms of Melanochromis and Gephyro- 
c'uu\s are sufficiently distinct from Pseudotropheus to merit independent 

* reric status. Thus G, lawsi is obviously closely related to P. lucerna and 
* I guns and there could be few complaints if it were regarded as being a 

Timber of the genus Pseudotropheus as it at present stands defined, yet it is 
P iously congeneric with G. moorii which exhibits sufficient non-Pseudotro-

* features to merit generic separation. Similarly P. fuscoides rests uneasily 
.¿ UCn ^  f uscus on the one hand and species of Melanochromis on the

bi en more perplexing are cases where fishes which, in their basic anatomy, 
ar to belong to one particular genus, nevertheless exhibit such well-marked 

u rgence in one characteristic (dentition) that they have been assigned to 
I # - ira*C Senera* Three striking cases of this phenomenon are found among the 

¡|l* The monotypic genera Cynotilapia, Cyathochromis and Petrotilapia 
lery similar in anatomy to species of Pseudotropheus, and particularly 

, ' r\  and its nearest allies, yet all show extreme modification of the teeth,
* 1 ĉ ®er widely one from another in this respect. In fact in features 

I lan fhe dentition they are probably more like P. zebra than are certain
- > "Inch are currently regarded as members of its own genus !

■^ft^hàs, the choice of recognising these highly specialised and
5 tb * a^aptÍYe features by bestowing generic distinctness upon them,
I iere T f° some extent obscuring the phylogeny of the group as a whole ;

^ping all the species concerned into one genus whose members would 
. an RRHsually wide range of dental patterns. Neither system is

. satisfactory. The former procedure, adopted by Trewavas (1935)
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in her preliminary grouping of the genera, is followed here. In  order to corrects 
express affinities and yet take into account divergent specialisation of singf 
characteristics one would in effect require a three-dimensional system of 
nomenclature. Such a system has yet to be devised.

Many taxonomic problems are presented also at an infra-generic level 
Most of these concern the genus Pseudotropheus. As it stands at present 
this genus comprises a somewhat heterogeneous assemblage of species which 
appear to represent at least three diverging lines of evolution. While these 
lines have diverged to such an extent that one familiar with the group can 
recognise the fact (particularly in the field), it is extremely difficult to define 
them so that their representatives may be given taxonomic standing. This 
would not matter greatly were it not for the fact that such genera as Cyatho- 
chromls and Melanochromis (and others) can be recognised as being closer to 
one line than to another, a state of affairs which leads to apparent unorthodoxy 
when one tries to express phylogeny as, for example, in Fig. 99, p. 260. In 
such cases it would appear that evolution has gone on at different rates in the 
different lines and that, to take one example, although the trend towards the 
condition seen in Cyathochromis probably arose after the Pseudotropheus 
group had begun to undergo divergent specialisation, it proceeded with such 
rapidity that its present-day manifestation merits generic recognition; whereas 
P . zebra and P. tropheops> which may well have been diverging for a longer 
period of time, are still regarded as members of the same genus.

These taxonomic difficulties are to be interpreted as some of the results 
of the recent, probably rapid, and still continuing evolution of the group of 
fishes concerned.

IN TRASPECIFIC V A R IA BILITY

Some of the species are structurally stable and show relatively little mor
phological variability, though they may be variable in colour (see below),’wink 
others, even when comprising a single population, are very variable in certain 
morphological characteristics as well as in colour. Even the stable species are 
not easily characterised by reference to ratios such as are used in classical fish 
taxonomy as certain parts of the body exhibit allometric growth. For instance 
in all those species of which sufficient material has been available for study, 
there is a progressive increase in body depth in relation to length as the fish 
increases in size, as can be deduced from the graphs already published which 
show the relationship between standard length and body depth in the species 
of Lahidochromis and Labeotropheus (Fryer, 1956 a, 1956 d).

The most variable species studied is Pseudotropheus tropheops. In fact it 
is so variable that it was formerly considered to represent three species, for 
one of which a subspecies was described. Details of this variability are given 
elsewhere, but here it can be mentioned that it affects such structural- charac
teristic^ as the width of the tooth band of the lower jaw, the diameter of the 
eye, the interorbital width and the snout length, as well as coloration. I# 
fact It affects just those characteristics of the animal which were utilised as a 
basis a or specific differentiation by systematists in their pioneering studies on
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the g r o u p  when the amount of available material was limited. All these 
c h a r a c te r is t ic s  appear to vary in a completely random manner.

COLOUR PATTERN

I n  spite of the remarkable range of coloration and colour variation to be 
.eell among the Mbuna, some of which is mentioned in the next section, it is 
n e v e r th e le s s  possible to designate certain features of the colour pattern as 
being characteristic of the group. Some of these, such as the frequent presence 
of a broad black submarginal band on the dorsal fin, were recognised as such by 
Trewavas (1935) even in preserved material. One can in fact describe a | e basic 
colour pattern ” one or more features of which it is usually possible to trace 
in any individual of the Mbuna group.

A fish having such a basic colour pattern would have two horizontal bars, 
one in the mid-lateral line and one above it ; a cross bar on the snout (a 
continuation of the lower horizontal b a r ) ; a dark submarginal band on the 
dorsal fin ; traces of six to eight dark vertical bars below the dorsal fin ; a 
dark spot near the upper posterior edge of the operculum, and one or more 
intense yellow or orange spots on or near the posterior margin of the anal 
tin. /

Such a pattern, with the exception of the vertical bars, is shown most clearly 
today by Pseudotropheus auratus. Species in which the horizontal bars are 
1h st developed tend to show little sign of vertical bars and vice versa, though 
both can sometimes be seen in a single individual of certain species.

The appearance of dark vertical bars in the very early stages of development 
c f several species, including Petrotilapia tridentiger in which they can seldom 
k  distinguished in the adult, perhaps indicates that the ancestral Mbuna 
exhibited such a pattern, though the possibility that they also represent a 
larval specialisation cannot be ruled out.

Some of the features of the colour pattern are sporadic in their occurrence 
'••>d may or may not be found in different individuals of a given species. This 
• j plies particularly to the dark submarginal band of the dorsal fin. Such 
wradic occurrence suggests that it is a primitive characteristic in process of 
king lost. I t  is interesting to compare this state of affairs with that found 
1:1 die best studied case of the ecology and evolution of a group of closely 
elated and geographically isolated species, namely that of “ Darwin’s 
} inches ” of the Galapagos Islands studied by Lack (1947). Among these 
r̂nls are four species belonging to three genera in which a rufous wing bar 

T<ciirs in some but not all individuals. So far as is known this wing bar is 
--netionless. I t  seems probable that the dark sub-marginal band of the Mbuna 
^  similarly functionless in such species as Pseudotropheus tropheops and 

>r<tilapia tridentiger in which it may be well developed, feebly developed, 
'J c°nipletely absent : but the fact that it is always well developed and very 
-uiy apparent in some species (Pseudotropheus auratus, Lahidochromis 
'nihus) suggests that here it has been adopted as a specific recognition signal 

" plays some part in the courtship display and is therefore preserved by 
fuiiral; election. Such a function would accord well with the suggestion 

its presence is a primitive characteristic.
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COLOUR VARIATION, SEXUAL DIMORPHISM AND COLOUR POLYMORPHISM*

The actual coloration of the Mbuna is exceedingly diverse, though individual 
species are usually either dark or very brightly coloured. This diversity i= 
complicated by random variation, by the fact that the colour of sexually active 
individuals, and particularly the males, often differs from that of non-breedin« 
fishes of the same species; because sexual dimorphism in coloration is 
exhibited by some species ; and by the fact that some species are polymorphic 
m respect of coloration. In addition, colour changes, which are very strikin» 
in the case of the males of Pseudotropheus also take place accordin' 
to the emotional state ®f the animal. These topics are discussed in turn. '

Colour variation
As opposed to colour polymorphism, namely the existence of several quite 

distinct types of coloration, there is, in some species, a considerable amount of 
colour variation of the most random type. This is seen most strikingly in 

Petrotilapta tridentigerand Pseudotropheus Females of
tiger may be a more or less uniform dull brown, almost black, or have the 
brownness tinged with blue, or be quite orange ventrally. Others which, 
however, may represent a polymorphic form, may be completely gold and very 
similar in colour to the familiar golden carp. This may be- a polymorphic form 
as very small gold specimens are to be seen in nature—indicating that this s 
colour is retained throughout life - and that it is definitely not associated with 
sexual activity. In aquaria, however, it tends to fade and once dark vertical j . 
bars began to develop in a specimen which showed no sign of these when 
captured. Apart from the fact that the brightness and intensity of the 
coloration seems to iniroase as the gonads ripen this colour variation seems f 
to be quite haphazard wen within a single well isolated population. The males 
are almost equally variable but tend to be a bright blue when sexually active.
Some have a most brilliant orange throat ; in others the throat is blue or 
brownish ; and in some the entire belly is golden yellow./

Besides exhibiting a distinct colour polymorphism one of the forms of 
Ps' tropheops is just as variable in colour as is P. tridentiger described above.

Such random colour variation indicates that in these species specific colora* 
tion is unimportant in. mating activities. Some other characteristics such 
as the formation of the mouth and dentition may be important in preventing 
the successful completion of any interspecific mating behaviour in which these 
two species might become involved and it is perhaps significant that P< 
tridentiger has a dentition quite unlike that of any other species and that 
there is only one species—the somewhat doubtfully distinct Ps. novemfasciatus— 
with a similar mouth to Ps. tropheops. I t  would certainly appear significant

* Colour polymorphism is sailed polyehromatism by some authors. Ford (1940) prefers M 
use polyphasy in the more general sense and to restrict the term polymorphism to a conditio 
of balance of the genes invoked, or to the transient condition leading to such balance. A* . 
Hovanitz (1953) says, however* in actual field work it is not always practical to separate trti** 
polymorphism from that polyphasic condition which is due to recurrent mutation ”. The W*® 

it hefe P,m ily  for the reason g^on by Hovanitz and partly because it seen*
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that, those species with the most distinctive coloration (Pseudotropheus 
a u r a t u s  and Lahi4&ck rom is caeruleus) appear to be among the least variable 
in this respect.

Sexual dimorphism
Sexual dimorphism in the Mbuna, so far as it concerns coloration, may be 

either transient, when it is associated with ripeness of the gonads, or permanent. 
Transient sexual dimorphism is shown for example by Pseudotropheus minutus 
in which males with unripe gonads resemble the females in their dark and 
sombre coloration., but differ from them when the gonads are ripe by develop
ing a body pattern of alternating blue and nearly black vertical bars. Another 
example is provided by Labeotropheus fuelleborniin which the breeding male 
assumes a bright blue coloration, and indeed a rather similar state of affairs 
holds good for most of the Mbuna.

Permanent sexual dimorphism is shown by Cyathochromis obliquidens and 
P$cudotropheus auratus.

Males of C. obliquidens are very handsomely coloured, with blues and 
yellows predominating, and have three or four intense orange spots on the 
anal fin, while the females are much more sombre and are a light yellowish 
f rown in colour with a grey bronze sheen, have no spots on the anal fin, and 
always exhibit the two horizontal bands of the basic colour pattern.

Colour pattern of Pseudotropheus auratus. (Diagrammatic). For significance of 
lettering see text.

I* *̂ 0re striking the difference in colour between the sexes of P. auratus. 
* ; *na ês l̂ave the two dark, almost black, horizontal bands of the basic colour 
; -4c*rn very clearly demarcated on the flanks on a ground colour of gold, and 
^v&nably have a very distinct dark sub-marginal band on the dorsal fin. 
i : ; 1 horizontal bands is edged with blue. Typical males on the
- r land, have exactly the same colour pattern but the ground colour is 
lljk black and me horizontal bands are a brilliant electric blue*, 

ibc Vi6 k1̂ 6 *S' subject to remarkable and rapid changes in colour.
anSes recuire further study but their essentials can be understood 

e following description. References refer to Fig. 96. A typical male
o ̂ 83 nient that these bands in the male are gold was based on preserved
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was caught, quite undamaged, in a net. Bands A, B, D and E were blue 
and the rest of the body including W nd C was almost black. This fish w&s 
dropped into a can of water in the boat and there underwent a remarkable- 
colour change, assuming the female coloration, i.e. bands A and B chan«e<5 
from blue to black, bands D and R changed from blue to gold, and the rest 
of the body, with the exception of W ad C which remained black, changed 
from black to gold. On being allowed to settle in the laboratory the typical 
male coloration was re-assumed. The fish was lifted out of the water and it 
again changed quickly to the colour of the female. On being returned to the 
water the male coloration was agafin gradually reassumed. This latter 
process was carefully watched and took place as follows. Bands A and l! 
gradually became less and less distinct «« the gold on either side became suffused 
with blue-black. At the same time the  entire belly region (X) became darker 
as a black pigmentation spread throughout a formerly gold area. The dorsal 
parts were now blue black with the bffcads scarcely distinguishable. Gradually, 
however, bands A and B then became more and more distinct but the colour 
was now blue and not black, while the- hands above and between them, and the 
belly region, previously gold, became distinct and black !

The significance of the above phciv«menon remains obscure. I t  is possible, 
however, that the male, when not sexually active, is the same colour as the 
female. Against this is the fact tharr the few specimens caught which had s 
female colour were indeed all females. Trewavas (1935) noted a marked 
discrepancy in the sex ratio of presetted  specimens in the British Museum, of 
which thirty-seven were females amd seven were males. Specimens with 
male coloration were seen rarely ait N kata Bay and elsewhere during th' 
present study so it may be that serrme of the alleged females in the Brit LA 
Museum are actually immature maiifs, One field observation is relevant U> 
this question. A specimen seen guarding a territory, and therefore presumed 
to be a male, was in a " half way s%ge ” in coloration, bands Z and Y beinj 
•“ bluish gold ” instead' of black anefirhe belly region X being a.mixture of g»W 
and black pigment.

Sexual dimorphism, either transient, or permanent, is fairly general through
out the Mbuna, the only exception^noted being some of the colour pha** 
of the polymorphic Pseudotropheus zxi-bra and the monomorphic «
caeruleus both males and females of' which are similarly and most striking * 
coloured. I (See Fig. 8 in Fryer, 195ns a).
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lied after preservation but the colour pattern, while similar to that found 
”ome of the females of L. trewavasae, seems to differ sufficiently to be regarded

' \m ohg the relatively small number of specimens of trewavasae collected 
i uer cent of the females were “ norm al” in coloration and 50 per cent 
hibited what is here called an |  orange blotch ” pattern. This consists of 
ŝeries of small groups of pigment spots, some black, others orange, on a 
t her dirty white ground. The entire body is so coloured. The degree of 
*ck pigmentation, i.e. the total area occupied by the black blotches, varies 

- >m individual to individual. In  some fishes the black blotches occupy at 
! wt 40 per cent of the body, in others no more than about 20 per cent. The
• wee of development of the black pigmentation may differ on the two sides 
fa  single fish. Always, however, the pigment was aggregated into distinct 
A.tches, being in this respect quite different from the peppered pattern seen 
. L fuelleborni. Apart from its reappearance again in Pseudotropheus zebra 
•tc below) this pattern is quite unique not only among the Mbuna but among 
i.e Xyasan eichlids as a whole. This form occurs both in the Nkata Bay 
liva aiKi Ruarwe some forty miles to the north, these being the only stations 
: -in which L. trewavasae has so far been recorded. A sight record at Kajizinge,
I ».•tween these stations, also almost certainly refers to this form.

A more complex state of affairs exists in the case of zebra. Here both 
“ ill's and females may either exhibit a pattern of alternating blue and black
• rtieal bars (BB) whose intensity varies somewhat according to the state of 
* gonads, or they may be entirely sky blue in colour (B), or they may be

white (W). In  addition a small percentage of the females exhibit an 
«range blotch ’’ pattern (OB) such as was described above for
II ■'-<* colour-forms are shown in Plate 2. In  addition one white specimen
• »libited a very small number of black blotches such as are to be seen in the

; pattern.
1 he occurrence of the OB pattern in two different genera was a t first taken 
ply! as an indication of their fundamentally similar genetic makeup and
- considered as additional evidence that the two genera concerned, which
- r markedly in mouth structure, are closely related. So far as the Xyasan 
'-'ids are concerned this opinion is still held. However, similar polymor- 
•m, in one form of which the distribution of the black pigmentation is

ally the same as in the two Nyasan species, occurs among the eichlids of 
* Victoria in several species of Haplochromis and in two monotypic genera 

1 to Haplochromis (Greenwood, 1954, 1956 a, 1956 b, 1957 and personal 
—nmieations), and is to be seen again in two species of Haplochromis of L.
•tt* In Lake Victoria Greenwood considers that no reliability can be placed 

characteristic as an indicator of phyletic relationship save that its 
■*'4?cd occurrence probably reflects the oligophyletic origin of the Lake 
-«ria species flock. Nevertheless he thinks it suggestive ” that two of 

'•••’ cies which exhibit it, Haplochromis (Pfeffer) and Macropleuro- 
rr‘lor (Boulenger), show similarities in fundamental syncranial morpho- 

• Taking a broad view, therefore, the conclusion seems to be that the
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Fig. 97.—Distribution of colour forms of Pseudotropheus zebra in a region in the north‘d 
Lake ^»yasa and (inset) Likoma Island. Degrees of abundance indicated by the 
are, Common : Present : Rare : Absent.
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prated lakes is indicative of the oligophyletic origin of their present-day 
’hlid faunas.
The distribution of the various colour forms in zebra is not uniform. 

