
MADOQUA. VOL. 14, NO. 2. 1985 (101-1441 101 

Aspects of the biology of larger 
fish species of Lake Liambezi, 
Caprivi, South West Africa 

B.C.W. van der Waal* 

Department of Co-operation and Development 
P.O. Box 384 
Pretoria 0001 
Republic of South Africa 

Revised version received: 21 March 1984 
Accepted: 3 July 1984 

*Present address: 
Department of Zoology 
University of the North 
Private Bag X l l M  
Sovenga 0727 

CONTENTS 
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Introduction.. 101 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 Methods 101 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 Results 104 

3.1 Species analysed ....................... 104 

3.2 Length frequency distribution . . . . . . . . . . .  104 

....................... 3.3 Age and growth 107 

. . . . . . . . . . . . . . . . . . . . . . . .  3.4 Reproduction.. I22 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  3.5 Food habits 132 

4 Discussion and conclusions. . . . . . . . . . . . . . . . .  141 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 Summary 143 

. . . . . . . . . . . . . . . . . . . . . . .  6 Acknowledgements . l43 

7 References. ............................... 143 

1 INTRODUCTION 
Lake Liambezi lies in the Kwando Linyanti-Chobe 
River system which flows into the Zambezi River and 
Forms a focus of fishing activities in Caprivi (Figure 
la). The fish life and fisheries of this lake were studied 
from 1973 to 1976 in order to draw up a management 
plan for the lake. The limnological characteristics of 
Lake Liambezi have been described briefly by Sea- 
man, et al. (1978) and Van der Waal (1980) described 
the fisheries and experimental catches of Lake 
Liambezi. 

The present data were collected for background 
knowledge and are presented here because the general 
biology of many fish species in the lake is unknown. 
The results are to a large extent superficial as the study 
was aimed at providing a broad picture of the ecology 
of Lake Liambezi rather than detailed information on 
the biology of the individual species. 

2 METHODS 
Fish were collected over a period of 18 months using 
the foIlowing seine and giIl nets: 
Seine nets: 40m Iong, 3m deep, 25mm stretched mesh 
and 50m long, 3m deep, 50mm stretched mesh, both 
with a bag of 3m deep. 

stretched thickness 
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FIGURE la: Map of Lakc Liambezi, Caprivi. 



Gill nets are hung on the half and are 2,0 to 2,511 deep 
when hung. Gill nets were set in series at 16h00 and 
lifted at 08h00 at five localities in Lake Liambezi, 
representing the five main habitat types as indicated in 
figure lb. Seine nets could only be used at four sites 
near the camp at Lizulu where beaches had to be spe- 
cially prepared for seining. Nets were set out up to 
70m from the shore, where the water was up to 3m 
deep. 
Fish were collected every six weeks and the following 
data collected from each fish: fork or total length 

List of 43 fish species collected in Lake Liambezi. 

Mormyridae 
Petrocephalus catosloma (Gllnther, 1866) 
Mamsenius mucmlepidorus [Peters, 1852) 
Mormyms lacerda Castelnau, 1861 

Characidae 
HyoZocynus vittatus (Castelnau, 1861) 
Afesfes iatemlis Boulenger, I900 
Rhabdalcsies maunensis (Fowler, 1935) 

Cyprinidae 
Barbus powhii Steindachner, 191 1 
Borbus poiudinosus Peters, 1852 
Borbus mmulriiineaius Wort hington, 1933 
Barbvs unitueniotus Glln ther, 1866 
Barbus bifwnaius Fowler, 1935 
Barbus baroiseemsis Pellegrin, 1920 
Barbus burnurdi Jubb, 1965 
Bnrbus radiafus Peters 1853 
Coptostomabarbus wittei David & Potl, 1937 
h b e o  tunatus Jubb, 1983 

Clariidae 
Clarias guriepinus (Burchetl, 1822) 
Clarias ngarnensis Castelnau. 1861 
Clurias fheodome Weber, 1897 

Schilbeidae 
Schilbe mystus (Linnaeus, 1762) 

Mochokidae 
Synodontis nigromomlulus Boulenger, 1905 
Synodonri.~ woosnami Boulenger, 191 1 
Synodonris macrostigma Baulenger, 191 1 
Synodonris ieopomlinus Pellegrin, 1914 

Cyprinodontidae 
AplocheiIichrhys johnstonii (Giinther, 1893) 
AplocheiIicklhys hutereaui (Boulenger, 1913) 

Cichlidae 
Oreochromis rnacrochir (Boulenger, 1912) 
Oreochromis andersonii (Castelnau, 1861) 
Tilapia sparrmunif Smith, l840 
Tilupia rendulli rendalli (Boulenger, 1896) 
Titupin ruweli (Poll & Thys, 1965) 
Sermnochromis (Sargochmmis) giarrli pellegrin, 1904) 
Sermnochrornis (Sargochromis) codringtoni (Boulenger, 1908) 
Sermnochromis (Sargochromis) carloltae (Boulenger, 1905) 
Pharyn~ochromis dariingi (Boulenger, 1911) 
Sermnochromis (Sermnochromisj robustus jallae @oulenger, 1896) 
Sermnochrumis (Sermnochmmis) mucrocephalus (Boulenget, 1899) 
Semnochmmis (Sermochmmis~ longimanus (Boulenger, 1911) 
Sermnochromis (S~rronochromis) angusriceps (Boulenger, 1907) 
Serronochromis {Sermnochromis) lhumbergi (Castelnau, 1861) 
Beudocrenilubrus philander (Weber, 1897) 

(clariids and cichlids) to the nearest mm, mass (g), sex 
and gonad developmental stage (after Nikolsky, 1963). 
Stomach contents and ripe ovaries were preserved in 
4Vo formalin. Scales from the dorsal region below the 
dorsal fin or pectoraI spines (scaleless species) were 
stored in envelopes. A modified projector was used to 
read scaIes and an ordinary dissecting microscope to 
interpret rings on cross-sections of pectoral spines. 
Sections of 0,2-0,5mm thickness were cut with a 
hand held 25mm diameter carborundurn disk fitted to 
a dentist drill from the proximal end of the spine, 

COLLECTED IN 
GILI. NETS 

churchjll 
bulldog 
western bottlenose 

tigerfish 
striped robber 
Okavango robber 

African pike X 

dashtail barb 
straightfin barb 
copperstripe barb 
longbeard barb 
hyphen barb 
Barotse barb 
blackback barb 
Belra barb 
upjaw barb 
Upper Zambezi labeo 

sharptooth catfish 
blunttooth catfish 
snake catfish 

silver catfish 

spotted squeaker 
Upper Zambezi squeaker 
largespot squea ker 
leopard squeaker 

Johnston's topminnow 
trellised tovminnow 

greenhead tilapia 
threespat rilapia 
banded tilapia 
northern redbreast tilapia 
Okavango tilapia 
pink happy 
green happy 
rainbow happy 
Zambezi happy 
nernbwe 
purpleface largemouth 
longfin largemouth 
thin face largemouth 
brownspot largemouth 
southern mouthbrooder 

manyspined climbing perch X 



where the Iumen starts becoming closed. Glycerine 
and indirect light helped to obtain contrast (Gaigher, 
1969). A scale or section was read at least three times 
and discarded jf readings did not agree. 

Stomach contents were sorted into components in a 
petri dish and a rank value given to each item accord- 
ing to relative volume and frequency of occurrence. 

3 RESULTS 

3.1 Species  ana lysed  

The following 43 fish species were collected in Lake 
Liarnbezi o f  which 27 grow large enough to be caught 
in the experimental gill nets (25-190mm stretched 

mesh) and for which biologica1 data were collected. 
The smaller fish species are also of economic impor- 
tance and are widely caught by traps and baskets on 
the flood plains of the Zambezi, Chobe and Linyanti 
Rivers where they are used for consumption or dricd 
for barter on the cash market at Kaltima Mulilo. 

3.2 ~ e n g t  f r e q u e n c y  d i s t r i b u t i o n  

The Iength frequency distributions of all fish that were 
colIected with gill nets are represented in figure 2. As 
the nets used were of different lengths, a11 the results 
are expressed per 50m of hung net Iength (100m 
stretched). Apart from the small fish species, l? 
ca/ostoma, A. lateralis, B. poechir and P durlfngi, the 

H. odoe 

o l r r u  V .,A ..... . . . . a .  . . I . .  , . ,  . , l .  l .  . . . . U , .  , . . . , 
l0  20 30 40 

F I S H  F O R K  LENGTH,  cm 
FIGURE 2: Length frequency distribution of fish species collected in experimental gill nets (25-190 mm stretched mesh) in Lake Liarnbezi. 



BIOLDGY OF FlSHES OF LAKE LlhMBFZl 105 

C. gariepinus 

FIGURE 2b F I S H  F O R K  LENGTH,  cm 



0 ,O 8. Tr. rendalli 
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FISH F O R K  LENGTH,  cm 

FlGURE 2c 
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FIGURE 2d FISH 

series of gill nets covered the whole size range of most 
fish species and nets do aIso overlap sufficiently in 
their catching ability and size selectivity to be able t o  
catch a representative sample of the fish populations, 
provided there are no other factors affecting efficiency 
of gill nets (of which there are many, unfortunately) 
(Hamman, 1981). 
It was found in Lake Liambezi that gill nets might in- 
deed offer a more representative sample than seine net 
results, as many of the dominant smaller fish species 
in gill net catches were just not collected in the seine 
net catches (Table l), possibly as result of the be- 
haviour of these fish species and the limited area that 
could be sampled by seine nets (Van der Waal, 1980). 

Figure 2 shows that most fish species have a normal 
Iength frequency distribution but with a prominent 
Iack in numbers of smaller size groups, that cannot be 
attributed to small effort by smaller mesh gill nets as 
a11 gill nets were treated per unit Iength. This 
phenomenon will be further commented on under 
growth and reproduction, 

F O R K  L E N G T H ,  

peratures. The mean winter water temperature of Lake 
Liambezi (based on daily readings) during JuIy 1973 
and 1974 was 17,25'C and 18,3"C respectively. The 
hottest month in 1973 was November with a mean 
water temperature of 26,2"C and February 1975 with 
a mean water temperature of 27,4"C. The seasonal 
difference is thus nearly 10°C. In all fish species 
studied, clear checks could be identified on scales with 
typical overcutting and wider spaces between circuli 
on the outside annuli indicating a faster growth rate. 
On sections of pectoral spines clear rings could be 
identified. These checks and rings are accepted to 
represent annuli (Ricker, 1968; FAO, 1969; Batchelor, 
1974; Bruton and Allanson, 1974; Potgieter, 1974: 
Hecht, 1980) and the age of fish is indicated as 0+, 
l +, 2+ ecc where an annuIus or check indicates one 
winter. A fish of 1 + year group can thus be one or  two 
growth seasons old. Table 2 and figure 3 show that the 
growth rates in length of most fish species are higher 
during the young stages, and then decrease in older 
age groups. In aIrnost a13 fish species the growth rate 
decreases at maturity length as is shown in Table 3. 

3.3 Age a n d  g r o w t h  As soon as the fish reach sexual maturity, growth 
slows down as energy is then also spent on the produc- 

Caprivi lies we11 within the tropics but there are tion of ova and sperm as well as sexual behaviour. The 
marked difrerences between summer and winter tern- rapid growth of juveniles couId aIso be attributed to 



FISH F O R K  LENGTH, cm 
FIGURE 2e 

a response to predation pressure of .H vittatus as has 
been shown by Jackson (1961). It should also be noted 
that very few immature fish were collected with the ex- 
perimental series of gill nets {Figure ;L), reflecting 
different behaviour patterns in immature fish which 
prefer vegetated areas and seem to avoid open water 
where nets were set and where adult fish were caught. 

The only species where a relatively high growth rate is 
maintained in oIder age groups, are H. odok, C. 

gari~pinus and S. robusfus jaihe. These fish species 
also grow to a great length (see Figure 3). 0. ander- 
sonii and 0. macrochir reach Iengths comparable to 
that of H. odoe but take much longer. Based on maxi- 
mum age reached the fish species studied can be divi- 
ded into groups: fish with a reIatively high growth rate 
but short life span: H. odoe fish with a high growth 
rate and long life span: C goriepinus. Another group 
of fish have relatively slower growth but long 
Iife-span: 



TABLE I :  Percentage composition of seine and gill net catches in 
Lake Liambezi from Nov. 1973 to May 1975. 

TABLE 2: Length frequency distribution of year groups of  fish 
species collcctcd from Lake Liambezi. 

Fish species 

P. catosromu 
M. macrolepidorr~r 
M. lacerdo 
H .  v i~ tu i~ is  
H, odoe 
A. lareralrs 
B, poechii 
C. ~ar i~p inus  
C, n~amensis 
S. mysrlrs 
S. woosnami + 
S. impordin us 
S. macrosf yma 
S. n~gromacula~us 
D. macrochir 
0. undersonii 
T sparrmunii 
7. r. rendalli 
S. giardi 
S. codriwioni 
S,  carlo~rae 
P. darlirrai 
S. roblrsrus jallae 
S, mucrocephol~~s 
S, longitnunus 
S.  angusticeps 
S. rlrumbergr 
P. philander 

used 

Mean of gill 
net catches 

251%) mm mesh 

n = 15014 

11.6 
19.3 
0,02 
0,02 
2,Y 
2.1 
0.9 
k 7  
0.X 
32.9 
13.9 

2,h  
l , ]  
!,I 
1,3 
0,9 
0. R 
a 3  
0,9 
Q,] 
2 2  
0,02 
2.7 

0.9 
0.3 
- 

Seine ne1 
25 mm mesh 

n = 2157 

- 
- 

1.4 
7.3 
1 .g 
0. I 
0-1 
- 

- 
- 

16,6 
3 - 9  
5 ,Y  

15,3 
0,6 
2.2 
2 4  

3S,2 
0, I 
3,l 
1,5 
1.3 
1.1 

Collection gear 

7 Seine ner 
5 0  mm mesh 

n = h725 

- 
0.01 
- 

0,02 
3.6 
0.1 
0.1 
n.1 
0.2 
0. I 
0. I 

0,04 

65,6 
6 , h  
1,6 
7,1 
R 3  
3.4 
1 , 1  
4 8  
0.2 
3,s 
2,9 
I .B 
2.2 
- 



110 VAN DER WAAL 

TABLE 2 continued 

C. ngamensis 0. macrochir 
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TABLE 2 continued 

0. andersonii 
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TABLE 2 continued 

group cm 

10 
I I 
12 
13 
14 
l 5  
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1 
32 
33 
34 
35 

group 
Length 
group \ cm 



TABLE 2 continued 

qrouv 
Length 
group \ cm 

10 
I I 
12 
13 
14 
15  
I h 
67 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 I 
32 
33 
34 
35 

group cm 



TABLE 3: Lengths at which fish species of Lake Liambczi reach 
maturity. 

TABLE 4: Maximum lengths of fish species collected in Lake Li- 
ambezi compared with those of the Rarotse Flood Platn, FAO (1968, 
1969). 

Fish species 

M. mucrolepidolus 
H .  od# 
C.  goriepinu.~ 
C.  ngamensrs 
S.  mystus 
S.  woosnami 
S. mucrosrigma 
S.  nrgmmucvlatu.~ 
0. macmchir 
0. undersunii 
T spurrmanii 
T. r. rendalli 
S .  giardr 
S. codrrngtoni 
S. carloltae 
P. darlingt 
S.  macrocephalus 
S.  un~:usticeps 
S. longimunws 
S. lhumbergi 

M. macrolepidotus, and most cichlids with life-spans 
of up to 9-1- years, Fish with a shorter life-span and 
slow growth, incIude: C ngomensis, S. mystus and T 
sparrmanii. Due to insufficient data no conclusions 
can be reached on the other species in this respect. 