,g. 97 shows the approximate proportions of the various colour forms, as 
riniated by visual observations, in several localities along a forty mile stretch 
shore which is predominantly rocky and is interrupted by sandy beaches of 

ilv minor extent, together with the state of affairs at Likoma Island which 
;S on the opposite side of thé lake and is separated from the other localities
• about forty miles of open water of great depth. At Benji Island, about 
" miles south of Nkata Bay, no blue or white specimens were seen or collected
my colleagues who specially looked for them there. While it was unfor- 

nately not possible to make observations at as many points as would have 
< n liked in part of the area shown on the map the indications are that the 
¡ilence of the various colour forms does not necessarily change gradually, 
ihis ueie so one would have expected the white form, which is very con
fiions when present, to be more common at Kajizinge than at Nkata Bay, 
ugh it was in fact not seen there at all.
1 here is no obvious correlation between the distribution of the various 

bur forms and the environment, which is very uniform on rocky shores, 
‘eems possible, however, that some of them, particularly W and B, will be 
re obvious than their fellows to predators, and particularly to fish-eating 

•L such as cormorants, darters, kingfishers, fish eagles and ospreys, all of 
■ h presumably possess colour vision.*

P-mlotropheus tropheopsalso exhibits colour polymorphism. While very 
n .ble m colour and in the degree of development of a colour pattern a 
•I'H-jU individual can be readily recognised. In addition a form which is 

r îght in colour and has a number (usually eight) of narrow horizontal orange 
'  on the flanks is also common, at least a t Nkata Bay. Both males and 
«> of t his form are to be found. In males in breeding dress the horizontal 
Vi t0 fc<3 obscured ky thé development of darker pigment and bluish 

. ' ,  ’ , . ‘ At first was taken to be a distinct species, but no constant 
î ï r p  S i  dlfferences between it and the i  typical j  form could be found,
. • 1 '• Irewavas, to whom a specimen was sent, agreed that it was indis- 
s. ^ ) J ° her preserved material of P. .
......per form, again originally taken to be a distinct species, is typically
:5V*V f M H I in colour and has eight dark vertical bars, of which 

: s'x A°r C*0rSal dn and extend some way into it. The dorsal fin thus
- is met patches of black pigment at its base. The two horizontal 

mbasic colour pattern are also quite well developed. This pattern
„ ï ixtpm°TTa ]uvenüe taken from mouth of a female which had the

- , ^fortunately all save one of the young of this specimen had
‘ 'or nnT e ™outb during capture so the opportunity of ascertaining 

- • • N k a tS P iS S  broods were Produced did not arise. This form is rather 
5 ‘ ' irnen i was found to be much more common at Ruarwe. A

Ŝ m been seen which are in some ways intermediate in colora-
* - ‘n , , lls iorm and the typical form, the ground colour being dark,

T’* p. 2S0. °
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the bars less distinct, and the vertical ones not extending or only very slightly 
extending into the dorsal fin. The whole problem in this case is thus rendered 
very obscure.

Besides these, a single specimen of P . tropheops which was completely 
orange in colour was collected at Gape Maclear in the south ; and at Nkata 
Bay a specimen was found which had six horizontal rows of distinct yellowish 
spots ventrally. (See also notes on the orange shoulders of males of this 
species at Likoma Island given in a subsequent section).

It must be emphasised that in all cases of polymorphism recorded above 
no evidence has been obtained to indicate that the different forms have different 
ecological preferences. All co-exist and can frequently be seen together.

Nothing is known about the genetical basis of colour polymorphism in 
P. zebra and L. trewavasae except what can be inferred from the fact that the 
OB pattern appears to be strictly sex limited and that complete dominance is 
the general rule. In general the different types of coloration are .exceptionally 
clear cut, which indicates that they are the result of the expression of single 
genes or chromosome sections. The occurrence of a few flecks of black pigment 
in a white specimen of P. zebra may possibly be the result of modifiers. The 
sex limited nature of the OB pattern makes it seem probable that the female 
is the heterogametic sex, and it seems likely that there is in operation a 
mechanism involving the linkage of the gene or gene complex concerned with 
its expression with a recessive lethal such as has been shown by Goldschmidt 
and Fischer and by Gerould to be responsible for similar female polymorphism 
in certain butterflies. (Both cases quoted by Huxley 1942).

While no obvious selective advantages can be seen for the various poly
morphic forms—and particularly for the conspicuous white form of P. zebra 
—it might be inferred from the distribution of the various forms that colour 
differences have selective significance or at least may be linked with hidden 
characteristics which are themselves of selective significance, though the 
possibility that the composition of isolated populations is influenced by genetic 
drift cannot be ruled out. I f drift is not at work then the differences in the 
frequency of the various forms of P. zebra over relatively short distances may 
well be interpreted as indicating that the selective advantage of the various 
colour phases (not necessarily based on the colour itself), varies from locality 
to locality, the differences being correlated with slight differences in the environ
ment in different areas. That the alleles concerned have exactly similar 
selective values is extremely unlikely as has been shown by several genetical 
studies which, incidentally, reveal also that apparently insignificant morpht> 
logical characteristics may go hand in hand with other characteristics ot 
obvious selective value, such as longevity, fecundity, and similar viability 
factors, most of which would be difficult or impossible to discover during fieW 
studies.

Colour per se may have positive or negative selective value in differei  ̂
localities where conditions differ slightly as it appears to have in the 
Cepaea nemoralis (L) (Cain & Sheppard, 1950, Sheppard, 1951) but not rn 
another polymorphic snail Bradybaena similaris (Komai & Emura, l9o<> 
This seems improbable in the present cases where the colour differences &
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, cut and not subtly intergrading, and particularly when it is remembered 
^  the OB pattern occurs in fishes in other lakes which frequent quite 
Ntforent habitats from those occupied by the Mbuna.

The number of females obtained which had young in the mouth was few 
1 as very small juveniles are not particularly suitable for studying the 

Nvelopment of pigmentation this rather promising possibility of finding out 
net binr/ of the genetics of polymorphism in the group remains largely 

r »explored. I t  is worth while noting, however, that the entire brood of a  
•'normal ” female of Labeotropheustrewavasae (twenty-two fishes) whose 

»¡embers were large enough to exhibit distinctive pigmentation were all
* normal

DISTRIBUTION

-\11 species of the group are strictly confined to L. Nyasa. Brooks (1950) 
.'tempted to marshall such scanty evidence as was available to show that 
l .me species of the group are geographically isolated in one part of the lake. 
This was scarcely justified and we are still not in a position to make many 
abortions! concerning the intra-lacustrine distribution of the various species. 
However recent collections made at strategic points on both east and west 

-kires together with records from the north and south ends of the lake (based 
chiefly on the Christy collection (Trewavas, 1935)), indicate that several species 

cur all round the lake wherever suitable conditions exist. It would be easy 
u> base speculations on negative evidence but until the lake has been much 
more carefully explored the fact that a given species has not been recorded 
emm a locality cannot be taken as proof of its absence. A table showing the 
r^ential facts of the known distribution of the various species is given in
appendix L _

That some species do not occur wherever there are rocky shores is shown by 
tie work at Xkata Bay which is now by far the best worked area of rocky shore 
in the lake. Here certain species which are fairly well represented in the 
tlmsty collection were not found.

The foot that Brooks’ evidence was incomplete and that the apparent 
of northern and southern subspecies of Pseudotroplieus tropheops has been 

T ovn to be the result of chance association of phenotypes of a very variable 
•fjeeies in limited collections (Fryer, unpublished data) does not mean that 

speciation is denied. As is made clear in subsequent sections 
'u.e evidence is all in favour of such speciation.

g e n e r a l  e c o l o g y  a n d  h a b it s

Although the various species of Mbuna have diverged in habits and many 
w  striking morphological differences correlated with these habits, all species 
vertheless; have one fundamental requirement in common. None is ever 
md I nr from rocks. Most species are very closely associated with rocky 
f from which they obtain* their food, and even those species such as 

rd*t: ii a fra and Genyochromis mento whose feeding habits differ most 
^kinrty from those of their relatives, and which could presumably collect 

Hn u food, from non-rocky situations, are far from being emancipated from
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rocky shores. This broad similarity in ecological preferences emphasises tl 
close phyletic relationship of the various genera.

Apart from Cynotilapia afra which has to some extent taken to a pe]a„: 
mode of life yet is still found only on rocky shores, all the other species t  
benthic in habits and are usually to be found swimming within about 1 me, 
of the bottom. They are graceful fishes whose movements are usually m 
hurried, and whose main activity in life appears to be the collection of f iJ  
They occur on rocky shores in prodigious numbers, their density being at le.v 
six or seten (and sometimes even more) per square metre of the bottom on fb 
shore studied in most detail (see Part I, p. 164). When alarmed they usual’- 
flee for only short distances and seek shelter beneath a rock at the earlic«- 
opportunity.

Their very close association with rocks is startlingly revealed when 
observes, as is often possible, a region where a rocky shore suddenly ceay 
and gives way to a sandy beach. As the rocks cease, so do the Mbuna, ae 
within a few yards of one another one can see areas in which Mbuna aboim: 
and in which they are completely absent. Where rocky shores grade 
gradually into sandy beaches the change in fauna is naturally less rapid, !,•• 
is nevertheless very striking, particularly in that almost all species cease t 
occur as soon as there is any considerable admixture of sand in the substratum 
but two species Cyathochromis obliquidensand whi :
are virtually absent among the rocks, and which are completely absent fro: 
the sand may be here very common.

Almost all are shallow water forms. As the depth of water in excess 
6 or 7 metres increases there is a progressive diminution in number of M!«r; 
and, as a general rule, it is true to say that very few of these fishes vent!;' 
to depths of more than about 20 metres. This means that they are restrict' 
to a very narrow strip around the margin of the lake and offshore islaiti* 
For instance, even on the rocky shore studied at Nkata Bay where there is a «• 
marked littoral shelf, a depth of 20 metres is attained within about 70 met." 
of the shore, and on large tracts of shore the slope is much steeper tl- 
this and there are indeed points a t which the rocks descend almost verticil-, 
to depths in excess of 20 metres.

A very striking and important feature of the ecology of these fishes is ti 
a large number of species can always be found living together on rock}'' show 
For example eighteen species were recorded on a single rocky shore at Nfc 
Bay, and a further two species occurred on a contiguous strip where roc*? 
occurred among sand.

Detailed information on the individual ecological preferences of the spew' 
studied has been presented in Part I  ; most of this, together with addition* 
relevant information, is summarised in the next two sections.

FOOD PREFERENCES

Two basic foods are available to rock frequenting fishes of small - - 
One of these is the algal felt (Aufwuchs) growing on the rocks, which com' 
essentially of diatoms and other loose algae (loose Aufwuchs) and more fr"*' 
attached filaments, particularly of the blue green alga 'v̂ :‘
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A>\vever, is not digested when eaten (see Part % p. 173). The other is the 
•ivertebrate fauna which consists mainly of small insect larvae and certain 
rustaceans (ostracods and harpacticoid copepods).

The Mbuna have exploited both these sources of food. A given species is 
dually rigorously restricted to one or other of these diets and in most cases 
i.6 feeding mechanism is highly specialised to facilitate the collection of one 
r other of these foods. Within each feeding group, however, the differences 
n lood preferences between individual species are usually remarkably small 
ii;d are frequently indistinguishable. Thus all the herbivores eat Aufwuchs 

<1 the only difference between the various species seems to be that some 
>i!ect the indigestible Calothrix whilst others do not.

It is noteworthy that no species of Mbuna has become piscivorous, but 
hnochromis melanopterusseems to possess potentialities whose exploitation

oiikl peimit the inclusion offish in the diet and, on one occasion, a small fish 
3S f°un(l in the gut of this species. The other fishes of the environment have 
•̂n exploited, however, namely by • Genyochromentó which feeds by rasping 
,’es from its larger and less active brethren. (Fryer, Greenwood & Trewavas, 

•'»5). This absence of piscivorous species may not be unconnected with the 
v valence of small size within the group. (In aquaria all species, whether carn- 
• rous or herbivorous feed greedily on the eggs or fry of their fellows if oppor- 
nity to do so offers).
The food of the species studied is listed below.

La beotropheus fuelleborni 
Labeotropheus trewavasae 
Pseudotropheus zebra 
Pseudotropheus livingstonii 
Pseudotropheus williamsi 
Pseudotropheus lucerna 
Pseudotropheus tropheops 
Pse udotropheus fuscus
Pseudotropheus fuscoides 
Pseudotropheus elongatus 
Pseudotropheus minutus 
Pseudotropheus auratus 
* df hmoc-hropiis melanopterus 
Pei rot ilapia tridentiger 
( d'ithochromis obliquidens 
LynotUapia afra

Genyochromis mentó 
Iylb<dochi'omis vellicans 
Lob tdochromis caeruleus 
'tphyrochromis lawsi

Aufwuchs (including Calothrix)
Aufwuchs (including Calothrix)
Loose Aufwuchs
Loose Aufwuchs
Insects -f* some loose Aufwuchs
Loose Aufwuchs
Aufwuchs (including Calothrix)
Loose Aufwuchs 
Insects
Loose Aufwuchs 
Loose Aufwuchs 
Loose Aufwuchs
Insects and (in one large specimen) crabs 
Loose Aufwuchs 
Loose Aufwuchs
Zooplankton + very small amounts of Aufwuchs 
and insects
Fish scales and fins -j- traces of Aufwuchs
Insects
Insects
Loose Aufwuchs

INDIVIDUAL ECOLOGICAL PREFERENCES

-tical topT m  °GCUr am°ng or near r°eks I t  is possible to point to certain 
ito  keen B renC-eSi°f  a few species, other than those of food, which will 
VSJne yen!T v t — ^om their near relatives and allow them to inhabit
«iOi-t s t r iW > to i ! f i  Wi“  ®°“ Peting to any great extent. Perhaps
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admixture of sand of Cyathochromis obliquidens and lucerne
but similar cases occur among the species living among the rocks themselves 
Thus among the inseefc eaters Labidochr usually occurs verv 
close inshore and has a different horizontal range from its relatives, and % 
same holds good to a very marked degree for Pseudotropheus fuscus among 
the Aufwuchs eaters and apparently also for minutus. On the other hand 
the few specimens of P. tivingstonii taken all came from deeper water than 
that frequented by the majority of the Mbuna, and, a t Nkata Bay at least, 
the same applies to Gephyrochromislawsi. At Florence Bay the latter occurs 
on a. shore which is shingly rather than truly rocky and thus appears to have 
preferences which keep it  isolated from the rest of the Mbuna, though these 
preferences cannot yet be distinctly defined.

The differences in general ecological preferences and in food preferences are 
shown in Table 7. Ecological separation is particularly weak among the 
the Aufwuchs eaters. Here, although the difference between eaters and non
eaters of Calothrix is an established fact in some areas of the lake, its significance 
is doubtful as Calothrix is not digested. Further, species which eat it when it 
is available can subsist without it in those areas in which it does not occur 
(see p. 233). I t  seems, however, that by including in their diet
when it is available these species relieve pressure on the loose Aufwuchs. 
and it is possible that certain species which can co-exist when Calothrix is 
available cannot always do so when both are competing for loose Aufwuchs 
alone (see Part I, p. 233).

Although the possession of different feeding mechanisms is listed in Table'  
(see also p. 258) as a possible means of ecological separation this is done without 
much confidence in its effectiveness, for the species concerned often take 
identical foods. In fact it seems that different mechanisms have been evolved 
in order to achieve the same end rather than that divergence in order to permit 
the exploitation of slightly different conditions has taken place. Further, 
although in theory the small Pseudotropheus minutus will be able to feed 
in crannies inaccessible to the larger P. fuscus with which it co-exists, the gut 
contents of the two are in fact indistinguishable.