50percent 
of fish 

coIlected 

14 

Fish species 

Table 4 compares maximum lengths of Fish species 
collected in Lake Liarnbezi to those of the same spe- 

cies collected from the Barotse Flood Plain, Zambia, 
150krn north west of Caprivi, using a fleet of 
37-150mm stretched mesh gill nets (FAO, 1968, 1969). 
There is agreement for most species with the exception 
of C ngamensis, 0, macrochir, 0. andersonii, Ts. ren- 
daili, S. giardi and Sermnochrotnis (Sargochmmis) 
spp. which grow to a larger size on the Barotse Flood 
Plain. Observations on these species collected in the 
Zambezi River and its flood plains in Caprivi, sub- 

Min. 
length 
males 

13 

Lake Liarnbezi 
Max. length, cm 

Y E A R  G R O U P  

Barotse Flood 
Plain 

Max. length. cm 

FIGURE 3: Empirical growth curves of fish species (with span 
indicated) based on age determination$. 

Min. 
length 
females 

15 
27 
37 
39 
I6 
- 
- 
- 
20 
26 
10 
14 
17 
16 
12 
8 

15 
18 
15 
L7 

- 
26 
41 
66 
40 
- 
- 
l00 
74 
29 

25 
- 
31 
48 
50 
22 
40 
48 
32 
34 
- 
45 
43 
- 

4R 
- 

P cafostema 
M. mucrolepidotus 
M. W.acerda 
H, vittarrus 
H odoe 
d .  Iutemlis 
B. pwchii 
C gariepinus 
C. ngumensis 
S. mysfus 
S. woosnumi + 
S. Iwpardinus 1 
S. macmsfigrno 
S. nigromaculatus 
0. macrochir 
0. arrdersonii 
7: sparrmanii 
7: r. ~ n d u l l i  
S, giardi 
S, codringloni 
S. curloiiae 
F! durlingi 
S. robustus jallae 
S. macmcephaius 
S. Iongimunus 
S. angusliceps 
S. lhumbergi 

Max. 
immature 

length 

15 
20 
30 
30 
14 
14 
13 

< 16 
15 
26 
8 

13 
18 
14 
10 
7 

14 
18 
14 
15 

l8 
27 
35 
12 

< 14 
< 13 
< I6 

14 
16 
7 

11 
15 
13 
12 
8 

13 
l 7  
14 
14 

12 
29 
42 
64 
47 
12 
11 

120 
59 
33 

28 
24 
28 
39 
43 
19 
32 
31 
28 
26 
1 1  
32 
33 
31 
41 
33 

27 
37 
38 
I R 
- 
- 

20 
21 
I5 
17 
1R 
22 
16 
10 
20 
22 
20 
21 
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Y E A R  G R O U P  

YEAR G R O U P  

FIGURE 3b FIGURE 3c 



I S. robustus jaZlae 

Y E A R  G R O U P  

Y E A R  G R O U P  

FIGURE 3e 





TABLE 5 cont. 

Age 
Group 

0 + 

1 + 

2 + 

3 + 

4 + 

5 + 

6 + 

7 + 

8 + 

9 + 

sex 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

M 
F 

P 
S 

e W 
2 5 c 

19,78 
18,OO 

22,OO 
26,OO 

28,75 
28,15 

31,89 
30,21 

34,84 
33,86 

36,44 
36,50 

37,69 

38,80 

- 

9 
2 

3 
3 

62 
94 

82 
28 

56 
7 

34 
2 

13 

5 

- 

P 
a 

e R 
a 5 2. 
h. 

- 
29,67 

32,22 
31,13 

34,29 
32,79 

36,58 
35,08 

3934 
38,33 

41,OO 
41,OO 

42,20 
- 

43,OO 
- 

g 

- 

3 

18 
46 

48 
38 

40 
25 

46 
6 

22 
1 

5 

1 
- 

7 
6 

e 2 
3 5 f. 

7 
Y 

5 2 

3 g 
1 3 

13,75 4 

15,20 10 
15,OO 1 

16,50 10 
22,OO 3 

23,OO 21 
24,l l  27 

25,75 36 
25,05 38 

27,43 21 
26,33 9 

29,43 7 
28,17 6 

32,OO 4 
31,OO 1 

- 

- - 

- - 

-. 

- 

12,OO 
8,87 

13,OO 
12,17 

14,88 
14,50 

16,30 
15,86 

17,75 
18,OO 

- 

- 

9 

- 

1 
3 

4 
6 

16 
4 

10 
7 

4 
1 

- 

- 

Fish 

In 
0 

? e 

5 3  5 5 
S. 2 

- 

14,OO 

18,OO 
18,OO 

20,OO 
21,06 

24,43 
24,OO 

26,05 
25,23 

26,75 
27,25 

28,50 
28,OO 

- 

- 

2 

3 
5 

7 
16 

23 
30 

20 
26 

4 
4 

2 
1 

- 

species 

In 
r, 

e 2 2 
5 B 

- 

12,20 
13,50 

13,86 
13,75 

16,OO 
14,OO 

17,OO 
21,OO 

20,20 

22,67 
- 

- 

- 

- 

2 

5 
2 

7 
4 

5 
3 

2 
1 

5 

3 

- 

- 

In 
3 
W a 

e 5 5 9 5 
E 

- 

18,40 
21,OO 

23,OO 
22,OO 

26,24 
24,68 

27,96 
26,33 

29,69 
29,29 

30,43 

- 
- 

32,OO 

2 

5 
4 

7 
3 

25 
31 

45 
18 

29 
7 

7 

- 

1 

- 

I/, 

s 
0s 

S .  J 
S 

3 5 E 
- 

17,50 
17,17 

19,14 
19,17 

21,20 
20,77 

24,30 
24,OO 

25,86 
27,OO 

28,OO 

30,OO 

- 

4 
6 

7 
24 

10 
13 

10 
12 

7 
3 

1 
- 

1 
- 

- 

- 

io 
a 
0s 

e 
G 5, 

g 5 

20,25 
- 

25,OO 
22,67 

28,20 
27,77 

31,60 
30,21 

32,OO 
32,67 

34,50 
33,50 

- 
35,OO 

41,OO 

.h 

S 
J S 

%' 5 
0- 3. 

- 

4 
- 

5 
3 

5 
13 

15 
24 

7 
9 

2 
2 

3 

1 
- 

- 

18,33 
18,80 

21,25 
21,80 

25,20 
26,25 

30,62 
29,83 

31,75 
30,50 

32,OO 

- 

- 

15 
5 

16 
10 

5 
12 

13 
6 

3 
4 

1 

- 

- 



M. macro lep ido t us 

C. g ariep in us 

4 0 5 0 60 
F I S H  FORK LENGTH, cm 

FIGURE 4: Length frequenq distribution for males and females of fish species collected with gill and seine nets in Lake Liambezi. 
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F I S H  F O R K  L E N G T H ,  cm 

FIGURE 4b 
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F I S H  F O R K  L E N G T H ,  cm 

FIGURE 4c 
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20 30 

F I S H  F O R K  L E N G T H ,  cm 

FIGURE 4d 

more abundant in larger length groups of a popuIa- 
tion, the faster growing sex also lives to a higher age, 
for instance H. odog, 0. macrochic 0. andersonii, S. 
carlottae, S. macrocephalus and S. longimanus (figure 
3 and Table 5). 

3.4 Rep roduc t i on  

3.4.1 Sex ratio 

Table 6 shows that species in which mature fish of one 
sex grow faster andJor reach a higher age, generally 
reflect a sex ratio in favour of that sex e.g. H. odoe, S. 
mystus, Synodontis spp., Or~ochrornis s pp. and S. 
carloilae. In general these findings agree with those of 
Carey and Bell-Cross (1967) on the same fish species 
on the Kafue Flood Plain. Exceptions as with C 
gariepinus may be the result of the small samples 
available. The sex ratio for M. mucroSepidotus in both 
Lake Liarnbezi and Kafue Flood Plain does not follow 
the expected trend where males show a slightly higher 
growth rate (Table 5) and form the majority of larger 
fish of the population (Figure 4). 

3.4.2 Size at maturity 

The lengths at which 50 per cent maturity is reached, 
are summarised in Table 3. It is known that different 
populations of the same fish species exhibit varying 
growth rates and linked with this, lengths at which 
maturity is reached. For instance, the following mini- 
mum lengths are quoted for 0. macrochir : 14 cm 
(Charpy, 1954, in ponds), 18 cm (Anon, 1965, Lake 
Mweru) and 23 cm (Wuet, 1936, Katanga). 

Lake Liarnbezi fish of this species start maturing only 
at 23cm. 

Some pubIished minimum lengths for female C. 
gariepinus are as follows (in cm): 20 (Lake Sibaya 
(Bruton, 1979), 28 (Lake McIlwaine (Clay, 1977), 30 
(Elands River (Van der Waal, 1972)), 38 (Mazoe Dam, 
(Van der Lingen, 1965)), 39 (Lake Mcllwaine, (Munro, 
1965)), 44 (Lake Kariba, (Bowmaker, 1973)), 45 (Vaal 
River, (Mulder, 1971)) and 65 (Hardap Dam, (Gaigher, 
1977)). As Gaigher (1977) states, the length reached 
when sexual maturity is reached, may reflect the 
favourability of environmental conditions and could 
possibly be used as a management tool in fisheries. 

3.4.3 Spawning season and sites 

Morrnyrids 

AI1 have a short breeding season commencing at the 
beginning of the rainy season and may thus be stimu- 
lated to spawn by floods. Spent P calostorna were col- 
Iected in ApriI and M. rnacroIepidotus in March to 
July (figure S}. 



No signs of a spawning migration as observed in the 
Kafue Gorge (Anon, 1965), were observed in Lake 
Liambezi. The very limited information on M, ilacerdu 
indicates a spawning season in midsummer. Ripe fish 
have been collected in Rarotseland as early as Novem- 
ber (FAO, 1968). 

Characids 

Only a few H. vitlulus were collected of which some 
were ripe in December. The scarcity of this fish in Lake 
Liambezi (0,02 per cent of experimental catches) is 
ascribed to unsuitabIe breeding conditions (Kenmuir, 
1973) as the lake starts rising only late in the rainy sea- 
son. The collection of two specimens of 17cm in Lake 
Liarnbezi four years after the last possible irnmigra- 
tion of tiger fish from the Zambezi Flood Plain into 
Lake Liambezi, indicates that some successful breed- 
ing might however take place in the lake. A. laremtis 
breeds in November and December and spent females 
were collected in December and February. It does not 
seem dependent on floods for spawning as is also illus- 
trated by the hepsedd, H. odoe. 

H. odoe has a long breeding season extending from 
September to January - February with a peak in 
November - December. This fish may not be depen- 
dent on floods for spawning and is a multiple spawner 
as eggs of different sizes were found in ripe females. 

Clariids 

The spawning season is closeIy correlated to the rainy 
season in both species. C. guriepinus spawns mainly in 

January and March and C ngamensis in November - 
December. Spawning migrations of both species into 
temporary rain-water drainage channels were ob- 
served. C gariepinus migrated out of the Iake as far as 
3 km into shallow grassy vlcis. Migrations were ob- 
served after heavy downpours on 13 December 1973, 
20 December I974 and 24 January 1975. 

These fish may spawn more than once per season as 
ripe ovaries often contained eggs of different size 
classes (Bruton, 1980). 

Schilbelds 

S. rnysrus obviously spawns from November to April 
with ripe running females being most abundant in 
January and February. Eingerlings of 30 mm length 
were collected in the Zambezi River in March. There 
seems to be one spawning per year and eggs in ripe 
ovaries were of uniform size 

Mochokids 

All four species occurring in Lake Liambezi breed late 
in summer. Ripe running females were collected from 
February to April and spent females from April to Au- 
gust. Young S. woosnami of 20 mm length were col- 
lected in the Zambezi River in April. No difference 
could be found between spawning seasons of the four 
Synodontis species. Ripe ovaries contained eggs of 
similar size. 

TABLE h: Sex ratios of fish species collected with gill and seine nets in Lake Liambezi and on Kafue Flood Plains* 

* From Carey and Bell-Cross, 1967. 

Fish species 

M. macrolepidotus 
M. lucem'a 
If. odoe 
A. IaremIis 
C. guriepinus 
C ngamensis 
S mysrus 
S, woosnami + 
S. leoplrrdrnus 1 
S. macrosiigma 
S. nigmmacuIams 
0. macmhir 
0. andersonii 
T: sparrmanii 
I: r, rendallr 
S, giardi 
S codringroni 
S. car10 f tae 
S. rob~tsrus jallae 
S. macrocephalus 
S. li.ongimonlrs 
S. angust iceps 
S. thuml~ergi 

Kafue Flcod 

Sex ratio 

m:f 

1:1,5 
- 

1:1,4 
1:6,4 
1:O,S 
1:0,6 
1:1,2 

- 
1:3,0 
- 
- 
- 

1:0,9 
- 

- 
- 

1:0,6 
- 

1:O,S 
- 

Males 

n To 

81 9 49 
2 40 

121 29 
L 

107 48 
108 65 
595 27 

521 34 
111  26 
23 16 

1120 61 
350 61 
194 64 
375 59 

34 43 
157 45 
46 SS 
14 74 

393 61 
120 43 
105 37 
91 52 

Plains* 

n 

824 
- 

1853 
2395 

36 
2t 

1607 

- 
1068 

1260 

- 

- 
- 
33 

281 

Lake Liambezi 

Females 

n To 

848 51 
5 60 

303 41 

118 52 
59 35 

1579 73 

1029 66 
312 74 
118 84 
707 39 
223 39 
1119 36 
266 41 
45 57 

190 55 
34 42 

5 26 

Sex ratio 

m: f 

!:l,O 
1:2,5 
1:2,5 

1:1,1 
1:0,6 
1:2,7 

1:2,0 
1:2,8 
1:5.1 
1:0,6 
1:0,6 
1:0,6 
1:0,7 
1:1,3 
1:1,2 
1:0,7 
1:0,4 

255 39 
158 57 
178 h3 
84 48 

1 :0,7 
1:1,3 
1:1,7 
1:0,9 
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FIGURE 5:  Gonad development of fish species in Lake Liambed. 
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Cichlids 

Members of this family, renowned for its progressive 
breeding habits, art  not dependent on stimuli like 
flooding or rain-water, but other factors such as water 
temperature and day length (Mortimer, 1960; Fryer 
and Iles, 1972). In Lake Liambezi this is borne out in 
many species where spawning takes place before and 
after the rainy season. 0. rnucrochir shows a very long 
breeding season with ripe femaIes found from August 
to March but with a clear peak in November - De- 
cember. 