Even assuming these slender and somewhat academic differences to be 
sufficient to partially obviate competition between certain species there still 
remain some, such as the very well studied Pseudotropheus zebra and Petrotilapio 
tridentiger, which co-exist, employ an identical feeding mechanism, and eat 
exactly the same kind of food. This intimate co-existence without obvious 
competition, which is of considerable evolutionary importance, seems to be 
due to a large extent to the superabundance of algal food among the rocks. 
(See p. 226 and also subsequent sections of this paper).

BREEDING HABITS

I t  is much more difficult to obtain information about the breeding habits of 
species living among rocks than of their allies living on sand. Some at least of
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The ecological niches of the Mbuna.
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All the evidence obtained points to the fact that breeding takes place 
uiiong the rocks, i.e. that there is no migration to other habitats, and that 
the young are reared there. Summarising the somewhat fragmentary evidence 
obtained it would appear that during breeding periods the male assumes a 
“ breeding dress ” and establishes a territory among the rocks over which it 
keeps a zealous watch and from which it actively chases all intruders ; that 
Cilct laying is preceded by a definite sequence of courtship behaviour, and 
that* after fertilisation the eggs are picked up and brooded in the mouth of the 
female. Breeding takes place throughout the year. There is no evidence to 
¿how that pairs continue to associate after fertilisation of the eggs. Notes 

these various aspects of the breeding behaviour are given below.

Territoriality
That breeding males of several species defend territories is established 

beyond doubt. Such behaviour can be regularly observed during underwater 
observations. The territory may be a cleft among the rocks or even a flat, 
xposed area of rock offering no semblance of shelter. Because of the very 

irregular nature of the substratum it was virtually impossible to decide whether 
iiflerent species have different territorial preferences, though Labeotropheus 
{udkbjdrm was seen most often with territories in clefts, and an exception must 
U* made for Cyathochromis obliquidens which frequents areas where rocks occur 
among sand, and which on two occasions was seen occupying a territory which 
consisted of an excavation in the sand alongside, or in one case under, a rock. 
* The territory is usually small and the centre of attraction may be, as in 

one case where Pseudotropheus auratus was watched, only about 60 cm. long 
-d no more than about 20 cm. wide. When on guard in its territory a male 
•*f any species usually moves little more than a metre in any direction from the 
centre of the territory except to pursue intruders. On such occasions it may 
•Kise them for a couple of metres before returning to its territory. Guarding 
-ales are very bold and on one occasion a male of Pseudotropheus tropheops 
v,a' seeR to drive away a predatory PLaploehromis considerably larger than itself. 
* bee (1952) quotes Collias as stating that defence of a territory is usually directed 
vamsfc individuals of the same species and that alien species are nearly always 
J* nmtted to enter a territory without molestation. This is not so among the 
Hbuna.

After observing a fish in its territory it is usually difficult to locate it on a 
J sequent occasion, but in one ease, due to the fortunate coincidence of a 

P- auratus which exhibited a peculiarity of coloration selecting a 
‘1' rit0ly  near to a readily recognisable “ landmark ” , it was possible to establish 
- A it was present in the same restricted territory on two consecutive days.

■ ^  ome guarding males at least do not cease to feed whilst occupying terri- 
. « as they have been observed to browse on the rocks in between periods 
" ?1!&rd duty.

he significance of territoriality in the Mbuna is probably to give some 
M ire  of protection to the eggs which are presumably shed by the female 

H huTitory of the male at the end of courtship, and are then taken into
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I t  is not known whether a male fertilises the eggs of more than one female 
during a period of sexual activity, but this is not unlikely. Although aquarium 
studies are needed before this can be proved, the impression gained in the field 
is that there is no prolonged association between a pair of fishes but that 
courtship takes place if a “ ripe ” female ventures into the territory of a male 
and is presumably carried to completion if the female is ready for oviposition. 
As there is no evidence to indicate association of “ ripe ” males with brooding 
females it seems quite probable that the male remains in its territory as mm 
as its physiological condition is such as to sustain such behaviour, and it seems 
likely that further females will be received as readily as the first.

Courtship behaviour
Full details of the courtship behaviour of any one species are unknown, 

but it is possible to mention a few observations made in nature. The most 
frequently seen part of the courtship, and one which takes place in several, 
perhaps all, species is “ tail chasing ” . During this process a male and female 
swim round and round very rapidly in a tight circle so that the snout of each 
follows its partner’s tail. As many as thirty circles may be described by the 
participating fishes, after which there is frequently a brief pause followed by 
moie tail chasing. I t  seems probable that the bright orange or yellow spots 
developed on the anal fin of the male, and occasionally of the female, are made 
use of during this behaviour. Tail chasing appears to be the first part of the 
courtship behaviour, for fishes have been seen to commence it immediately 
after encountering one another.

Other aspects of courtship behaviour have also been seen. Once a male of 
Pseudotropheus tropheops was seen displaying in front of a female. I t swam 
backwards and forwards along a very short “ beat ” , violently wagging its 
tail as it did so, and even repeated this behaviour several times after the 
apparently disinterested female had moved away.

On another occasion a male of P. tropheops, whilst occupying a territory, 
was approached by a female of its own species. No tail chasing took place 
on this occasion but the two fishes lay side by side, head to tail, and moved 
slowly round several times, the body of the male quivering violently throughout 
the entire process. No sign of eggs or milt was observed during this process. 
The female eventually moved away but even after its departure the male was 
observed to have one more bout of violent quivering.

On one occasion a male and female of Pseudotropheus fuscus were observed 
tail chasing, between bouts of which they indulged in a form of fighting, each 
fish seizing the jaw of its partner. No biting elsewhere took place. Tki> 
was later found to be part of the mating behaviour of certain cichlids and 
excellent photographs showing identical behaviour in a pair of the Sontli 
American Aequidens portalegrensis (Hensel) are given by Innés (1951)* 
From time to time this particular pair of P. fuscus withdrew under a rock, 
but although search was made no eggs were seen.

* On th e  o th er hand  Baerends & Baerends van  Roon (1950) describe sim ilar behaviour, whn- 
th ey  call “ m outh  fighting,” as tak ing  place betw een rival males of bo th  Hemichromis bimacuW''*
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pwo exceptional occurrences are worthy of mention. On one occasion 
4fee individuals of P. tropheops (sex uncertain) were seen tail chasing. On 
mother occasion a male of P. auratus guarding its territory was approached 
lJ a dark-coloured fish, almost certainly a female of P. fuscus, and certainly 
, of its own species, with which it immediately commenced frenzied tail 
chasing* After a brief pause a second bout took place, and the stranger then 
Gloved away. I t  would appear that this behaviour was elicited by some signal 
,>minon to both and that the cessation of tail chasing represented the point 

v. here the courtship behaviour of the two participants diverged and was no 
meter mutually stimulating. The phenomenon of attempted courtship 
* tween closely related species has been reported for other groups, e.g. butter- 
lies (Tinbergen 1953), in which group its occurrence is common knowledge to 
aturalists, birds (Lack, 1947), and snails (Diver, 1940). Tinbergen (1953) 

mites that a male stickleback may react even to a small tench entering its 
rrritory, by commencing its mating behaviour—in this case zig zag dancing, 
? it is not surprising that such behaviour should be occasionally elicited by 

dosely related species of Mbuna. The observation just cited, incidentally,
* apports the belief that tail chasing is the prelude of courtship.

Brooding the young
No Mbuna has been seen to deposit eggs and no free eggs have been seen. 

Edging from the avidity with which eggs are eaten in aquaria by many rocky 
d ore fishes (including herbivores) it seems probable that they are picked up 
: y ‘the female immediately after fertilisation or they would otherwise be 
f  nckly eaten by other fishes. As the courtship behaviour appears to be based 

visual stimuli it is supposed that this takes place by day.
The brooding of young in the mouth of the female is probably common 

b} the group as a whole, and has definitely been established for Pseudotropheus 
: : j'heops, P. fuscus, P. zebra, P. lucerna, P. williamsi, P. elongatus, Petro- 
' tridentiger, Cyathochromis obliquidens, Labidochromis vellicans, Labeo- 
’'■¡Jieus fuelleborni, L. trewavasae and Genyochromis mento.

1 he number of young which can be brooded in the mouth is small. As 
and young, tend to be spat from the mouth when brooding females are 

yiptured, the only reliable numerical data on brood size are those obtained 
y m a few fishes collected by stunning. Details of thèse samples are given in 
'Tpendix II. Only fishes whose mouths were obviously crammed to capacity 

‘ considered. These data indicate that in Pseudotropheus tropheops and the 
yo species of Labeotropheus the number of young reared per brood must 

‘°m exceed thirty and is usually considerably less than this. In  fact the 
-fiber of eggs produced "by a ripe o vary is sometimes less than thirty, and 

ewj as seventeen have been seen in a ripe ovary of Pseudotropheus zebra. 
~ specimen of Labidochromis vellicans with its mouth apparently crammed 
fipacity carried only ten young. Genyochromis mento and Pseudotropheus 

apparently produce somewhat larger broods than do these species but 
^fiaxinium number of young seen in any mouth was forty-six (in P. f  uscus) 
*  *s doubtful whether all these could have been retained until the young
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The size of brood is small in. comparison with that of many other moutl 
brooding cichlids. For example the numbers found to be carried by varioin 
species of Tilapia by Lowe (1955) ranged from 65 to 711, and the number 
carried by species of Haplochromis and Lethrinops in Lake Nyasa seems, wit] 
few exceptions, to be greater than that carried by the Mbuna. (General obser
vations and information from rt\ D. lies). In relation to the size of the parem 
the eggs are particularly large, being larger than those of some of the mouth, 
brooding species of Tilapia which do not begin to breed until they attain a 
considerably larger size than is ever attained by some of the Mbuna. TL 
largest eggs measured were those of Labeotropheus spp., their axes being abom 
6-Ox4*0 mm. Eggs of Pseudotropheus tropheops usually measure about 
4-5 X 2*5 mm.

Fig. 98. Developmental stages of Labeoitropli eus during the period of oral incubation. (Sou  
Both species of Labeotropheus are iinvolved in the sequence portrayed here, but in the v*5" 
early stages of development they appear to be indistinguishable).

There is an efficient correspondence between the number of ripe ovan ' 
eggs and mouth-capacity. This 3s achieved in part by the functional develop 
ment of only a single ovary j$r;liicFh produces a small number of large yolky egn

Eggs of the Mbuna are a rich golden yellow in colour and are approximate1 
spherical when taken from a ripe (ovary, but become broadly ovate and devri 
a terminal papilla after laying.

Stages in the ontogeny of Laibeotropheus passed through during the pen K 
of oral incubation are shown in Fig. 98. Study of various developmental suio" 
of other species indicates that this sequence is typical of the Mbuna as a win 
Unfortunately it is not possible bo put a time scale to the early stages of 
lopment but, by analogy with other cichlids, it seems probable that the per- 
of incubation does not exceed alhout four weeks.

The largest Mbuna taken fSrom the mouth of a female (Labeotrop^ 
t) eicavasae) had a length of abouit 16 mm. Young Mbuna (species uncord 
19 mm. in length have been coll looted in the most inshore waters of 
shores, and others, believed to hx? Pseudotropheus tropheopsr 20 mm. in
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> feed during the period of oral incubation and may begin to take food before 
traces of the yolk sac have disappeared. The female parent does not feed 

hiring the period in which eggs or young are being carried in the mouth.
In  a l l  species for which adequate data are available breeding takes place 

throughout the year. As females with young in the mouth have been seen 
with a ripening ovary the indications are that a female produces several broods 
per year.

The smallest female of Pseudotropheus zebra, which attains a length of 
11 cm J  which has been found with a ripe ovary had a length of 7-6 cm. Com- 
i arable figures for P. tropheops are 13 cm. and 7-2 cm.

The possibility of homogamy
Kosswig (1947) suggested that homogamy might have been important in 

promoting rapid spéciation in the cichlid fishes of African lakes, and Steinmann 
!***>3), thinking particularly of the coregonid fishes of Europe, suggests that 

umiificient attention has been paid to this possibility. I t  is therefore worth 
n hile mentioning some very scanty observations which are relevant to this 
nuit ter. While on one occasion a swarm of thirty to forty BB pattern indi
viduals of Pseudotropheus zebra were seen together, and on another occasion 
% -mall group of the B form were seen in association it may be more significant 
‘Fit a B male and a BB female were seen “ tail chasing ” .

These colour forms of P. zebra provide particularly good material for the 
i Ay  of selective mating as envisaged by Kosswig and further observations 

r y  throw valuable light on this problem. To date the evidence, while 
uit v and indecisive, does not indicate the existence of homogamy in poly- 
rphic species.

Competition for breeding grounds,
As each species seems to require a definite territory for mating purposes 

3 as the fish population of rocky shores is very dense it is theoretically 
that there could be competition for breeding grounds. However, this 

! ■!ingency does not seem to arise on account of the fact that breeding takes 
throughout the year, and that, at any given time, only a fraction of the 

’ uiale population is occupying territories. One can always find territorial 
is s but their numbers are few in relation to the total population and their 
"nfories are usually well separated. In  this they differ markedly from the 
* building Haplochromis heterodon Trewavas of the same lake in which, in 

areas, many males simultaneously occupy contiguous territories 
r. 1956 c).

a d a p t i v e  r a d i a t i o n

* bile the adaptive radiation of the Mbuna is restricted in so far as the 
F U confined to rocky shores, within this major habitat almost all available 

' have been exploited. The one striking omission is that of a piscivorous
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1947 and 1950) differ adaptively among themselves in the structure of the 
beak which has become modified and specialised to facilitate the collection of 
certain foods, so do the members of the Mbuna differ in mouth structure and 
in dentition, each being highly specialised in structure and having a feeding 
mechanism suited to the collection of a certain type of food.

There can be little doubt that the ancestral Mbuna were rock scrapers 
and at the present time numerous species are specialised exponents of this 
art. Most species are herbivores which scrape the algal Aufwuchs from frock 
surfaces, but it is interesting to see that at least four different types of feeding 
mechanism, with which are associated an even greater number of types of 
buccal dentition, have been evolved to this end. These feeding mechanisms 
can be listed as follows :

(1) The Labeotropheus type—Found only in the two species of Ldbeotropheus.
(2) The Pseudotropheus zebra type—Found in P. zebra, P. williainsi*, probably in P. livingstonn

P. elegans, and P. lucerna, and also in Petrotilapii 
tridehtiger and Cyathochromis obliquidens.

(3) The Pseudotropheus fuscus type—Found in P. fuscus, P. fuscoides P. auratus, P. minutmt
and probably P. elongatus.

(4) The Pseudotropheus tropheops type—Found in P. tropheops and probably in Y
novemfasciatus.

Each of these feeding mechanisms has been described in Part I. The 
feeding mechanism of Gephyrochromis lawsi, which is also a rock scraper, 
is unknown but from the structure of the mouth it can be inferred that 
it is probably similar to the Pseudotropheus tropheops type. Although tin 
dentition of Petrotilapia tridentiger and Cyathochromis obliquidens is strikingly 
different from that of the species of Pseudotropheus with which they an 
grouped, and although these two also differ strikingly from one another, yet 
all share a common feeding mechanism. In  most cases this feeding mechanic- 
is associated with an exclusively algal diet, but in the case of P. williaim 
the teeth are rather sharper than those of its relatives and insects are also eaten 

A similar but more marked divergence is seen in group (3) where P.fuscoid 
whose mouth structure and dentition are basically similar to those of the 
herbivores listed, is essentially an insect eater. I t  seems probable also tha* 
some of the species of Melanochromis, with which P. fuscoides is closed) 
related, will have similar feeding mechanisms.