Nests of O. macrochir were observed in shallower 
parts (1-2m) of Lake Liambezi both on sandy and 
muddy substrates. Underwater observations in one of 
the channels leading into the lake, Chinchimane 
Channel, showed that its nest consists of a conically 
shaped heap with a diameter of up to more than Irn 
at the bottom and 50cm high with a saucer-shaped 
cleaned depression of 20cm diameter on top. A circu- 
lar canal is formed around the nest by the removal of 
material for construction. This pattern of nest build- 
ing differs from the star-shaped pattern found in Lake 
Mwesu (Congo System (Anon, 1965a)) but is similar 
to that found in popuIations from the Kafue River 
(Mortimer, 1960). However, populations of the =ire 
(Congo) River and Upper Zambezi - Kafue Rivers 
may be different on subspecies or wen species Ievel 
(Fryer and IIes, 1972). Throughout the breeding sea- 
son femaIes with eggs in two or three size classes were 
collected; females incubating eggs often had complete- 
ly developed eggs in their ovaries. De Bont (1949) in 
Mortimer (1960) and Mortimer (1960) state that 0. 
macrochir spawns up to six times per year if water 
temperatures stay above 21°C. In Lake Liambezi mini- 
mum water temperatures were above 21°C from Sep- 
tember to March - April (Seaman et al, 1978). 

In contrast with 0. macrochir, O. andersonii females 
contained ripe ovaries onIy in November, December 
and March and spent females were collected in Decem- 
ber - February and in April - May. It may thus have 
a main spawning season early in the summer (as on 
the Barotse Flood Plain (FAO, 1969)) with a smaller 
second spawning in the end of the summer. Ovaries 
did not contain eggs of varying sizes as with 0. macro- 
chir. Mortimer (1960) found that it spawns once or  
twice per year in Zambian fish-ponds. 

Few T sparrmanii with ripe ovaries were collected but 
data point to a spawning season in early summer. The 
absence of ripe male and female fish in samples may 
be due to the breeding habits of this fish species. Ac- 
cording to Bruton (1979a) both parents incubate and 
protect eggs and young at the nesting site in shallow 
water amongst aquatic vegetation for up to six weeks 
and were thus not vulnerable to giIl nets set in open 
water. 

The same trends were observed for TK rendalli where 
ripe females were collected in very low frequencies 

from November to March. Ovaries of T.K rendaJli con- 
tained eggs in varying stages of development. Nests in 
use were observed on the edge of the Zambezi Flood 
Plain in March-April and as earIy as in August on the 
flood plain of the Kwando River, showing rernarkabIe 
adaptation to utiIise advantageous conditions. 

Nests of TI: rendalli were observed in the Chinchi- 
mane Channel, western bays of the lake and on flood 
plains of the Kwando and Zambezi. They consisted of 
a cIeaned area of 50 to l2Ocm diameter, usually be- 
tween Phragmifes stolons, water plants or  inundated 
grass tufts in water 50-300cm deep, usually on stabi- 
Iised sandy soil, In the centre of the nest from seven 
up to 20 holes often lOcm in diameter and five to 5Ocm 
deep are made (blown). It was observed several times 
that both parents participate in protecting and clean- 
ing eggs and Iarvae which are reguIarIy transferred 
from one hole to the other (especially when disturbed) 
(Fryer and Iles, 1972). 

Ripe running females of S. giardi were collected from 
October to December - January and males were ac- 
tive till March. Nests observed in the Chinchimane 
Channel consisted of round or oval Ievel cleaned areas 
of 20 to 30cm diameter amongst thick submerged 
vegetation (Ortellia, Cemtophyllum, Najas) in water 
3m deep, and were guarded by territoria1 males. 

S. codringtoni has a long spawning season from Sep- 
tember to March. It is also a mouth brooder and con- 
structs a simple nest similar to that of S. giardi. Eggs 
of varying size were found in ripe ovaries and it may 
thus spawn more than once per year. No ripe running 
females of S. carlottae were colIected during the sur- 
vey. Ovaries start to develop in August and spent fe- 
males were collected in January. Underwater 
observations in the Chinchimane Channel showed that 
S. carlottae males are territoria1, as are other Ser- 
ranochromis, and make a small saucer-shaped nest 
amongst water-plants. 

Few specimens of S. sobustus were collected. Ripe fe- 
males were collected in January and March and ripe 
males in November to January and April. 

Males in the typicaI bottle green spawning dress with 
bright orange-yellow dorsal fins and egg dummy 
marks were collected with artificial lures in Lake 
Liambezi as early as August. Nests guarded by ter- 
ritorial males were observed amongst dense sub- 
merged vegetation and Phragmites in shallow water of 
only 40cm. The nest is a simpIe cleaned saucer-shaped 
area of 30cm on sandy substrate. As with Serranochro- 
mix (Sargochmmis) species, all Sermnochromis males 
show clear spots or "egg dummies" on the anal fins 
during the spawning season, varying in size and colour 
from species to species, those of S. robustus and S. an- 
gusticeps being bright yellow, of S. giardi pink, S. 
macrocephalus bright red and S. Jongimanus orange. 
Et was observed by Pott and Le Roux (1968) that the 



female: S. meridianus actually nibbles at the anal fin of lected from July to April and spent females from 
the male after she has taken up eggs in her mouth, March to May. 
thereby probably stimulating the male to fertilise the 
eggs in the female's buccal cavity. S. rnacrocephalus 
breeds from October to March. Spent females were 
collected in March and April and ripe males as early 
as August up to as late as June. As with most CichIids 
studied in Lake Liambezi, all mature females are never 
simultaneously in a ripe running condition as was the 

In both seasons that were studied, no ripe females 
were collected in February. Territorial males were ob- 
served in the Chinchimane Channel, defending nests 
consisting of small sandy open spaces in submerged 
hydrophyte beds at depths of 1-3m. 

case in eg. M. m~crole~idorus, C ngamensis and Syn- 
~danlis sPP. The close1~ related 3. iongimanus (Jubb, Ripe females of S, thumbergi were collected in Novem- 
1%7) breeds from November to March and ovaries of ber to January and also from June to January during 
ripe females contained eggs of varying sizes. the two seasons studied, whilst ripe males were collect- 

ed more or Iess throughout the year. Territorial males 
S. angusticeps has an extremely long breeding season in breeding colours were collected with artificial lures 
in Lake Liarnbezi with females in ripe condition col- in midwinter in sandy bays where the water is 1-2m 

TABLE 7: Egg counts of ripe females of fish species from take Liarnbezi, Kafue River (Cam and Bell-Cross. t%7) and Bangweulu (Anon, 
1964). 

Bangweulu 

Average 
count 

3040 

-- 

5832 

83423 

13481 l 

21983 

Kafue River 
I Lake 

Fish species and Flood Plain 
Lake Liambezi 

Length (m) 

M. macrolepidotus 
19 
23 
25 

2 800 
8 176 
6 300 6 800 

M. Iacerda 
39 
40 
41 
42 

H. odod 

32 
33 
38 

C. gariepin 11s 

C. ngamensis 

41 
43 
45 

S. mys1u.s 

24 
26 
27 
29 
30 

S. woosnumi and 
leopardinus 
21 
22 
23 
26 
28 

S. mucmligrna 
14 

S. nigromacula~us 
21 
22 
26 

10 

4 149 
3 788 
3 063 
7 236 

175 
1378  1599 
1 086 

- 

67 208 
17 427 
87 663 

38 500 
42 5 0 0  
67 5 0 0  

1 600 27 500 
102 000 

25 5 0 0  29 500 32 000 
26000 46000 46500 46500 55 000 
12 000 24 50a 25 503 35 500 47 OM] 

87 000 
66 5 0 0  

45 000 

15 5 0 0  
62 5 0 0  
16 OIK) 

5336 4 

3 

9 

1 

9 

2 6M1 

I 

3 11 522 

8 13909 
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TABLE 7 continued 

TABLE 8: Food habits of f! catmlomo, M. mucroIepidofus and M. Iacerdu in Lake Liambezi. 

Fish species 
Length (cm) 

S. macrochir 
25 
26 
27 
28 
29 
31 
32 
33 

Lake Liarnbezi 

Food item 

S. ersdersonii 
31 

T. rx. rendalli 

T. sparrmlrnii 

Fish material - 1 1  0,s - - 
Terrestrial insects 7 2 S  - - 
Odonatc nymphs 3 5 6,O 3 50 
Ephemeropteran nymphs 1 2 64,s 2 SO 
Chirononomid larvae 4 1 SO,$ 1 100 
Chaoborus larvae 2 3 20,2 - - 
Other water insects S S 5-3 - - 
Hydracarina - 1 1  0.5 - - 
Cmidina nilorico - 10 R 7  - - 
Ostracods - 4 19,3 - - 
Plant tissue - 6 9,g - - 
Detritus - 9 2,s - - 
Number of sfamachs inspected 7 156 2 

Lake Bangweulu 

Average 
count 

Kafue River 

2375 
all eggs? 

12613 
all eggs? 

P. calosloma 

and 

n 

976 

- 

- 

31 

Rank in 
relative 

% volume 

Flood Plain 

Average 
counl 

469 

522 545 
656 669 
187 398 681 S14 1 223 
398 440 490 599 
297 301 418 435 527 589 
411 549 695 764 856 l010 

2 

2 

3 

2 

I 

579 

S. codringtoni 
23 
24 
25 
26 
27 

S. robustus 

Percentage 
frequency 

M. macrolepidoms 

492 

1 518 

567 
(Mortimer 

1960) 

1486 
all eggs? l 

Rank in 
relative 

To volume 

M. Iacerda 

1 

369 
I 209 347 434 470 500 

479 
314 
253 5 9 0  

Percentage 
frequency 

Rank in 
relative 

% volume 

I I 

' 

l l  
~' 

Percentage 
frequency 

785 

I 

1 1  

1 1  ~~ 
3 

S. macrocephalrrs 
25 

8 

---p 

330 398 

3 

10 

2 

291 

286 

3 

334 

575 

775 

27 1 839 

S. angtlsticeps 

27 
28 
29 
30 
31 
32 
33 
34 

47 1 
536 
488 
995 
907 
398 984 
653 
615 711 

S. thumbergi 
28 
30 

S. longimanus 
24 

407 
329 601 

311 492 
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TABLE 11: Food habits of C. gariepinus and C rrgamensis in Lake Liambezi. 

TABLE 12: Food habits of 371 adult S. mystm during seasons in Lake Liambezi. 

C. ngumeis  

Rank as Percentage 
To volume occurrence 

1 41 
- - 
2 28 
4 28 
5 28 

13 3 
8 13 
9 9 
6 19 
9 3 
9 3 

12 6 
3 24 
- - 
7 6 

Fish species 1 C. goriepinus 

Food item 

Rank as To volume Percentage occurrence 

Season E C C C 

3 P 
m 

W 
m E 

E m 
2 E: = 2 E  

r : . C : 3 -  .- C F  . F  ' 2  $ , Z $ ! . S  L ? g  
2 

.- 2 . -  2 - 5 2  0 - 5 - 4 % - *  
G 5 5 S 6  5 L - 3 s i G  
Z S Z E ?  u p $ Z  g 3 5  g 
S ii;$d I ~ I I  " I I , ~ I I I ~  S 

Food item g 4  4 z ~ z I B ~  4 

Rank as Percentage 
% volume occurrence 

Fish material 
Vertebrates 
MOIIUSCS 

Terrestrial insects 
Odonate nymphs and hemipterans 
Ephemeropteran nymphs 
Chironomid larvae 
Chuoboms larvae 
Curidina nilotica 
Ostracods 
Algae 
Plant tissue 
Detritus 

32 NO. of stomachs inspected 

* Fish material 
Rodentia - Murids 
Molluscs 
Terrestrial insects 
Odonate nymphs 

30 

I 1  1 1  1 1 1  
- - 1 1 6  6 8 -  
- - 12 - 10 9 - 
- 2 2 4  2 5 2  
4 4  7 5  5 3 -  
2 3  5 6  4 4 -  
6 6 3 -  9 9 - 
- L 1 0 6 - - -  
3 4 4 2 3 2 3 
- L 1 2 - 1 0 - -  
- - - - 1 0 -  4 
5 - 8 3  7 7 4  
- - 9 9  8 6 -  

1 63 
7 3 

10 7 
4 10 
8 7 

* Analysis of fish material 

Fish species 

Non-cichIid totat 

B. poechii 
H. odoe 
S. mysrus 
Indet. 
Cichlid total 

0. macrochit 
T. r. rendulli 
Tilapia spp. 
S. codringtoni 
P. darlingi 
Serranochromis spp. 
Inder. 

Digested 

No. of stomachs inspected 14 13 108 43 108 48 37 

1 
8 

10 
3 
5 
4 
7 

12 
2 

13 
11 
6 
9 

Ephemeropteran nymphs 
Chironomid larvae 
Choobom larvae 
Curiditto nilotica 
Poromon sp. 
Ostracods and Copepods 
UnicelEular and filamentous algae 
Nymphoea seeds 
Plant tissue 
Detritus 

I 

- - 
I 1 3 
- - 
9 9 
- - 

2 23 
4 13 
- - 
3 20 
6 r 3 

10 

57 46 39 81 57 75 86 
- -  Z 2 5 4 -  
- - 2 - 1 2 -  
- 69 34 12 36 I7 14 
14 8 20 9 l0 19 - 
40 15 22 S 17 I5 - 
14 8 18 - 2 2 - 
- - 4 2 - - -  
50 8  27 16 22 35 8 
- -  2 - I - -  
- - - -  l -  3 
14 - 8 16 6 S 3 
- -  5 2  4 6 -  

16 

63,0 
1,9 
0,7 

26,6 
11,4 
17,7 
6.3 
0,9 
23,7 
0,4 
0,6 
7,9 
2,4 

- 
- 

5 
S 

8 
8 
- 

80 

16 
I I 
5 
5 

11 
- 
32 

10 

50 

- 
- 
17 
- 
25 

R 
- 
34 



bly A. lateralis in conjunction with a shoal of very ac- 
tive C. ngamensis which were slowly moving in one 
direction whilst the birds stayed in front of them 
amongst the prey fish, only surfacing to swallow their 
prey. 
The prey-predator size ratio was found to vary from 10 
to 30 per cent in C gariepinus. A whole specimen of 
S. macrochir with a total Iength of 30cm was found in 
a C guriepinus of 100cm. Prey fish of 14, 16 and 
18cm in length were also found but most fish ingested 
were 8-12cm long. Small cichlids form the majority 
of fish prey eaten by C guriepinus and C. ngamensis. 

Schilbeids 

Results of stomach content anaIyses are presented in 
Table 12. Adult S. myslus feed predominantly on fish, 
Caridinu nilotica, terrestrial insects and larger aquatic 
insects but are opportunistic predators as is shown 
by the large variety of food items consumed. Ver- 
tebrate remains found in S. myslus stomachs incIude 
Rana, snake skin and bird skin and feathers. Rrrestri- 
al arthropods incIude members of Orthoptera, 
Lepidoptera, Hemiptera, Coleoptera, Isoptera, 
Hymenoptera and also some arachnids. No clear 

TABLE 13: Composition of prey fish ingested by 221 adult 
S. mysfus in Lake Liambezi. 

Fish spccies Percentage occurrence 

A. lateralis $ ,h  
B, goechii 1,o 
Barbus sp. 3-5 
C. guriepinus 1-0 
C, thwdorae 0,s 
Synodont is spp. O S  
Indet. 5.1 

Non-cichlid total 20.2 

0. macrochir 
T. sparrmanii 
Tilapiu indet. 
P. darlfngi 
S, rhum bergi 
Serronochromis spp. 
Indet 
-- 

Cichlid total 3 1 4  

Digested 48,s 

TABLE 14: Food habits of E0 - 14 cm long S. mysftrs in Lake 
Liambezi. 

seasonal change in feeding habits is wident. The com- 
position of prey fish is represented in Table 13. About 
half of identifiable fish remains consisted of small 
cichlids. SrnaIler fish species such as Barbus spp., A. 
lateralis and I! darlingi of 4-10cm length form the 
main fish prey but prey of up to 13cm was collected in 
stomach contents, with a prey-predator length ratio of 
up to 30 per cent, which is Iower than the 40 per cent 
mentioned by Carey (1971) of S. mysfus from the 
Kafue River where M. macrolepidotus, A, lateraJisJ L. 
cylindricus, C gariepinm and S. macrostigma form 
the main prey species. 