One member of this genus, M. labrosus, known only from a single specimen 
has its lips produced into pointed lobes and, by analogy with another Nyn>*r 
cichlid, Haplochromis euchilus Trewavas which has similar lips and w!h5< 
feeding habits have been observed, it can be inferred to use these lobes *v 
detect the movement of insects living among the algal Aufwuchs of the rock* 
which are then snapped up. Its dentition is suitable for dealing with such fou * 

While employing a feeding mechanism of the P. zebra type, Cyathochron,} 
obliquidens has become established under conditions where rocks occur aiuOW 
sand, and is able to utilise its feeding mechanism for scraping algae froiu 
strap-like leaves of Vallisneria, though it is still also a rock scraper. P. luces ̂
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• • , has a “ P  zebra type 1  of mouth and dentition and presumably a similar
similar eonditions to |  obliquidens

'^Cwiotilapia afra is undoubtedly an offshoot from the B M M g  
[more particularly from the zebra group of the genus. In  facJ at ^  

S  it isPeasy to confuse a blue and black barred P. ze&raand whic
' We each other in form and coloration. The mouth structure too is 
' n shnilar in the two species but C. afra differs strikingly m dentition (cf. 
V ;  16-18 and 28-31 in Part I). This species has ventured, or has be 

away from the rocks and now leads a semi-pelagic existence m 
t  r f e k  where it feeds largely on zooplankton. In spite of this partial 

' mcipation from the rocks C . a f r a  is nevertheless found only in open^water 
: t 0ff rocky shores, and occasional individuals are seen or captured amo g 

Z  rocks from which they still occasionally pick up a > food 
. Gcnyochrcmis men to,while showing resemblances m dent tron 
: PseLtropheus, has utdised its ability to scrape m  quite a 
, 1 has the remarkable habit of removing scales from other fishes ( y ,

'ihe^two species of Labidochromis obviously diverged early from the pnmi-
J  !tock and took to feeding on insects and 

, rocks, and their dentition is now very specialised for this purpose a 
. ffers markedly from that found in any other genus of the grouP- 

Adaptive radiation within the group can be seen m part from Table
i 1 from Fig. 99.
- V rilVLOGENETIC RELATIONSHIPS OF THE MBUNA AND T H E IR  EVOLUTIONARY

HISTORY

The suggested relationships of the various species are most readily under- 
* 1 by reference to Fig. 99.
Anv attempt to outline the evolutionary history of the Mbuna or the mea 

: • r, bv divergence took place must of necessity be largely tbooretical, bu 
as much information on the ecology and general habits of the group s 

’ ;hle as for any comparable group of species in the African a es, o 
•such attention has been directed by students of evolution, it is worthwhile

i to interpret the available facts. . n .i
The Mbuna are probably among the most long-standing of the ciclihds o 
%asa. This is shown clearly by the fact that all the genera, which comprise 
Y’ than one-third of the cichlid genera present, are endemic, an y 
■ ’hat these genera, which appear to be monophyletic in origin, and whic 

closely related, have nevertheless evolved some highly complex ye 
Rv differing specialisations. I t  seems highly probable, therefore that the 

commenced their adaptive radiation early in the history o e a ®* 
y* not known from what form the Mbuna stemmed , but it seems i„§ ji  

•»-¿Ljhey arose ir^. ■  " 11
species.
iiuviatile species as II.
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Fig. 09.—Suggested phylogenetic relationships o f tho Mbuna. Noto : Proximity to the I f f '4  
tho" treo ” does not necessarily denote primitivoness but indicatos rather that diver.* •' 
of that lino probably took placo early in tho history of tho group. Further, tho fay* : 
other genera aro shown arising from between tho branches docs not
sarily^mcan that thoy aro moro closoly related to certain spccios o f ~
aro tho various Pacudotrophcuaspecies to ono anothor. On tho other hand, the 

seudotropheus is at present rather ill-defined and merges almost imperceptibly *** 
Mclanochromis and Gcjihijrochromis as is reflected by tho figuro.
Tho variously marked areas on tho upper surfneo of tho cubo indicato different 
habits. Stippling: Plankton feeders. Obliquo linos: Scalo eaters. Horizontal 
Invertebrato pickers. Vortical lines : Invcrtobrato oators. Solid black : Mixed *  

\Vhito : Algal b rowFors. ,____ ___ . _................  ... i _  ___  ___
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Fig. 90.—Suggested phylogenetic relationships o f tho Mbuna. Note : Proximity to the i p f  ‘f 
tho “ treo " docs not necessarily denote primitivoness but indicates rather that div< r . - "  
of that lino probably took placo early in tho history of tho group. Further, tho fa- ! :
other genera are shown arising from botwcon tho branches docs not ■■'•
sarily mean that tlioy are more closely related to cortain spocios of 
are tho various Pseudolrophcua species to ono another. On tho other hand, the f v 

Paeudotropheua is at presont rathor ill-defined and merges almost imperceptibly ’  " 
Melanocliromia and Gcphtjrochromia as is reflected by tho figure.

Tho variously marked areas on tho upper surfneo o f tho cubo indicate different 
habits. Stippling: Plankton feeders. Obliquo linos: Scalo eaters. Horizontal 
Invcrtcbrato pickers. Vertical lines s Invcrtobroto eaters. Solid black s Mixed ie-'- \  
White i Algal browsers . .....  v........ . , ,
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Fig. 99.—Suggested phylogenetic' relationships of the Mbuna. Note : Proximity to the ba* 
the‘‘ tree ” does not necessarily denote primitiveness but indicates rather that divert 
of that Ime probably took place early in the history of the group. Further, the fact $ 
other genera are shown arising from between the Pseudotropheus branches does not w* 
sanly mean that they are more closely related to certain species of Pseudotropheus i* 
are the various Pseudotropheus species to one another. On the other hand, the r* 
Pseudotropheus is at present rather ill-defined and merges almost imperceptibly  ̂
Melanochromis and Gepkyrochromis as is reflected by the figure.
The variously marked areas on the upper surface of the cube indicate different 
habits. Stippling: Plankton feeders. Oblique lines: Scale eaters. Horizontal & 
Invertebrate pickers. Vertical lines : Invertebrate eaters. Solid black: Mixed 
White ; Algal browsers.
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i clue as to what the intermediate stages in the evolution of the Mbuna 
v have been like is given by the structure of some of the species of

• romis living in Lake Victoria. Here, where it is presumed with good reason
evolution has not gone on in isolation for as long as is the case in Lake 

vasa one group of species of Haplochromis shows a distinct tendency towards 
'c evolution of a Pseudotropheus-like type, and has given rise to FI. nigricans 
Umlenger) which is scarcely separable from Pseudotropheus. The gap between 
¡is species and the generalised Haplochromis type is, however, bridged by 

l  michisquamulgtus(Hilgendorf) (Greenwood, 1956 b). Again, there is in 
,ke Victoria a Haplochromis with many features, and particularly those of 

t ntition, similar to those of Cyathochromis obliquidens. This is II. obliquidens 
iiigendorf. According to Greenwood (1956 b) this species probably arose 
■<m a. form like H. lividus Greenwood, which exhibits certain incipient obli- 

¡Jcnscharacteristics, and which itself probably stems from a form like 
i. nuchisquamulatuswhose affinities with the generalised Haplochromis type 
a* not difficult to perceive. In Lake Nyasa, where isolation has prevailed 
r a longer period than in Lake Victoria, it is only natural that such inter

mediate forms should have become extinct in the face of competition from the / 
ire specialised species, but it seems fairlv safe to assume that the structure: 
ome of the species of HanZocAromisliving in Lake Victoria today gives a l 

. ,- .nable indication of the kind of fishes from which the present-day Mbuna

Certain fragments of information on this matter can also be gleaned from
• ontogeny of the extant species. For instance the early developmental
• nres of some of the Mbuna (e.g. Pseudotropheus tropheops) have a rounded 
oulal fin such rs is to be seen in the generalised species of Haplochromis.

The occurrence of the OB colour pattern in two genera of the Mbuna and in
* nes of Haplochromis in Lakes Victoria and Kivu and in genera clearly 
nved from Haplochromis in Lake Victoria is not at variance with the 
nested ancestry of the Mbuna.
An important feature in the evolution of the group was probably the early 
unption of an algal diet. Fishes as a whole tend to be carnivorous and 
adoption of the habit of feeding on the sward of algae growing on rock 

Tares probably allowed the Mbuna to get off to a flying start as it were 
' they first colonised the lake. The main trend in the history of the group 
 ̂been towards perfection of this habit.
T he first fundamental split was probably that where certain forms took to 
^  insects and other small invertebrates living among the algae. This 
A hivertebrate-eating offshoot is probably represented today by the two 

of Labidochromis which are more specialised for the collection of this 
IP food than any other member of the Mbuna. I t  is significant, however,

* this line, while apparently successful in certain niches, has given rise to 
" two species which survive today, one of which is rare, 

ndy of the morphology and habits of the other genera indicates that the 
tllr4 of algae from rocks offered better opportunities for radiation, and it is 

' T" this type of trophic specialisation that they tended to evolve, though 
L«canae secondarilv modified to facilitate the collection of invertebrates,

• , .c f r r  *I HR Vi 
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and others such as some of the more generalised species of Mein* * 
perhaps never became very specialised in this w ayP This g e n e r ^ T ^ *  
evolution was accomplished in different ways and one S O oi 
became a highly specialised rock scraper of l  type which a p p L ^ d  o f '  
further opportunities for radiation, though two sibling species of th, 6" n°

j j ™ ™ ’ W  J ; a number of rock g f c

tending towards the exploitation of t h i s ^ e  of feedine hab^ffhy i SPeCieS "'eri' 
began to make itself felt and some sneci^ i ? tha't .comPetition

. t“ S t o r dThegan' "  COnti"“ d’40 “  ‘l>.Uro*ydwSJng
t0 m present day $ & £

| | P  them, by a g e n i n g  of the
shght enlargement of the pharvneeal „ 11 m eaca Jaw and a
and the specie, of J f e t a o T S * '  ’ r<>B6 ^  f° rlM “  *3 » -

t h e ^ r Z ^ t n d f S  a!f“' “ “ V *  ^  I  seems the,
partly insectivorous. An excellent example'of a“ d b®come at W«t

possessing0 a 'niouth

rH H k W isafcs:
Bp> to facilitate the d e t e S » T L  pmy ^  ,o to  »"h

com ptffion ty  S j f c j g <’5“ P'ffiiM M B W —J p l i l  IMS
“ o t Is i ;oh“m  l i f e  I P  1  

w w p t i B s t o i i M y  r°cty- a°d ” h™
to eve"  more M l  »Si in habits and came

.  “ Py 6ly d,£retent mohes' °™ . repreaented today by

(nr. Karonga). ' This is a sandv ,ho „ . “  0 16  lake shore near the mouth of tho River Rukuni
green mass of diatoms, m ostly Naviada r i t h T t e ^ ^  St° machs oxumincd contained a 
horizontally directed lower series of teeth in'th' * ^  111 Sand§rams- Jt scorns that (be

r  r " 3 S5 t
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itiintOy utilised its ability to scrape by turning to the other fishes in the environ
ment and scraping scales from their bodies. To this end it gradually acquired 
a strong, prominent, lover jaw and rigid dentition whose ancestry is, however, 
¿t ill very clearly seen. fJ he other, which has become the present day Cynotilcipia 
¿fra, pushed out into the open water and has taken to feeding on plankton. 
This species, which is phylogenetically close to Pseudotropheus zebra, may be 
regarded as almost pre-adapted towards plankton feeding for its mouth, whose 
opening and closing mechanism is the same as that of P. zebra, is very mobile 
and capable of being quickly opened to a large gape. Its sharp outer conical 
îoeth may serve to prevent the escape of plankton but more likely indicate 
that before leaving the rocks it had begun to include insects in its diet, and 
¡n fact chironomid larvae taken from the rocks are still occasionally found 
in the gut of this specter today.

Throughout the process of radiation specialisation towards rock scraping 
by algal eaters continued and today a remarkable array of feeding mechanisms 
and types of dentition directed towards this end are to be seen, particularly 
in the genus Pseudotropheus.

It is significant that, basing biological success on numerical abundance of 
species, the algal eaters are the most successful. This was made abundantly 
clear during the work at Nkata Bay and elsewhere where algal eaters predo
minate and where the only really common invertebrate-eater is Labidochromis 
vdlicans. By adopting certain habits or habitat preferences some species 
have ruled out the possibility of occurring in abundance ; e.g. the habitats 
frequented by Cyathoch romis obliqmdens are of small extent in Lake Nyasa, 
and the diet of fish scales exploited by Genyochromis mento, which is only a 
modified form of parasitism, can only be indulged in within certain limits. 
It is conceivable, however, that the obviously recent evolution of plankton 
eating by Cynotilapia vfra may lead to the development of one or more 
numerically abundant species.

MECHANISMS OF EVOLUTIONARY DIVERGENCE
Throughout the above historical reconstruction, details of how evolutionary 

divergence took place Bave been ignored and the controversial question of 
whether such divergence was allopatric or sympatric has been avoided. These 
topics must now be discussed. Such a discussion seems all the more necessary 
as Poll (1956 b), who describes the complex species associations of littoral fishes 
found in Lake Tanganyika, which are remarkably similar to those of Lake 
^yasa and which may consist of twenty to thirty species in the same habitat, 
ĉeks to explain their existence in a manner rather different from that outlined 

ucre. He points out th&t some of these species exhibit dental specialisations 
Ahich permit them to take different foods but, impressed by the similarity of 
^ any co-existing species, gays “ Néanmoins, si Ton distingue un certain nombre 

adaptations particuliejs, le nombre d’espèces actuellement mélangées dans 
*a niême habitat est si grand que Fétudç écologique est incapable d’expliquer 

telle association.55 Of the fishes inhabiting deeper water he says “ II 
^mble bien que le lac a-ctriel n’est pas responsable ni capable de nous expliquer 
wue telle diversité.55
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n fÆ M tÍ T n i l l (1 ,he refers t0 conditions during the histor,
the ï  kC “ Í  he T  i autl?enticated evijacnce of geographical isolation 
the basm and eonclndes that the f a c to r  responsible for the f o r m a t ^
numerous endemic species are » les variations locales des conditions d W  
tences parmi lesquelles la salinité, les vacations de niveau de l’eau, donc d e t  
profondeur d habitat, et les variations die la nature du fond sont W ï * 
importantes.’> He then goes on to s a y ‘“ An courH es tem^s, lesK g ?  
physico-chemiques des habitats, ont permiir l’accumulation des espèces hW  
devons admettre, en effect, leur apparition successive dans des c o n d i i t  
locales successivement différentes. Hans la suite, la confluence des f f S  
oil 1 uniformisation de leurs conditions d! Existence a permis le mélange de- 
especes et leur co-existence au sein d’associiutions polyspécifiques extraordfnair î 
telles qu on les observe de nos jours.” X«, explanation of how these “ associv 
tiens polyspécifiques extraordinaires” mamage to survive in aonarentlv Lt u  .

°f — *  —  *  «. •

i d e a ? d i £ ! ° ' aCC0Unt’ WWle în gene£Tal a§ ~ n t  with some of Poll’,
h n t  J  f  ?  2811 W'YS : particularl-v iiu that it seeks to describe in detail
how ecological studies, when related to the results of genetical research, enable
l íe s  a f  n t°f r Ch aSS0Cv t -°nS t0 be exPh‘lhued without recourse to vague post,.- 
“ alS° W ’ being evolved, such coinmu-

faet!efr , * dÍS!UT Slí he8e t0piCS’ howeve*> ^  I  necessary to review a feu- facts relating to the history and topography of Lake Nyasa.

The environmental1 
Nyasa is an ancient lake. Its exact < 

the most recent paper by Dixey (1941) on 
been first formed about the Middle Pleisto 
determinations the duration of the Pleisto 
about 1,000,000 years (Zeuner, 1946). On 
would be only about 500,000 years. Howev 
states that “ features broadly correspondu 
from the deep basin in which Lake Nyasi 
the late Jurassic or early Cretaceous ” . 
uplift occurred which was “ accompanied < 
which Dixey attributes the subsidence which 
by Lake Nyasa. On this evidence, thereto, 
ably have come into being in Miocene or: 
then on the basis of radioactive déterminât 
age of Lake Nya&a could be as much as 12 « 

Whether or not the lake is as old a i  t 
certainty, but there does seem to be good evi
by its present day fauna) to show that it 
estimate. This evidence is the occurrence 
the remains of Mastodon and Hippopota

background
3&ge is unknown, but according to 

the subject it is believed to hart 
cene. On the basis of radioactive* 

"eene period has been estimated a*
: this evidence the age of the lake 

hi an earlier paper Dixey (193W 
Xig to the Nyasa Shire Rift (apart 
1 lies) . Jfl . existed as far back U 
Later, during Miocene times, 

ot followed ” by further rifting fc* 
¿gave rise to the basin now occupies 

the present lake could concviv 
Pliocene times. I f  this were ^  

Lons (Zeuner, 1 9 4 6 ) the maximum 
ppr 13 million years. 
bins it is not possible to say wi*
' donee (in addition to that provi^’ - 
i is older than Dixey’s most 
rof fossils, including molluscs an 
>mus, in lacustrine deposits
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'liiwondo beds) in northern Nyasaland. On the basis of their fossil content these 
' ds Were. originally assigned to the Pliocene (Hopwood, in Dixey, 1927), and 
Pixev (1932) speaks of them as being of “ late Tertiary or early post-Tertiary 

In his latest paper, however, Dixey (1941) quotes later work by 
iïopwood which suggests that they are not much older than Mid-Pleistocene. 
In a personal communication Dr Hopwood has kindly stated his present 
Million on the age of these beds, the dating of which is entirely dependent 
n the inference to be drawn from their fossil content. Since the earlier 

climates were made it has been possible to make comparison with more 
recently discovered deposits elsewhere, and the indications are “ that one is 
Probably not far wrong in placing the Chiwondo beds in the lower Pleistocene 
1. Villafranchian of E u r o p e ) I t  is to be noted that the Chiwondo beds 
¿vst, and not simply but with strong unconformity, upon other lacustrine 
strata which themselves must therefore have been laid down by Lake Nyasa. 
If one takes Zeuner’s estimate of the, duration of the Pleistocene as being 
correct, therefore, one must conclude that Lake Nyasa came into existence at 
! ast one million years ago and possibly a good deal earlier than this.