Table 14 shows that terrestrial insects and smaller 
aquatic insects are the main food items utilised by im- 
mature S. mystus. This coincides with the results of 
Olatunde (1979). 

Percentage 
occurrence 

I7 
SS 

6 
30 
38 
9 

11 
2 

53 

Food item Rank as 
% volume 

The food habits of S. mystus in Lake Liambezi are 
similar to those of the closely related Eulropius 
depressirostris which feeds on fish, insects, plant 
material and crustaceans in the Transvaal (Gaigher, 
1968; Potgieter, 1974). 

Fish material 
Terrestrial insects 
Hmipterans and 
odonates 
Ephemeropteran nymphs 
Chironomid larvae 
Chaobom larvae 
Caridina nilolica 
Plant tissue 

No. of stomachs inspected 

Mochokids 

4 
1 

6 
3 
2 
7 
5 
8 

The stomach content composition of S. woosnumi/S. 
leopardinus and S. macrostigma (Table 15) showed 
considerable similarities. These fish feed mainly on 
ephemeropteran nymphs, chironornid larvae, os- 
tracods and plant tissue, whilst S. nigrornacuIatus 
stomachs contained predominantly fish material, 
chironomids, Chaobonrs, odonate nymphs, terrestrial 
insects and plant tissue. 

Fish material found in stomachs of S. woosna: 
mi/S. Ieopamlinus and S. macrostigma consisted of 
one A. latemlis, fish scales and also pieces of fish 
flesh. S. nigrom~culatus stomachs contained fish 
scales [45%), larvae and eggs of cichIids (330Jo), C 
multispinis (IlVo) and digested fish material (11%). It 
is not known how cichlid eggs and larvae (up to 1000 
in one stomach!) were collected as cicblids incubate 
orally or guard eggs and larvae in nests (the fish were 
collected in n gill net). S. nigmmaculatus is more om- 
nivorous in feeding habits and shows a tendency to uti- 
lise larger food items than the other Synodoniis, like 
odonate nymphs and the active Chaoboms larvae. 

The food habits of S. nigronuculatus differ from the 
other three species, where very littIe variation was 
found. Morphologically it is also separated from the 
other species (Jubb, 1967), which are so cIosely related 
that S. leopardinus and S. woosnami had to be 
lumped together in the field. 

On the Barotse Flood Plain S. woosnami was found to 
live on plants, detritus, snails, insects and aIgae (FAO, 
1968) which differs from the present results in that 
aquatic insects and ostracods did not form important 
food items.'Environmental differences and availability 
of food items may play a role here. The same 
phenomenon was found for M. macrolepidotus. 
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TABLE 15: Food habits of Synodontis species in Lake Liambezi. 

TABLE 16: Food composition of 136 S. woosnami and leopwdinus during seasons. 

Fish species S. wo~snami and leopardinus 

Table 16 shows seasonal variation in the stomach con- 
tent of  S. woosnami and leopardinus. As with M. 
macrolepidotus, a decline in the importance of 
chironomids together with an increase in the intake of 
ephemeropterans occurred over the study period, 
which can again be linked to raised water levels (figure 
6). 

Cichlids 
Representatives of this family show a wide range of 
feeders, including herbivores, fiIter feeders and preda- 
tors, although not as specialised as cichlids from Lakes 
Victoria and Malawi (Fryer and Iles, 1972). 

0. mucrochir 
The stomach contents of 0. rnacrochir consist mainly 
of small and unrecognisable items and are difficuIt to 

S, rnacrmiigma 

Rank as To 
% volumc occurrence 

8 7 
- - 
10 4 

T 15 
2 70 
1 89 
8 7 
- - 
11 4 
3 37 
5 7 
4 19 
- - 

B I l 

27 

Food item 

Fish material 
lWolluscs 
Terreslrial insects 
Odonate nymphs 
Ephemeropteran nymphs 
Chironomid larvae 
Chaoboms larvae 
Other water insects 
Cai-idina nilorica 
Ostracods and Cladocerans 
Filarnenrous algae 
Plant tissue 
Plant seeds 
Detritus 

No. of stomachs inspected 

Rank as % v o l u m ~  % occurrence 

E 

Food item 

sort or analyse under an ordinary stereo-microscope. 
Detritus or finely divided organic material (with bac- 
teria, protozoans, etc.) forms the main food item of 
adult and young 0. macrochic followed closely by 
blue-greens, diatoms and other algae (Table 17). Plant 
material, consisting of dead material and mots, is also 
ingested throughout the year. Cladocerans and aquatic 
insects are utilised to a lesser extent and a partly 
digested small cichlid and fish scales were also found 
in 0. macrochir stomachs. Young (9-14cm) fish food 
habits are basically similar to those of adults. Very 
young fish do however f e d  on zooplankton (see also 
Le Roux, 1956), The feeding habits of 0. macrochir 
are comparable to those on the Barotse Plains (FAO, 
1969) and in Lake Mweru (Anon, 1965a) where i t  was 
found that food particle size increases with fish size. 

S. nigromlrculaius 

Rank as To 
% volume occurrence 

t 53 
8 12 
6 24 
4 35 
5 24 
2 47 
3 41 
- 
l0  B 
8 6 
- 

7 24 
- - 
- - 

17 

Rank as To 
% volume occurrence - 

8 6-3 
7 3,7 

13 3,3 
9 5.8 
1 51.5 
2 70.8 
6 13.0 

12 0.8 
12 1,o 
3 30,3 
4 27,O 
- - 

5 25,O 
I I 7,7 

136 

Fish material 
Molluscs 
Terrestrial insects 
Odonate nymphs 
Ephemeropteran nymphs 
Chironomid larvae 
Chaoborus larvae 
Other water infiects 
Caridina niloiica 
Ostracods 
Filamentous algae 
Plant seeds 
Detritus 

No. of stomachs inspected 

4 - -  10 - 4 
- - 6 5 - -  
5 8 -  10 - - 
7 - -  8 4 -  
3 3 1  1 1 4  
1 1 2 2 2 6  
2 7 7 - - -  
7 - - - - -  
- - - 7 - - 
- 4 4 3 -  3 
- 2 3 6 3 1  
S 5 5  4 5 2  
7 6 -  9 5 - 

8 
7 

10 
9 
1 
2 
6 

12 
12 
3 
4 

1 6 - -  2 - 20 
- -  14 S - -  
11 7 - 2 - -  
5 - - 5 25 - 
37 33 72 72 75 20 
84 87 69 70 75 40 
4 8 1 3  7 - -  

S - - - - -  
- - -  h - -  
- 53 38 31 - 60 
- 47 24 h 25 60 

6,3 
3.7 
393 
5,8  

51.5 
70.8 
13,O 
0,s 
170 

30,3 
27,O 
25,O 

7,'1 
5 

11 
11 40 17 17 25 40 

5 13 - 3 25 - 
19 15 29 64 4 5 
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FIGURE 6: Water levels of Lake Liambezi during study period. 

TABLE 17: Food habits of 287 large and 74 small 0. rnachrochir in Lake Liambezi. 