It is difficult for a zoologist to assess the significance of geological evidènee 
rtrch as is presented by Dixey and perhaps unwise for him to question its 
validity, but certainly an age of one million years or more, which must be 
a't ributed to Lake Nyasa on the basis of the fossils of the Chiwondo beds, is 
far more in accord with the zoological evidence presented by the present day 
Luna than is the figure of 500,000 years. The latter figure is even less, than 
•lid attributed to Lake Victoria where differentiation of cichlid fishes has 
rone on to a much smaller extent than it has in Lake Nyasa.

Bearing in mind that, as is shown below, conditions appear to have been 
3 iiticularly favourable to spéciation in Lake Nyasa, and also that in horses it 
=• -,-rns possible that a change of generic magnitude could be effected in about
• e million generations (see Huxley, 1942, p. 61), a zoologist, without taking 
cnisance of any geological evidence, would probably favour an age much

-°re closely approximating to the minimum (upwards of one million years) 
-":*n to the maximum (about 12 million years) of the two possibilities indicated 
■ we. When the geological evidence and the degree of differentiation of the 
w ent day cichlid fish faunas of Lakes Victoria and Tanganyika are taken into 
: count, an age of one to two million years seems not an unreasonable estimate 

5 r Lake Nyasa.
Geological evidence indicates that the lake originally occupied only the

-hern part of its present basin and that it stood at a considerably higher
• ‘Wition that it does today (Dixey, 1926, 1941). Its present form and level 

v* w only arrived at after a complex series of downthrusts and faults. There
 ̂ therefore have been many ecological changes during the history of the 

Changes still take place today in the form of annual fluctuations in 
kwel, and rather longer term fluctuations of a similar kind, some of which,

, a ten or eleven years cycle, are believed to be connected with sun spot 
Cavity.

-Liking allowance for its considerable irregularities, the total length of
wiiore-line of Lake Nyasa and its included islands probably exceeds 1000
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miles (1600 kilometres). In the not very distant geological past it was eve- 
longer than this. This shore-line, while consisting of remarkably few mair," 
habitats (see p. 155) is nevertheless by no means uniform. I t  consists large!? 
of alternating rocky shores and sandy beaches. Even in areas where root' 
shores predominate these are frequently interrupted by sandy beaches, som -' 
times in the form of small coves, sometimes more extensive. This fragment - 
tion of the major habitats along the shore-line is believed to have been l ! 
outstanding importance in the process of evolution of the Mbuna and of oth * 
fishes in the lake.

The configuration of the shore-fine is not permanent even from year v. 
year and must have changed considerably in places during quite recent time* 
(geologically speaking). For example, what are now predominantly sandv 
shores many miles in extent along the alluvial Kota Kota plain were, in a no? 
very remote epoch, under 150 feet of water, and the shore-line in that remo:' 
may then have been much more rocky. I t  is also generally agreed th ,- 
considerable fluctuations in the levels of African lakes took place durim tk# 
pluvial and interpluvial periods which roughly correspond with the glacu! 
and interglacial periods of the Pleistocene glaciation in the northern hem» 
phere. I t  seems highly likely that the present day islands of the lake such <v 
Likoma,'Chisamulu, Benji and Boadzulu were connected with the mainland 
during these interpluvial periods, and that it was then that they received the;? 
fauna of rock fishes which later became isolated by a rise in lake level. Alter 
natively they could have become populated as the lake gradually extern!.. : 
southwards in comparatively recent times.

I t  is against such a background that the evolution of the Mbuna must 1* 
considered.

The process
The Mbuna are confined to rocky shores or, in the case of two species,-t o 

regions where rocks occur on samT They are completely absent, trouTsim? 
or reed-fringed sliores. Even a small sandy gap in a rocky shorp 1« «■ veri- 
effective barrier and it is safe to say that, in normal circumstances, a stretch <flf~ 
sandy beacn twenty yards wide is quite sufficient to inhibit the movement^- 

<Mbuna across it. This is no wild supposition but a statement based on map? 
observations m the field. * ' ’ * r _L'

'Similar effective barriers of small extent have been described by on \  
writers. Thus Dowdeswell & Ford (1953) found that on small islands narre* 
windswept necks of land as little as 150 yards in length effectively preve:.? : 
mixing of populations of the butterfly Manióla jurtina L. separated by then: 
and butterflies are, on casual observation, much more prone to apparc: - .* 
haphazard and erratic movements than are the fishes of the Mbuna gw-• 
which seem to be always either busily engaged among the rocks or to ** 
cruising slowly and unhurriedly from rock to rock.

The Mbuna of the lake do not, therefore, form by any means continu 
populations. Each species is broken up into innumerable population.- 
various sizes which are isolated to a greater or lesser extent. Over k 
periods of time changes in the lake level and the silting effects of inflo«
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divers will result in the removal of barriers and the formation of new ones, 
with attendant mixing of previously isolated populations and the fragmenta
tion of previously continuous populations.

All the evidence from field studies and from mathematical reasoning points 
to these conditions as being ideal for speciation of the allopatric kind. Thus 
Wririit (1943) has shown that linear continuity of distribution is much more 
•¿vourable to differentiation than is areal, and (Wright, 1949) that the most 
favourable conditions for progressive evolution are to be found where a species 
A broken up into large numbers of small local populations.

Of variation in nature in different parts of the range of an animal there is 
abundant proof. Work by Tonolfi and others in Italian lakes (summarised by 
i?a!di, 1950) has shown that even within a continuous population of planktonic 
»nranisms within a single lake, morphological differences, some of which 
probably have a genetic basis, can be detected in crustaceans collected from 
•illerent stations. That the Mbuna vary from place to place can also be 
demonstrated. For instance the frequency of the genes responsible for the 
!< velopment of the different colour forms of obviously
varies in different parts of the lake (see p. 247). Another striking case concerns 
:!.(• populations of CynotUapia afraat Nkata Bay and at Likoma Island. 
'T-jnbers of the Nkata Bay population are very readily recognisable in the 
■ M by the presence of a lemon-yellow dorsal fin, the only exceptions noted 
' uiong literally thousands which have been seen being two juvenile specimens 
n  which, after capture, the dorsal fin was dull grey. At Likoma Island this 

, 1 a is blue, and not a single yellow fin was noted in the field although many 
:':i!rcds of individuals were seen. Apart from this the members of the two 

populations are indistinguishable in structure and habits.
Similarly, at Likoma Island a small percentage of the males of Pseudotropheus 
pheopshad a very striking patch of orange-gold colour on the shoulders 

" ! the upper part of the head, but no such patch was ever seen among the 
usands of P. tropheopsseen at Nkata Bay though a similar but smaller 
1 less conspicuous trace of yellow occurred in some males of this species 

■"■n and captured at Ruarwe forty miles to the north and was also seen in one 
-ale at Kajizinge only about seventeen miles to the north. Examples of this 

Tnfl could be multiplied,* but the cases mentioned show that genetic variation 
? m place to place is not uncommon in the group.

la the early stages of colonisation of the lake the algal eating ancestors 
,af~ 'Le Mbuna would begin to colonise the rocky shores. As the niches to be 
6wiJ there woulcTTieliflOCCfipIefl this would presumably be a relatively easy 
Pface«r~AsTTfrie went on these fishes would tmtduallv feSBOTHS more and more 

to life among rocks and partly because of this and partly because 
effects of competition with those species ot pshps format,nr a of the 

¿r<psgnt<iay Haylochromis etc.) which were colonising the sandv shores, 
become more and more restricted to this kind of habitat. Umajamulfl 

Co »ig info being a state of affairs similar t o that seen today in which the fauna 
■ * | ̂

example mentioned elsewhere which involves a structural feature is that of slight
■ in the tips of the teeth of specimens of Gephyrochromis lawsi in populations at 

and Florence Bay (Fryer 1957a).
ISSSlfSI V:
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wjt? split wain to innumerable isolated populations. These isolated populating 
woidd_mLV-itL-Size. some being large, others smallTaccordW  t "  
occupied loTijp; rnp.Try stretches °r j^ k te d  ontemps. “- » i
/ “ fJowS has been shown ^ m ^ U ; i s o l a t e d  populations, population,
m which the possibilities of panmixy arelimited to a few individuals, there is 
tendency towards a rapid change in genotype. Some of the cases cited in tlu- 
literature are attributed to the effects of natural selection, others to the acei 
dental concentration of certain genotypes (genetic drift). Dobzhansky hfc»  
cites a particularly pertinent case studied by Kramer and Mertens in which 
it was shown that certain islands in the Adriatic Sea whose lizard fauna ha#] 
been derived from the mainland stock, had recognisably distinct population* 
and that the populations on small islands had diverged more than had those 
of large islands of the same geological age. Dobzhansky is of the opinion that 
such phenomena can most plausibly be accounted for by genetic drift.”

The period of time during which genetic changes can take place in small 
populations is sometimes remarkably small. Thus Dowdeswell & Ford (1953$ 
found that on the small island of Tean in the Scilly Islands the period involve-! 
for a significant change in spot distribution ” on the wings of the butterfly 
Manióla jurtina was only five years ! Dowdeswell & Ford believe that the 
population was too large for genetic drift to be the responsible agent and 
attribute the change to natural selection. Similarly, in a population of the 
moth Panaxia dominula L. the frequency of a single gene changed from about 
10 per cent to 3 per cent over a period of only about seven years (Sheppard. 
1953). Here opinion is divided as to whether drift or selection is responsible.

Irrespective of whether drift or selection is the causal agent, the cases cited 
demonstrate quite clearly that changes in genotype can occur very quickly 
in isolated populations.

So far as the Mbuna are concerned it is drift lien brr
responsible for some of the minor differences to be seen in isolated populations.

Boubfécüy playedJ¿¿ more important part in their evolutiom fo  ̂ remark 
able array of specialised adaptations to he seen in these fisb^« nan scarcely L

There is also plenty of evidence to show that populations separated by only 
short distances may be quite distinct (e.g. see Dobzhansky, 1951, Blair, *1950).

tb Qr, factu al so needs to be borne in mind. Fluctuations in númene s 
abundance occur in all populations which have been adequately studied ar3 
ho douj^during their longlustory the Mhana populations have been subjectcd 
lo  sinmar Mucl^^ e effect« population^
guch as exist andTpresumably always have the]\ibuna, Tjáp
im ^ortal^eT O lutio i^^^u^cations as was shown b v th e l ^

[Melitaea] aurinia (Rottemburg) (see also Ford, 1945). Within a periodüLL 
genotype of this colony changed quite noticeably after a 

its numbers were greatly reduced. Sieevolutionary important 
of this k indof process has been emphasised by Tschetverikov (cited by Tin̂ - 
feeff-Resso vsky, 1940) and by Elton in a series of papers from 1924 on^il̂
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this point the tropical location of Lake Nyasa can also be emphasised,
, Jicularly as Manton (1953), as a result of cytological studies on the fern 
V* <lS 0£ Britain and Ceylon has stated that “ the first conclusion whieh geeiflg 
:on t0 that, ftvnliit.inw -must he, proceHin" faster in t.ha.

latitudes ». Although some of the reasons which 
—rr^ S lo rw a rd  to explain tnis greater rapidity of evolution in the tropics are 

• «¿cable particularly to plants, some would apply to all organisms.- Tropical 
anlitions also have effects other than those described by Manton, particularly 

g  aquatic environments. Most temperate zone fish OS frrwfl only .onen-a, year,, 
while the Mbuna produce several broods per year. _ Even if they produced 

vnndp ppir ymr n r rnrtirnl ’y rwn iimuup rill J '  i.... ....... ... ...... O ' .
, E l a t i on twice as fast as through a similar population breeding once.a year.

---- jlorcover, the Mbuna are examples of fishes which exhibit parental care.
, Mi l an d^oiops thelthesis that those animals

. bmnafs. birds and hvmenonterous insects! in which parental care is most 
rrihiv developed are just those groups in which evolution is proceeding 
tnôsTrapidly. His reasoning can well be extended to include the ¿shea ox the
rTmily Cichlidae. # ^ *

The breeding b ehav iou r o f th e  M buna involves a  d is tin c t cou rtsh ip  before 
l ie  gamètes are  shed. I t  is possible th a t ,  du ring  periods of iso lation , pecu- 
! irities o f  courtsh ip  behav iour, p erh ap s even  im posed  b y  th e  env ironm en t, 

/ild be acquired  w hich becam e charac teris tic  for m em bers o f th a t  p o p u la tio n  
v.d could p rev en t in te rb reed ing  should  tw o  p o ten tia lly  in te r-fe rtile  p o p u la tio n s 
ktcomej m ixed. I t  seem s p robab le  th a t  such a  m echanism  could be  m ore
* a AW acquired than a cytological sterility barrier. As Dobzhansky points 
-it (1951), the minimum number of genes that can form a workable isolating

:t » chanism is two. I t  is not claimed that the number is anywhere near thip 
;n the Mbuna—and it seems very unlikely that it is—but the undoubtedly 
rapid evolution undergone by cichlid fishes perhaps indicates that interbreeding 
-* nature is more readily prevented than in certain other groups.

The situation probably was, then, that the early Mbuna were distributed 
the proto-Lake Nyasa under conditions which were as near to the ideal for 

evolutionary divergence of the allopatric kind as might reasonably be expected 
*• nature,* and that they possessed certain characteristics which, potentially
* • k ast, could fac ilita te  ra p id  spéciation .

Reference to the means whereby mixing of previously isolated populations 
Tl take place has already been made, but two further possibilities merit 
’̂ deration as both may have been of great importance. Although the 
buna are stenotopic and show a marked avoidance of non-rocky shores it 

;■ !i*»i to be doubted that there must have been occasional migration across 
triers, some perhaps accidental and, more important, some deliberate, e.g.

a successful form began to overpopulate a given habitat. The impor- 
':- f‘ o f such iC population-breakers ” is emphasised by Tiinofeeff-Ressovsky 
^ i>)- See also Spurway (1953).

Igain, during its history the lake basin has been subjected to many changes 
b particularly during such periods as the lake spread to new areas (which

t4ned rvn of lûQof fmii»
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become opportunities for colonisation on a grand scale as is seldom the Cfle 
in stable habitats. The importance of vacant niches during the early stacrP 
of colonisation of a lake was emphasised by Worthington (1940) and it ¿4 
interesting to note that Manton (1953) believes that many of the newer sneci« 
and polyploid races of European plants resulted from a similar opportuni.v 
for colonisation when the retreating ice of the last glaciation laid bare W  
areas of unoccupied ground. Increases in the size of the lake with its attend™ 
opportunities for colonisation would give new forms an unprecedented chanr* 
of becoming established, perhaps even more so than in the very early stac-« 
o he lake s existence as by this time the fishes already present would hare 
acquired certain specialisations which would enable them to exploit all M e 
more readily the new areas to which they gained access.

So far we have considered only in general terms the evolution of new types 
t  is now necessary to see if we can discern the means whereby fundamentally 

new ways of life such as plankton-feeding and scale-eating could be evolve* 
and also how species with similar habits could take on a sympatric distribution 
firstyet remam distmct- The evolution of plankton feeding will be considerc-i

fundamentally alike, are not identical, some hein • 
gently shelving, others, being precipitous. Imagine then, a popuIaticmV 
- . S _ Pr hkf> which, as a resultofiome fyruTrmTT^nt,’

became .isolated on a precipitous rocWlfiorST^The amount of fcx>! 
produced on thg rocks would be limited a,nd necessity would cause them id 
exploit the other available source of food-—plankton—nr perish Aft«- 

^ >r°-10Ilge-- 1S0lafcl0n thejiab it ofVfaEEoh (ceding con Id «rTwh l
P5 L 2|_the make-up of the organisinjh a t adaptations toward« its perfenM^ 
would ^selected  and could become genetically fixed—so nrneh thu tht 
spacie^ ih r such it would then be, could persist in this habit and remain distinct 

J t it later succeeded injxfionismg rocky shores where phn nhton W hW  
not obligatory. --------  “
,, Scale-eating may well have arisen under conditions of food scarcity wins 

e sea es o its fellows were one of the few sources of nourishment availaTT 
o e species which began to adopt this habit. The evolution of such a in* 

can be more readily visualised as taking place subsequent to the acquisiti«» 
oi genetic uniqueness than as the result of a change in habits of part of a svis 
patnc population. As pointed out elsewhere (Fryer, et al. 1955), there is » 
great difficulty m visualising a change in habits from rasping algae from reel» 
to rasping scales from fishes, and no great morphological changes are involve;

Topographical differences in rocky shores also probably helped to del« 
mine the micro-habitat preferences of certain species such as Pseadotro^ ' * 
fuscus which, at Nkata Bay, is virtually confined to a very narrow strip or- 
a few metres in width along the margin of the shore, although very 
conditions exist over a much wider zone. Such habits could have been evoh ̂  
on a steeply shelving shore where only a very narrow zone at the lake mars 
offered a sufficiency of food. On colonising other shores after a period of i> 
tion, the form evolved under such conditions would tend to seek but such 
niche although wider possibilities existed. This tendennv would be
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. . the ever increasing competition between species, and a species such as P. 
%CUS which had become specially adapted to life in the most inshore strip 

have been unable to compete successfully with other species living m 
Ji ditly deeper water. As a result mutations leading to a better exploitation 

die microhabitat in which it was already successful would be selected. 
Competition may well have been very important in influencing the choice 

, f habitat by Cyathochr.omis obliquidens and Pseudotropheus lucerna. Their 
, rv^ent-day habitat “ preferences ” may have arisen as a result* of a period 
f isolation on a shore on which rocks occurred among sand during which they 

became! adapted to such conditions. I t  seems equally probable, however, 
ihat, as suggested on pp. 228 and 229 their present-day habitats are frequented 
: from choice than from necessity, and that they may have been driven from 
•he t rue rocky shores by other species occurring there and have succeeded in estab- 
:filing themselves in a niche where the effects of competition are less severe.

A similar state of affairs exists in the case of P seudotropheus williamsi. 
This species, while very rare on the shore most carefully studied, is not parti
cularly rare in the area as a whole, and several specimens have been observed 
n rather quiet “ pools ” on other shores. Restriction of this kind could be 

due to having acquired special habits in isolation, or to the effects of competition. 
As genetically distinct populations came together no doubt some species 

re forced into those niches to which they were best adapted, and others 
r bably became extinct. However, among the herbivorous members of 

• c* group there can be found today several species whose general habits are 
! very similar, whose horizontal and vertical ranges in no wise differ, and 

thichj although they collect it by different means, eat identical food. The 
*ilurc to find any differences in ecology between these species does not mean 

’h-it they do not exist, but it can be fairly claimed that sufficient has been 
Nkfiied about them to indicate that if such differences do exist they must be 

 ̂idi ugly small. In  this respect some of the Mbuna do not conform to the
* vailed Gaussian hypothesis that closely allied species cannot co-exist in the 
- e niche. Indeed they present a much more marked example of co-existence

for instance do the endemic species of Tilapia studied m Lake Nyasa by
* -  mm, Borley & Trewavas (1942), Trewavas (1947) and Lowe (1952, 1953)

' r-;‘ distinct differences in habits can be discerned. In this respect too they
r markedly from Darwin’s finches, with which they otherwise show many 
ukable parallels. In  passerine birds closely related species usually occupy 

•rent habitats or, if they co-exist in the habitat, they take different foods 
‘ r are different in size. (Lack, 1944, 1949). (Latter paper summarises 

'u"T*d studies). In Darwin’s finches some species live side by side but differ 
1 °f beak and apparently take different foods, and therefore occupy 

Biches. This is not so in certain cases among the Mbuna.
I fie co-existence of so many closely related species which have similar 

" appears all the more remarkable when the competitive relationships of 
^  with similar ecological requirements elsewhere are considered. Thus 
Parity in ecology between representatives of even different genera is 

sufficient to render them mutually exclusive, as is the case of the 
 ̂ referred to in minmnn snpp,d) as flycatchers in the Tonga Islands. Here,
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according to Mayr (1933), each island has one, and only one, species of flycatcher 
which may be a member of either the genus Clytorhynchus or of the genu« 
Pachycephala. No island has representatives of both genera. This state </ 
affairs is quite different from that prevailing on rocky shores in Lake Nyasa 

| |  Co-existence among the Mbuna seems to be possible for two reasons—
\ existence of a superabundance of food and the effects of predation. On-rocky 
\  shores there is a superabundance of algal food so that any reasonably efficient 
1 species utilising this source of food can obtain sufficient of it without havin • 
/  to compete with its neighbours (see p. 226). Such a state of affairs, however, 

seems to be dependent upon the presence of predators. Worthington (1937, 
1940, 1954) has postulated that the presence of active predators has had a 
restrictive effect on adaptive radiation in African lakes. My studies on the 
Mbuna have led me to an entirely different conclusion. Piscivorous fishes are 
extremely common in Lake Nyasa (Fryer & lies, 1955) and, like the other 
habitats, rocky shores have their quota. Now the fish fauna of rocky shon ? 
is almost unbelievably dense (p. 164) and, as the food supply of the non* 
predacious species is not limited, it seems that they could increase in number* 
even more but for the predators. Increase in numbers would lead to increased 
competition and the possible elimination of certain species. The predators, 
however, by controlling the population density, will limit such competition 
and therefore favour the survival of certain species.

The obvious weakness in this argument is that predation is theoretically 
selective and that some species will more easily fall victim to predators than 
others. This may be so, but the fish fauna among the rocks is so dense an i 
the various species present are so much alike in general habits that a predator 
will almost always tend to eat the fish which it encounters most often, h- 
other words the most abundant species will furnish the major portion of the 
diet of the predators, and this will thus facilitate the survival of those speck* 
whose ability to increase is less. However unorthodox ray stand I firm*} 
believe, therefore, that in this case the presence of predators is one of the inm. 
reasons why so many species are able to co-exist and persist.

Wcomparable case is that described by Sokoloff (1955) who attributes in
ability of two very closely related species of Drosophila larvae to co-exist *t 
the slime fluxes of trees to the effects of predation on ovipositing adu *> 
females, and to the interference with ovipositing females by other insect 
which keeps the fly population at a reasonably low level and thus obvia ̂  
competition.

The idea that two species with similar demands on the environment ra*% * 
be able to live in the same habitat without competing if their numbers ^  
controlled by predators or parasites was put forward by Lack (1949) in a p>V • 
which I had not seen until my conclusions were reached. I t  is interesting ' 
see that Lack regarded his suggestion as purely theoretical and in fact .says t 
“ this situation seems to be rare or non-existent in birds ” . I t  seems profit 
however, that such a state of affairs does indeed exist among the Mbuns- 

A different effect of predation, but one which nevertheless “ beeom  ̂
major factor in the survival of the species 1 is cited from the work of Cartv^r 
on the effects of predation on game-birds in Canada in the book by * ^
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fmerson, Park, B ifk  & Schmidt (1949) (p. 376) to which reference should be
for details, , , , . ii

There is thus no reason to call on sympatnc speciation to explain the
, ition of the Mbuna. Indeed, if sympatric speciation took place then it is 

'-^difficult to» «ie why or how several different specialisations towards a 
' C1Jle wav of Me—scraping algae from rocks—were evolved; yet this can 
'in<:. ima"ír,ied to have taken place in isolated populations which would 
* tilise whatever mutations presented themselves for the exploitation of the
L *  obvious nnsans of survival.* ,

The overlap ©f formerly isolated, related species without interbreeding has 
numerous paral&& in other groups e.g. see the interesting case of co-existmg 
■'bípedes of the  mayfly Stenonema interpunctatum studied by Spieth and cited 

l  Mavr (1941) . « Í  only difference being that the isolation in these cases has 
usually been mswsrogeographieal whereas in Lake Nyasa it was microgeographi- 

! Brooks’ (l'!í¡50) concept of intralacustrine geographical barriers has shown 
*-clf to be no unere abstraction during the recent field work. There is some 
evidence, still ifficomplete, that some species have evolved in certain parts of 
>,* e lake and hasve not yet been able to colonise all available habitats, this 
¿mingly being the case in the genus whose virtual absence
& .m the Nkat» Bay area is rather striking. ■ :

It seems profitable that closely related species living together are isolated 
a! least in part by ethological factors, and it is most striking that, in three 

■r.s of pairs ciif very closely related species, the members of a pair differ 
.rkedly in coimration. Thus Pseudotropheus and P. auratus which,

khdugli they luave rather different horizontal ranges, must often meet, differ 
striking“ - fin coloration, P. fuscus being, even in breeding dress, rather 

•ahrely coloimvd while P. auratus has the very distinctive coloration (black 
•; gold iff the fibmale ; blue on black in the male) described on p. 243. The 

v.".¡c is equally t* rue for the not very strikingly coloured
f  1 the remarkiable cobalt blue and black (Fryer, 1956 a). The
I.in! case is Lnat oí Pseudotropheus zebra and P. livingstonii. The three 
.i**s of P. livUngstonii captured were all bright golden orange in colour with 
'.».¡net dark: vertical bars ; this coloration differing markedly from that 

í any of the ; linee types of male coloration found in the very closely related 
-'Ira (p. 24io).
d ins state off affairs seems to be a parallel to the remarkable cases ot co- 

»bience of nmmerous species of butterflies of the genus Lycaena studied by 
■ ríon and orrabs of the genus Uca studied by Crane both of which are quoted 

.’ Mayr (19421). “ Selective m ating” probably plays an important part in 
> * ; ;ng the vaixious species distinct, but its usual method of operation is to 

-■•in distinction when once acquired and not to promote it. .
ll( particular interest in this connection is a ease which, a t first sight,

"¡■h only fai¿r to mention that' this conclusion is diametrically opposed to that reached 
v.kovié (11555) who has recently assessed the evidence appertaining to speciation in L.

1 fampn is one of the best V.udied of all those of the world’s ancient lakes. Never-
’• the inibmnaiion now to hand concerning the ecology of the Slbuna seems still best 

,”’“1 Ml terrina of allopatric speemtion.
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appears to be at variance with the above suggestion ; namely that of the two 
extremely closely related species of Labeotropheus which do not appear to b* 
separated by colour differences in this way. Here, however, there is a dif 
ference in the incidence of the OB pattern in the female, a t least in the* 
populations sampled. Fifty per cent of the small sample of available female* 
of L. trewavasae exhibit this pattern as opposed to none or, if the “ peppered “ 
pattern be regarded as the same as the OB pattern, about 3 per cent of the 
females of L . fuelleborni (Fryer, 1956 d). I t  is very tempting to suggest that 
here, where specific distinction has obviously been only recently acquired a 
tendency towards fixation of different colour types is beginning to exert itself 
and that the OB pattern is being utilised by L. trewavasae for this purpose* 
The facts are not opposed to this view but bigger samples of L. trewavasae are 
needed to establish it.

In addition to separation by colour differences the possibility that closelv 
related species are prevented from interbreeding by the production of different 
chemical secretions which attract like and frighten unlike species, as \va> 
suggested at an infraspecific level by Steinmann (1953), must be borne in mind. 
The Mbuna would lend themselves particularly well to aquarium studies where* 
by this possibility could be tested.

Mayr’s concept of multiple colonisation (1942, 1947), while unacceptable 
in its original form so far as the Mbuna are concerned, if considered at a 
different level provides a picture of what is believed to have taken place during 
the evolution of the group. If  one thinks of a rocky shore as an island being 
successively invaded from other islands instead of visualising the lake as a 
whole being a single unit successively colonised from rivers, then one has the 
story of the Mbuna in a nutshell.

SUMMARY OF PART II
An account is given of the biology, ecology and evolution of a group of 

closely related fishes which inhabit rocky shores of Lake Nyasa, to which lake 
they are confined. The group, which is believed to be monophyletic in origin, 
and which is spoken of as the “ Mbuna ”, is defined.

Some species are structurally stable ; others are very variable. Although 
there is a basic colour pattern the actual coloration is very variable both 
between, and sometimes within specific units. This colour variation, sexu&J 
dimorphism and colour polymorphism are discussed.

Notes are given on the distribution, general ecology, habits and fow 
preferences of the group as a whole and of individual species. All species art 
to a greater or lesser degree bound to rocky shores; sandy beaches constituting 
very effective barriers to inter-habitat migrations.

Males become territorial during the breeding periods. There is a define 
courtship behaviour before laying and fertilisation of the eggs which ^  
subsequently carried in the mouth of the female, which continues to bro ’ 
the resulting young at least until the yolk sac is absorbed.

There is no definite evidence to indicate the existence of intraspec1*“ 
homogamy.

Competition for breeding grounds (territories) seems to be obviated A
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ntinuous I  breeding throughout the year, only a small percentage of the
00 reauiring territories at any one time.
’l The adaptive radiation of the group is summarised and an attempt is 
i  to trace the origin of the Mbuna, the phylogenetic relationships of the

1 ¡mis species, and the evolutionary history of the group as a who e- 
imrnPthe known geological history of Lake Nyasa the history and distri- 
ion of environments populated by Mbuna is reconstructed. gains

; .k,rr0und the probable sequence of events during the evolution of th  
' rious species of Mbuna is reconstructed from the knowledge of the structure, 
X v  S  habits of the present-day species. The evidence is wholly com- 
\ J  With the theory of allopatric spéciation, and there is no occasion to 
„‘have recourse to the theory of sympatric spéciation to explain the evolution

‘ Thf Sfoete of predation on the maintenance of dynamic balance is pointed 
ul Predation, by keeping a check on the numerical density o P°pu a J | l r  
i.viates interspecific competition and favours the survival of individu
*eeies.
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APPENDIX 1

Distribution of Mbuna around Lake Nyasa. North end refers to specimens 
from North of latitude of Ruarwe ; South end to South of Cape Maclear. 
(Based on Trewavas (1935) and personal records).

North Eastern Western South
End shore shore End

Labeotropheus fuelleborni X X X X
Labeotropheus trewavasae X
Labidochromis vellicans X X X
La bidochromis caeruleus X
Pelrotilapia tridentiger X X X
Pse udotropheus tropheops x X X X
Pseudotropheus novemfasciatus X X
Pseudotropheus auratus X X
P seudotropheus fuscus X
Pseudotropheus fuscoides X
Pseudotropheus elongatus X X
Pseudotropheus minutus X
Pseudotropheus zebra X X X X
Pseudotropheus williamsi X
Pseudotropheus livingstonii X X
Pse udotropheus elegans X

Pseudotropheus lucerna X X
Pyathochromis obliquidens X X X X
Pynotilapia afra X X
Alelanochromis melanopterus X X
Melanochro?nis vermivorus X
^Idanochrotnis brevis X
^felanochromis perspicax X
Melanoch ro?nis labrosus X

^enyochromis mento X x
®ePhyrochromis moorii X X

Gephyrochromis lawsi X X
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APPENDIX 2

Number of eggs or young brooded by females of some species of Mbuna 
(Only specimens captured by stunning, which retain the full complement of 
eggs or young, are considered).

Species Approximate
Total length No. of eggs No. of young Length of

(cm.) young (mm.)

Pseudotropheus tropheops 10-7 26 12
99 » 1 0 0 28
99 99 9*2 15 8
99 99 10-2 15 14-15
99 99 9*5 27

Pseudotropheus fuscus 10*1 46 11
99 9 9 . 9*1 32 10

Genyochromis mento 10*5 34 12
Labeotropheus fuelleborni 11*3 18 8

' » • ■ ’ 99 ■ * 12 -1 22

(occluding)
99 99 12*3 23 12

Labeotropheus trewavasae 9*9 10
99 ' 99 10*6 22 15-16

Labidochromis vellicans 6*2 10 8

ADDENDUM

Since the above was written Moreau & Southern (1958) have given 
account of polymorphism among birds in what possibly represents a sing 
species of Shrike of the genus Chlorophoneus, which bears so many striki l 
similarities to the state of affairs existing in Pseudotropheus zebra that the pars 
llelisms are worthy of emphasis; As in the case of the cichlid fish “ the occt:? 
rence of the various colour phases and the proportions in which they appear i-* 
the various local populations vary without apparent correlation.” Again* -v 
in P . zebra, “ the extent to which neighbouring populations differ in regard * 
the phases represented bears no relation to the distance or to the severity 
the ecological barriers between them.” Moreau & Southern found it inip^ 
ible to suggest any adaptive significance in the differences between the vari  ̂
populations.
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PREDATION AND IT'S EFFECTS ON MIGRATION 
AND SPECIATION IN AFRICAN FISHES : A COMMENT
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C ontrary  to  a  recen tly  expressed view  very  little  factual evidence has been b rough t 
forw ard to  support th e  idea th a t  p re d a to ry  fishes, an d  especially Lates a n d  Hydrocynus, 
have had  restric tive  effects on spéciation am ong o ther A frican freshw ater' fishes. 
A considerable body of d a ta  supports th e  view  th a t  th e  effects o f these fishes do n o t 
differ from  those  of o ther p red ato rs an d  th a t  p redation  has fac ilita ted  spéciation, 
i  u rth e r reasons w hy Lates an d  Hydrocynus cam iot be considered as hav ing  effects 
different from  those; o f o ther p red ato rs  are  given.

The s itu atio n  m  lakes co n ta in in g  these p red ato rs  is reconsidered. There is no need 
to  a tte m p t to  m inim ise th e ir effects in L ake T anganyika  where th e ir  presence and  effects 
are fully  com patible w ith  th e  existence of a  rich endem ic fauna. The s itu a tio n  in  
Lakes A lbert an d  R u do lf is m ore sa tisfac torily  explained by  th e  b rief d u ra tio n  o f th e  
existence of th e  p resen t-day  lakes and  b y  their recen t invasion by  a  fully  d ifferentia ted  
N ilotic fauna, th a n  b y  im agining th a t  Lates an d  Hydrocynus have restric ted  spéciation.

T he suggestion th a t  Lates and  Hydrocynus wore responsible for th e  inception  o f the  
h ab it o f u p stream  m igra tion  for purposes o f spaw ning is d iscredited , an d  w h a t seem 
to  be m ore probable  reasons for the  phenom enon are given.
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PREDATION AND SPECTATION

. This. note is elicited. ixy Jackson’s p&per (1961 b) on the impact of the 
tiger fish Hydrocynus vittatas (Castelnau) (= / / .  li?ieatus Bleeker) on other 
Airican freshwater fishes. In this paper he seeks to demonstrate the validity 
of the view put forward by Worthington (1937, 1940, 1954) that predatory 
fishes, particularly Lates and Hydrocynus, have retarded spéciation. In so 
doing he incorrectly formulates the contrary view. No one denies that these 
predators " have influenced spéciation ”—wherever they are components of the 
environment they must have played a part-—what is in question is the way 
m which they have done so. He ateq states that the contrary view “ has 
had little evidence brought forward (to’support it, but has remained largely 
speculative In fact the only other worker who has previously attempted 

P.Z.S.L.—144 21
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to provide factual data in support of the idea that predators restrict speciatim 
isLowe (McConnell) (1959), whose remarks were confined to the genus T Ha put 
which is far from being one of the most important genera concerned, and who* 
interpretations have already been questioned and in some cases have beer, 
shown to be erroneous (Fryer, 1960).

By contrast the information supplied by Greenwood (19ol, 1959 a, 1959 fit, 
Corbet (1961), lies (1903), Fryer & lies (1955), and Fryer (1959 a, 1959 b, lût,, 
supports thè contention that Lûtes and are by no means the onU
predator’s of importance, and that predation facilitates and hastens iati,-, 
than impedes and retards spéciation. Gordon (1947), on the basis of ecologie 
and genetical studies on Central American poeciliid fishes of the genu- 
Platypoecihis,has also rejected Worthington’s hypothesis and has conclude- i 

that “ apparently just the opposite effect is seen in the platyfish.es at 
as far as multiplicity of genotypes is concerned Some of these papers were 
unfortunately in the press at the same time as Jackson s papei, but he make,- 
no reference to the important work of Greenwood (1959 a), which has produced 
incontrovertible fossil evidence against the original hypothesis. Nor does b* 
mention that Greenwood (1959 b) and Fryer (1959 a) working on Lakes Victor:,, 
and Nyasa respectively, and with different assemblages of species, cameindepeii- 
dently to the same conclusion about the rôle of the numerous predators in 
reducing interspecific competition among non-predators, and therefon 
facilitating their survival.

The re-statement of previous suggestions (p. 616) does nothing to mukt- 
them convincing, and the use of Lowe’s data, which form the mainstay "i 
these, is most unfortunate. To quote her to the effect that “ and

Hydrocyondo seem to have had a marked effect on fish ” tells us nothin: 
What effect ? That Nyasa, without these predators, is the only lake with a 
species-flock of T ilapia {four species only) is no evidence either for or again- 
the theory. To rearrange Lowe’s tabulated data, as does Jackson, tells h- 
nothing. The obvious fallacy here is that, of the lakes which should hav* 
been taken into account, only a selection has been considered. A very 
different result is obtained if data for such important lakes as Mweru. 
Bangweulu, and Ivivu, not to mention many smaller lakes, are taken int* 
account. The entire exercise is in any case rendered meaningless bv the 
fact that several of the. lakes implicated in no way exhibit the phenomeno. 
under discussion! The mere existence of a single endemic species of 
or a pair of species which originated from different stocks, has nothing to d  
with the presence or absence of Lates, or any other fish, in t 
same lake but is a simple case of geographical differentiation. I t has not lu r . 
whatsoever to do with the phenomenon for which, in order to avoid am 
ambiguity, the term accepted by Worthington, namely Woltereck’s cumbrou 
“ schizotypisehe Artaufspaltung ” can be employed.

Jackson's data on the feeding habits of Hydrocynus lineahis are certain.^ 
useful, but it is not logical to conclude that, because it preys heavily on sma!hr 
fishes (18-20 cm is recorded as the usual maximum length), and because « 
has “ a very marked effect ” on other fishes (p. 616) it has retarded speciathn 
The facile assumption that suppression or retardation of spéciation is t.u
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inevitable consequence of predation is indeed a major weakness of the original 
hypothesis. On the contrary it is an indisputable fact that it is essentially 
nnall fishes, among which heavy predation is proven, which comprise the 
major species-flocks of the great lakes. Larger eichlids, of which Tilapia is 
the outstanding example, and which are less subject to predation when adult, 
exhibit less spectacular intra-lacustrine spéciation. This idea is developed 
mote fully elsewhere (Fryer, 1960). Massive supporting data on the food of 
non-cichlid predatory fishes of Lake Victoria are given by Corbet (1961) and 
for Bagms in Lake 'Nyasa by lies (1963). Jackson’s data for Ilydrocymis, 
both here and in a previous paper (Jackson, 1961 a), Hamblyn’s (1960) 
preliminary observations on Lates niloticus* in Lake Albert, and Anderson’s 
(1961) data on the same species, show clearly that, wherever these predators 
have played a part, small fishes have comprised the major part of their diet. 
Their rôle has in fact been the same as that of other predators.

Jackson’s criticism of the work of others is of a curious kind. Thus, in 
referring to the note by Fryer & lies (1955) he has apparently misread its 
contents as well as its title. If  this note had said what Jackson claims it says 
his criticism would be justified : in fact it says no such tiling. The point it 
made was that Worthington’s view that Lake Nyasa lacked active predators 
is erroneous ; and this is certainly so. Jackson also implies that what 
Fryer & lies state they have observed, is untrue, namely that many Nyasan 
fishes will take eggs or fry of other species whenever the opportunity to do so 
arises. This is neither 4 4 a remarkable statement ” nor 44 improbable in the 
extreme ” but a statement of observed fact. In spite of their often specialised 
dentition many Nyasan fishes are quite capable of sucking in and swallowing 
these soft morsels, just as some of them will take an angler’s worm. Nor 
need they be half-starved before they will do so. Well-fed fishes will often 
gorge themselves on such food if it is offered. The reason for the rarity of 
such occurrences in nature is probably not unconnected with the apparently 
universal habit of mouth brooding among the endemic eichlids (Fryer, 1959 b), 
and with the fact that the egg-eating and larval fish-eating habit evolved in 
Lake Victoria (Greenwood, 1959 c) is less developed in Lake Nyasa, although 
jettisoning of eggs may occur under certain conditions (T. D. lies, in litt.).

Similarly, in his discussion of the rôle of predators in controlling the 
numerical abundance of prey species (p. 617) Jackson attributes to me the 
idea that “ newer and therefore less numerous forms ” (my italics) will be 
allowed to multiply. The concept of “ newness” did not enter into my 
argument (Fryer, 1959 a), and I am not sure what is meant by the term 
unless mutants are implied, and their survival would obviously depend on 
the degree of their overall adaptation. More important is the fact that 
Jackson fails to see how several predatory species with different habits will 
in fact be needed to influence the full spectrum of non-predatory species. 
No matter how catholic the tastes of open water predators they could not 
greatly influence potential prey species with skulking inshore habits. I t  is 
hard to see why Jackson criticizes the-concept that predators in Lake Nyasa

* Until the systematic status of the forms of Lates in Lake Albert has been clarified it is 
convenient to use this name.

21*
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Mill eat whatever prey species happens to be most abundantly availai,;. 
when this is exactly what his own data for show and is in fact
point which he emphasizes. While, as was acknowledged at the tinte ti. 
idea was put forward as an explanation of the state of affairs in Lake Nyul 
(Fryer, 1959 a, p. 272) the argument has its weaknesses, work- on otlti.-, 
predators Anderson (1961) for Lates and Jackson himself fw
Hydrocynus shows that this is exactly w:hat happens elsewhere. Similar!', 

Hulot (1956) says "  Il est superflu de rappeler la plasticité du régime alimón- 
taire de ces voraces au lac É douard” and, speaking of Lake Albert, say, 

tine grand plasticité du régime alimentaire se remarque chez certain 
carnivores ” . Hamblyn (1960) lias also found that L. fails t„
exhibit what he calls “ palatability preferences ” . .

The meaning of Jackson’s remarks about the  small size of Nyasan rocky 
shore fishes (p. 618) is obscure. His conclusion that, because many of thV 
species occurring in this habitat are small, “ this seems to argue that the 
Nyasan rocky shore predators are too mild to have much effect upon the 
numerous endemic species continually living there, as it lias been show, 
that the impact of predation by Hydrocynus is on small fishes ” is completely 
illogical and takes no account of facts. Why should small fishes not be 
eaten? Surely one would expect, as is indeed the báse that small fislu- 
can be eaten by small predators. The existence of communities of small 
fishes does not mean that they are not eaten. Further, Jackson’s implication 
that the littoral fishes of Lake Xyasa are small and numerous because 
predation effects are small is, to say the least, unreasonable. The effects 
quoted by him from Rounsefell & Everhart (1953, pp. 47, 366) are purely 
phenotypic and are in no way comparable with the genotypically determined 
size limits of the highly specialised Nyasan rocky shore fishes.

Perhaps Jackson’s greatest error, however, is in assuming that suoh fishes 
as Hates and Hydrocynus exert greater effects on the process of spéciation than 
what he calls “ the infinitely milder predators”  of Lake Nyasa,: For t his 
there is not a shred of evidence, and it has already been pointed out (Fryer. 
1960), and is here emphasized, that the method employed for capture of thé 
food is no reflection of the amount consumed. Within limits which arc 
probably small it must take approximately the same weight of prey speck- 
to  produce unit weight of predator flesh whether that flesh be Hydrocynus 
Bagrus, Ciarías or any other genus. Differences there will be which will 

reflect activity patterns .as well as digestive efficiency (probably alwavs huh 
in predators). My observations on Lates and Hydrocynus (“ swift ” ) and >>u 
Bagrus and Otarias (“ linkers” ), however, lead me to conclude that different - 
m behaviour.between the two-types of predator, while likely to influence, tic 
choice of prey, are no reflection of voracity. Jackson’s quotation of fishermen'?, 
tales concerning the voracity of Hydrocynus (p. 604) is no substitute for crit ic ; i 
scientific data. In fact the belief that Lates, and Hydrocynus are constant i- 
ro\ing and devouring is erroneous. Like predators in general they incluirc - 
long periods of rest when replete (see also Worthington & Ricardo 
and Hambly n (1960) for Lelies')'Their ability to move quickly u'hen require - 
does not mean that they habitually do so. As Mantón (195S) has observen



Interoceanic Sea-Level Canal: 
Effects on the Fish Faunas

Past and present zoogeography helps us predict the 
effects of a forthcoming interoceanic connection.

Robert W. Topp

Although construction of an inter
oceanic sea-level canal through the 
Central American isthmus has been 
earnestly contemplated for nearly a 
century, the biological consequences of 
a man-made “Strait of Panama” have 
received serious consideration only dur
ing the past decade. I wish to add 
another opinion to the growing body of 
speculation on possible biological out
comes of this venture: that while the 
respective characters of the western 
Atlantic and eastern Pacific ichthyo
faunas will not be drastically altered by 
ingress of species from the opposite 
coasts, there exist opportunities for 
faunal enrichment, especially in the 
Caribbean, by transpacific species of 
Indo-West-Pacific origin. My conclu
sions are based on a consideration of 
the paleogeography of Central America 
and other areas, and of present ichthyo
faunal complexes and their respective 
environments.

In the past, the gargantuan task of 
digging a suitable channel by conven
tional means discouraged all but the 
most ambitious planners, but now, with 
nuclear energy available as a tool of 
excavation, interest in the scheme is at 
high pitch. Although there is little 
doubt about the physical possibility of 
excavating a channel with atomic 
charges (I), the dominant problems at 
present are problems of politics rather 
than of engineering (2). In any case, 
surveys by the agents of the Atlantic- 
Pacific Interoceanic Canal Study Com
mission are being completed for two 
alternate sites, the Sasardi-Morti route 
in Panama and the Atrato-Truando 
route in Colombia (2).

The author Is a marine biologist at the Florida 
Department of Natural Resources Marine Re
search Laboratory, St. Petersburg, and a Ph.D. 
candidate at Harvard University, Cambridge, 
Massachusetts.

The existing Panama Canal, with its 
intervening 40 miles (64 kilometers) of 
fresh water, Gatun Lake, has thus far 
served as an effective barrier to all but 
a few euryhaiine fish species. Only one, 
Lophogobius cyprinoides, is known to 
have established breeding populations 
on the opposite coast (4). A  sea-level 
canal, however, would constitute an 
unobstructed two-way transport system 
for dispersal of free-swimming, shallow- 
water stenohaline marine fishes, and at 
least a one-way system for planktonic 
stages. In effect, a deterrent to marine 
exchange will no longer exist unless 
positive steps are taken to preserve the 
barrier.

Possible biological consequences of 
allopatric populations coming into con
tact have been listed by Rubinoff (5, 6); 
these are, briefly, (i) formation of viable 
hybrid swarms; (ii) production of in
ferior hybrid swarms, leading to pos
sible extinction of both species; (iii) 
limited hybridization, with maintenance 
of discrete populations; and (iv) re
placement or extinction of one species 
by another. Rubinoff concluded, partly 
on the basis of experimental evidence, 
that any of these consequences may 
occur among the Central American 
shore fishes, depending upon the species 
involved. Briggs (7) has expressed the 
more general view that most of the 
western Atlantic species would be com
petitively superior to their eastern 
Pacific relatives, basing his supposition 
on the disproportionate richness and 
stability of the respective ecosystems. 
A dissimilar view, expressed by several 
workers who have compared the two 
faunas and their environments, is that 
Pacific fishes, living under more rigor
ous environmental conditions, would 
have the adaptive flexibility to compete 
successfully with, and ultimately dis

place, most of their Atlantic relatives. 
Finally, a recent statement by Cole (5), 
based on an incorrect estimate of differ
ences in mean sea level, has suggested 
an array of frightening eventualities.

Mediterranean-Red Sea Relationships

It has been suggested that faunal 
changes in the Mediterranean and Red 
Sea since the completion of the Suez 
Canal may be instructive in predicting 
the amphi-American events (events on 
either side of the isthmus) that would 
follow excavation of the canal. Many 
geographical similarities exist, to be 
sure, there being in both cases two great 
north-south landmasses narrowing to 
a width of less than 100 miles at a 
point some 4800 miles north of the 
southern end of the landmasses, and 
both separating two large compartments 
of water (9). The differences stemming 
from historical events, however, greatly 
overbalance these superficial similari
ties when zoogeographical comparisons 
are made.

As early as the Cambrian, a consid
erable part of the Middle East was cov
ered by a shallow tropical sea, the 
Tethys. In the early Tertiary this same 
sea was broadly continuous from the 
West Indies through the Mediterranean, 
with corridors extending to the East 
Indies. The rich fossil beds of Lebanon 
and Monte Bolca (Italy) indicate that 
the Tethys of this period was truly 
tropical and distinctly Indo-West- 
Pacific in character, with rich assem
blages of coral and other tropical in
vertebrates, as well as tropical littoral 
fishes. In the Mediterranean region 
itself there were some 65 genera of 
reef corals,, and the fossil record indi
cates that as far north as Belgium the 
Paleocene fish fauna was tropical or 
perhaps subtropical, and the Eocene 
fauna was mainly tropical (10).

In the late Tertiary two important 
alterations of the Tethys Sea occurred: 
(i) in the late Miocene, communication 
of the Mediterranean with the Red Sea 
was interrupted by emergence of the 
Isthmus of Suez (11), which divided the 
uniform zoogeographical province into 
two compartments, and (ii) during the 
Pliocene, climatic deterioration that had 
begun as early as the late Eocene be
came accelerated (12). As the Medi
terranean cooled, its tropical fauna was 
gradually destroyed. This destruction 
may have been hastened by desaliniza
tions resulting from the temporary
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blockage of the Strait of Gibraltar to
ward the end of the Miocene (13). 
Following these events the impoverished 
Mediterranean began to accept colo
nizers through the Strait of Gibraltar, 
so that the ichthyofauna of the Mediter
ranean is now more closely related to 
that of the Atlantic than to any 
other (14).

Since the opening of the Suez Canal 
in 1869, the Mediterranean has received 
at least 24 immigrant fish species from 
the Red Sea (15), some of which may 
be replacing native species (16). In view 
of the geologic history of the area, it is 
not difficult to understand why the 
descendants of the preadapted Tethys 
fauna, with their long-thwarted poten
tials, are redeploying so rapidly.

As would likewise be expected, there 
are no reliable records of Mediter
ranean fish species having penetrated 
the Red Sea. Although this is partly due 
to the canal’s hydrography, it may also 
be due to the inability of the Atlanto- 
Mediterranean fishes to compete with 
the well-adapted Red Sea ichthyofauna.

Amphi-American Relationships

While the tropical American ichthyo
fauna has experienced a regime of 
paieogeographical events similar to that 
of the Middle East, it has approached 
a condition of amphi-American paral
lelism rather than dissimilarity. The rea
son for this seeming paradox becomes 
apparent when the history of the area 
is considered.

The Tethys Sea that influenced Mid
dle East faunal distributions simultane
ously maintained continuity with large 
portions of Middle America. In the 
middle Cretaceous the broad Central 
American region was generally sub
mergent and apparently presented no 
serious obstacles to the dispersal of 
shallow marine organisms (17). Tertiary 
Central America, according to Whit
more and Stewart (18), was character
ized by a shifting pattern of island 
groups and of peninsulas attached to 
one continent or the other. During this 
time the equatorial surface currents de
livered a steady influx of colonizers 
westward into what is now the Carib
bean province and, in turn, through the 
Central American seaways into the 
eastern Pacific (19).

From the fossil record we may infer 
that the Tertiary fauna was distinctly 
West Tethyan in character, and that the 
eastern Pacific fauna was quite similar

to the fauna of the remainder of the 
Caribbean province. This continuity 
of ecological conditions has been re
cently demonstrated by Woodring (20), 
who found practically identical fossil 
molluscan faunas along the Caribbean 
coast of central Panama, in northern 
Colombia, in the Atrato Trough, and 
near the Pacific coast of Colombia, 
Darien, and Chiriqui.

During the Pliocene the Central 
American isthmus was completed; thus 
the Americas were connected for the 
first time in geologic history (21). At 
the same time climatic changes similar 
to those affecting the Mediterranean 
were occurring in Central America, 
destroying a portion of the fauna while 
displacing the remainder southward and 
replacing it with cold-water forms. By 
the time of the continental ice sheets 
the ocean waters were sufficiently cooled 
to allow crossing of the equator by 
organisms that are now “antitropical” 
in distribution. Such forms now barely 
reach the existing tropical fauna (22).

-Up to this point the histories of the 
Middle East and Central America coin
cide, both areas having experienced (i) 
submergence of vast, continuous areas 
beneath tropical seas; (ii) widespread 
distribution of tropical shallow-water 
faunas; (iii) orogenic disturbances in
terrupting the continuity of the sea by 
land bridges; (iv) climatic deterioration 
causing a cooling of the waters; (v) re
placement of the tropical faunas by 
northerly forms; and (vi) rewarming of 
the seas following the periods of con
tinental glaciation.

At this point, however, the analogies 
cease. During periods of climatic 
amelioration the original Mediterranean 
fishes were denied readmission to their 
former domain by a barrier which ob
structed their northward movement, 
whereas in Central America this was 
not the case. When the American fishes 
were displaced southward during 
periods of cooling, many took refuge 
along the coasts of South America. 
During warmer periods they attained 
their earlier latitudinal ranges without 
obstruction from the newly formed 
isthmus. Northeastern South America, 
for example, is thought to have been a 
refuge for much of the western At
lantic fauna during the Pliocene and 
early Quaternary (10). The similarities 
of the present fauna on the two sides 
of the isthmus furnish convincing evi
dence that the former distributions were 
in large part restored.

These similarities were first noted by

Günther (23), who postulated the exist
ence of former marine continuities even 
before this had been demonstrated by 
geologists. The similarities are most 
striking at the generic level, where coin
cidence for amphi-American fishes (45 
percent) far exceeds that (19 percent) 
for fishes on the two sides of the At
lantic (24).

At the species level, only about 1 
percent of the fishes are judged to be 
identical amphi-American species-pairs 
(25); this indicates not only the effec
tiveness of the geographical barrier but 
the amount of spéciation that has oc
curred during the past 3 or 4 million 
years of geographical discontinuity.

Much of the ichthyofaunal dissimilar
ity at the species level undoubtedly re
flects the dissimilar environmental 
conditions which developed on opposite 
sides of the isthmus as the seaways 
became disrupted. These differences, 
summarized by Rubinoff (6), include 
differences in temperature, salinity, trans
parency, tidal amplitude, and associated 
biota. On the whole, the Pacific coast 
now presents a much more rigorous 
and fluctuating environment than the 
Atlantic coast does..

Meek and Hildebrand (26), in at
tempting to explain the differences in 
fish faunas, speculated as follows:

. . . before the last passage between the 
Atlantic and Pacific Oceans was closed to 
marine fishes, the representatives of certain 
families had already found that one side 
of the “divide” was better suited to their 
particular needs than the other. The result, 
with respect to such families, was that 
when at last the passageway was com
pletely closed that most of the species of 
some of them were on one side of the 
isthmus, while those of another were on 
the opposite coast.

Although this may account for cer
tain initial differences, it is unlikely 
that the faunas had segregated to so 
great a degree while the sea was still 
continuous. It is more likely that they 
diverged after being separated into en
vironments with differing selective pres
sures.

At this point we can profitably com
pare the present amphi-American situa
tion with the situation that existed on 
either side of the Isthmus of Suez be
fore the canal was built. We have seen 
that in the latter case there was a 
tremendous imbalance between the two 
biomes, while in Central America there 
exist historically well-adapted faunas on 
both sides of the isthmus that are 
closely related in many respects but 
differ as a reflection of the differing
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environments. It should, then, be clear
that it is unsound— or at least unfair__
to make predictions about amphi- 
American faunal interchanges on the 
basis of events on both sides of the 
Isthmus of Suez after excavation of the 
canal. And, at the same time, we should 
avoid making emotionally charged anal
ogies to the introduction of various 
pests (for example, goats or rabbits) 
into previously pristine habitats. Xhe 
Suez events involved the réintroduction 
into an otherwise unsaturated area of a 
fauna well qualified to live in the new 
environment. The pest situation involves 
the introduction and expansion of pro
lific nuisances without the hindrance of 
predators or effective competitors.

Conclusions and Prognosis

Finally, we may return to the original 
question of the effects of unleashing the 
two Central American ichthyofaunas, 
one upon the other. Having no valid 
precedents that approach the magnitude 
of this forthcoming experiment, we 
must rely heavily on our general knowl
edge of zoogeography and evolution, 
and must temper our predictions by an 
understanding of the history of the area 
and its faunal complexes.

The higher taxa are already char
acterized by a high rate of amphi- 
American coincidence, and thus can 
undergo few changes; rearrangements 
will be primarily at the species level.
In Rubinoffs (6) list of possible biologi
cal effects, three of the four involve 
some degree of hybridization. The 
lifelong observations by Carl Hubbs on 
hybridization and spéciation in fishes 
supply a multiplicity of examples and 
comment, all of which dissuades me 
from believing that hybridizations of 
any significant extent will occur. Even 

. among species that can be readily cross- 
fertilized in aquaria there is, according 
to Hubbs (27), an extreme infrequency 
of recognized fish hybrids in nature. 
Hubbs (28) has, moreover, noted that 
interspecific crossings are least likely to 
occur in tropical marine waters (as 
compared to temperate or fresh waters), 
for “much greater opportunities have 
existed [in tropical marine waters] for 
the development and operation of the 
multitudinous fine adjustments involved 
in the location, with precise timing, of 
the proper breeding grounds and the 
proper mates.” Among subspecies— the 
taxon to which some of the amphi- 
American “species-pairs” may eventually
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be relegated——there may be ecological, 
behavioral, or other blocks to successful 
interbreeding, so that, even in the ab
sence of genetic isolating mechanisms, 
fusion is countered by “the effective 
adaptation of each subspecies to its 
own habitat, so that a high breeding 
potential is realized and the appropriate 
habitats are saturated with their own 
respective pure stocks” (27).

Some gene flow will occur, to be 
sure, especially when an individual 
crosses the isthmus and is forced to 
breed with genetically dissimilar in
dividuals, but here again there is serious 
question as to  whether such introgres- 
sion will result in an enrichment of the 
gene pool or in elimination of the genes 
of the invaders.

As for the more serious possibility of 
replacement or extinction of fish species 
by better-fitted groups from the opposite 
coast, widespread occurrence of such 
phenomena appears improbable when 
considered in the light of paleogeog- 
raphy and present faunal adjustments. 
It is difficult to believe that any great 
number of fish species will be pre
adapted to colonize an environment 
which not only is less hospitable in 
terms of their own background but is, 
moreover, occupied by well-adapted 
related forms.

Of course, it would be folly to as
sume that no changes at all will occur. 
Species with generalized ecological re
quirements, such as the piscivorous- 
carnivorous grunts (Pomadasyidae) or 
porgies (Sparidae), may find the canal 
easy to transit in either direction and 
may become established on the opposite 
coast. Another source of potential 
colonizers, the Indo-West-Pacific fauna, 
may have a far greater impact on the 
ultimate composition of the Atlanto- 
East-Pacific fauna, and particularly on 
the fauna of the Caribbean.

As Ekman (JO) has demonstrated, 
the Mesozoic and Eocene fauna of the 
Atlanto-East-Pacific was not inferior 
either in quality or in quantity to the 
fauna of the present-day Malay region. 
But the Atlanto-East-Pacific is far 
from having recovered from the im
poverishments suffered during the 
Cenozoic climatic changes. Briggs (29), 
for example, has found that western 
Pacific fishes are indeed transgressing 
the East Pacific Barrier to become 
established in the eastern Pacific. Of 
the 62 species of shore fishes docu
mented on both sides of the Pacific, 
most of the eastern Pacific representa
tives are confined to offshore islands,

but they are nevertheless potential 
colonizers of both the eastern Pacific 
coast proper and the environmentally 
more hospitable Caribbean. In this 
regard, some concern has arisen over 
the possible spread of the transpacific 
sea snake, Pelamis platurus, into the 
Caribbean (30).

A complicating factor is the change 
that may occur at lower trophic levels, 
providing new niches and causing shifts' 
in feeding patterns, with corresponding 
declines in adaptive levels among the 
resident fishes and increased competi
tive advantages for the invaders. Since 
many of the Central American inverte
brate and floral groups are imperfectly 
known (52), it is dangerous to make 
predictions about other levels of the 
food chain. But, if my reasoning may 
be extended in a general way to groups 
other than fishes, it should follow that 
widespread extinctions will not occur. 
There is good evidence that much biotic 
transfer may, in fact, be already oc
curring. Fouling animals, for example, 
may be making regular transits through 
the present canal on the hulls of ships 
(52, 55), and planktonic larvae and 
other microscopic organisms may be 
transiting in the saltwater ballast which 
is taken aboard ships to increase their 
maneuverability through the canal (55, 
34). These same agencies in world 
commerce are recognized as steady and 
powerful influences in the worldwide 
spread of marine organisms (55).

Another imponderable is the ques
tion of parasites, for we may find pre
adapted species unleashed upon particu
larly vulnerable hosts which have not 
had the opportunity to make genetic 
defensive adjustments. The native stur
geon of Lake Aral, for example, was 
seriously damaged by a parasitic worm, 
Nitzschia sturionis, carried by an intro
duced sturgeon (55). Studies aimed at 
assessing such possibilities are clearly 
in order.

As for hydrographic changes result
ing from a sea-level canal, these will 
certainly be minor, with only local ef
fects. The array of calamitous effects 
suggested by Cole (8), based on an 
idea that “the Pacific Ocean stands 
higher than the Atlantic by a disputed 
amount which I believe to average 6 
feet,” are unfounded. The Pacific Ocean 
is higher, but the mean difference is not 
disputed and stands at 0.77 foot at the 
present Panama Canal (36). The com
bined effects of tidal oscillation and the 
mean difference in sea level would 
cause the water in the channel to move
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alternately toward the Atlantic and then 
toward the Pacific, with a net advance 
toward the Atlantic of about 5 miles 
per day (36). This rate of advance, ap
plied linearly to channel dimensions of 
a cut excavated by nuclear charges (/), 
gives an average flow of a little more 
than 500 cubic meters per second, a 
value corresponding to the flow of a 
small river, or less than 1/400 the aver
age discharge of the Amazon River.

Although the transported Pacific 
water would at times be cooler by a 
few degrees than the water of the At
lantic, it would be of nearly the same 
salinity, and changes in the physical 
environment would be minimal. The 
greatest contribution of this Pacific 
water to ichthyofaunal change would be 
its role in providing a transitional area 
on the Atlantic side in which Pacific 
fishes could be harbored, possibly with 
competitive advantage, and from which 
propagules could be dispatched.

Under hydrographic conditions simi
lar to those proposed by Meyers and 
Schultz (36), a sea-level canal may re
main an effective barrier to weak swim
mers or plankton from the Atlantic. 
Freshwater drainage into the canal 
would provide a deterrent to strictly 
stenohaline marine organisms only if it 
were deliberately and constantly con
trolled.

The rather general predictions I have 
made represent only one of several 
opinions recently advanced, and should 

. no way detract from the critical and 
immediate need for preliminary surveys 
and analytical studies of the sort out
lined by Rubinoff (6). If my views are 
incorrect, and if widespread or disas
trous biological effects are felt, no 
amount of hindsight will be of avail. 
Our only consolation will be that the 
establishment of a man-made sea-level

interoceanic connection may merely 
have hastened what may well occur by 
natural means in, say, a few million 
years.

Summary

Although an interoceanic sea-level 
canal through Central America will 
allow easy exchange of stenohaline ma
rine fishes, the characters of the exist
ing ichthyofaunas will not be dras
tically altered by ingress of species from 
the opposite coasts. The Suez Canal 
cannot be taken as a valid precedent in 
spite of superficial analogies, for, in the 
case of the Suez Canal, well-qualified 
Red Sea faunas were reintroduced into 
the otherwise unsaturated Mediter
ranean. In Central America, historically 
similar faunas exist on either side of 
the isthmus, their differences being only 
a reflection of their differing environ
ments. It is therefore unlikely that any 
great number of fish species will be 
preadapted to colonize an environment 
which not only is less hospitable in 
terms of their own background but is 
occupied by well-adapted related forms.

Opportunities for enrichment exist in 
the Atlanto-East-Pacific province, and 
the greatest potential source of Carib
bean colonizers may be the western 
rather than the eastern Pacific. Factors 
which complicate predictive efforts are 
changes in lower trophic levels, and 
parasites. Hydrographic changes will be 
minor, having only local effects.
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