Large fish, 23 - 39 cm Rank as % volume % occurrence 

Food item 

Fish material 
Insect eggs 
Chironomid larvae 
Chaoborus Iarvae 
Cladocerans 
Blue-green algae and diatoms 
Plant material 
Detritus 

Number of stomachs inspected 

3 - 5 - - - -  
- - 4 - - -  
- - - -  5 4 -  
- - 6 - - - -  
- 4 4  5 4 - -  
1 2 1 2 2 1 2 
3 3 3 3 3 3 3 
2 1 2 L 1 2 1 

Small fish, 9 - 14 cm 

Chironomid larvae 
Zooplankton 
Algae 
Plant material 
Detritus 

No. of stomachs inspected 

5 
7 
6 
8 
4 
2 
3 
1 

Rank as % volume 

5 
4 
2 
3 
1 

1 3 -  2 - - - -  
- - -  3 - - -  
- - - -  2 5 - 
- -  I - - - -  
- 5 20 3 12 - - 
100 100 99 100 100 100 100 
13 17 41 39 34 64 88 
5 0 1 0 0  96 97 100 100100 

8 64 99 36 SO 22 8 

% occurrence 

1 
8 

100 
30 
97 

14 

2,1 
0.4 
1,o 
0.1 
5,7 

100,O 
42,3 
91.9 
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TABLE 18: Food habits of 176 adult and 18 young S. mdersonii in Lake Liambezi. 

TABLE 18 continued 

Large fish, 26 - 45 cm Rank as % volume 1 % occurrence 

S G & S b i & +  i; " 
~ o o d  item g n < Z < z e  2 
Fish eggs and larvae 
Terrestrial insects 
Odonate nymphs 
Ephemeropteran nymphs 
Cladocerans and copepods 
Blue-green algae, diatoms and 
filamentous algae 
Plant material 
Detritus 

NO. of stomachs inspected 

Food items were generally of similar size, reflecting a 
bottom filter feeding behaviour. Moriarty (1973) was 
able to demonstrate that the common belief that tila- 
pia cannot digest especially blue-green algae (Fish, 
1952) is not true for 0. niloticus. Lysis of cell walls oc- 
curred in the stomach when pH values of 1,4 were 
recorded. Faeces had a brown colour when chlorophyll 
was converted into phawphytin through the action of 
the acid medium. In Lake Liambezi the typical change 
of the green-grey stomach contents to brown, especial- 
ly adjacent to the stomach wall, was observed regular- 
ly, indicating that the dominant algae, Microcystis, is 
partly utilised by 0. rnacrochir. 

Small fish 
13 - 15 cm 

Ephemeropteran nymphs 
Cladocerans and copepods 
Blue green algae and 
diatoms 
Plant material 
Detritus 

No, of stomachs inspected 

0, andersonii 

- 4 - - - - -  
- - - 4 - - -  
- S - - - - -  

- S - - - -  
- 2 1 2 2 2 1 

1 1 2 1 1 1 1  
- 6 4 -  4 - 
- 3 3 3 3 3 2  

Results of stomach content analyses of juvenile and 
mature 0. andersonii are represented in n b l e  18. 

Rank as 
To volume 

5 
4 

2 
3 
I 

Blue-green algae, diatoms and filamentous algae form 
the dominant food items together with zoopIankton 
and detritus. The food habits differ from those of 0. 
mucrochir in that zooplankton is more important and 
possibly reflects an open water filter feeding rather 
than a bottom feeding habit. Young (13-15cm) O. an- 
dersonii show a difference by ingesting more detritus 
and less zooplankton. In the Barotse Flood Plain this 
species lives on periphyton, plant tissue and zooplank- 
ton (FAO 1%8, 1969), reflecting different feeding 

5 
5 
7 

: 
1 

4 4 -  
3 

To 
occurrence 

6 
17 

IOQ 
44 

100 

18 

habits under different environmental conditions. Mor- 
timer (1960) established that a11 length classes feed on 
algae as we11 as detritus and mud, and that it has a 
filter feeding as well as bottom feeding habit. Large 0. 
andersonii were observed feeding at night off the sur- 
face film in Lake Liambezi. As with 0. macrcrchir. 
faeces were usually brown, indicating digestion of 
blue-green algae. 

T sparrmanii 

1 2 34 48 28 39 16 9 

- 3 - - - - -  
- - -  4 -  - - 
- b - - - - -  
- - I - - - -  
- 68 94 89 95 88 52 

100 100 100 100 97 100 100 
3 10 - 3 - 43 

- 21 71 21 33 25 57 

'Ittble 19 summarises results of stomach content ana- 
lyses on T sparrmanii. This species inhabits vegetated 
inshore areas and feeds on periphyton, and diatoms 
scraped from water-plants, organic material, aquatic 
insects and also fish, zooplankton and terrestrial in- 
sects. In the Barotse FIood Plain 7: sparrmanii was 
found to have similar feeding habits wit h periphyton, 
detritus, fish and insects as main food items (FAO, 
1968). 

0-4 
0.6 
0.9 
0.3 

69,4 

99,6 
8.4 

32.6 

TABLE 19: Food habits of T. sparmnii  in Lake Liarnbezi. 

7: r. rendalli feeds on aquatic plants, detritus, algae, 
filamentous algae, aquatic insects, larvae, zooplank- 
ton and fish as shown in Bble 20. A wide spectrum of 

Food item 

Fish material 
Terrestrial insects 
Odonate and 
ephmeropteran nymphs 
Chironomid larvae 
Zooplankton 
Diatoms 
Plant material 
Detritus 

No. of stomachs inspected 

Rank as 
% volume 

5 
8 

5 
4 
7 
1 
3 
2 

Vo 
occurrence 

7 
7 

7 
20 
13 

100 
33 
93 

IS 
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TABLE 20: Food habits of 120 T. r. rendalli in Lake Liambezi. 

Rank as % volume % occurrence 

Season E E: E: 
9 S S 

E 
3 

X E 

Food item 

Fish material - 4 - - - - -  7 - 7 - - - -  
Terrestrial insects - 1 0 - - - - -  10 - 1 - - - - -  

1 ,o 
- 0.1 

Odonate nymphs 9 2 - 4 - -  5 - 6 2 5 -  1 - -  
Ephemetopteran nymphs - 5 - - - - -  3 - - - - -  

4,6 
7 - 0,4 

Chironomid larvae 3 3 -  2 - - -  4 1 4 2 6 -  7 - - -  
5 7 - - -  

6 7  
Chaoboms larvae 6 29 l - - - - -  

- a - - - -  4,3 
Zooplankton 9 - 1 0 + - - - -  1,4 
Filamentaus algae 2 4 - 2  2 2 3 3 2 9 2 3 -  7 39 40 1100 34,O 
Plant material 1 1 1 l I l I  1 100 93 100 100 94 100 100 98,I 
Detritus 4 2 2 2 3 2 2  2 43 33 25 7 33 40 100 40,l 

No. of stamachs inspected 7 70 4 15 18 5 1 

food items is utilised but plants form by far the major 
Food. The foIlowing hydrophytes could be identified 
from stomach content analyses: 

% occurrence 

Lagumsiphon major 63 
Leaves of grass spp. 14 
Stems and roots of Phmgmiies 11 
Leaves of Phmgmiies 4 
Naja,~ pecrinara 4 
Nymphoeu seeds 4 

With the exception of seeds and roots all vegetable 
matter was fresh, green and macerated. It was often 
observed how Phragmites leaves were pulled into the 
water and torn to pieces. 

On the Barotse FIood Plain T.r: rendaI/i lives on green 
plant material, detritus and insects (FAO, 1969) and 
Potgieter (1974) and Batchelor (1974) found that in the 
Transvaal Kr. swiersfme feeds on plant material as 
main food item together with algae, detritus, 
zooplankton, insects and fish. Under certain condi- 
tions this fish species may become over-populated, 
even in large dams, destroying all plant life (Junor, 
1964; Wager, 1968). This apparently only applies 
where it is imported. In these waters it also tends to be- 
come predacious. 

In spite of an abundance of a variety of water-plants 
in Lake Liambezi, T: r. rendulli is not abundant (nble 
I ;  Van des Waal, 1980) and also does not show a rapid 
growth rate (figure 3). 

S. giardi 

Stomach content composition is summarised in TabIe 
21. Molluscs form by far the most important food 
item. The following molIuscs could be identified from 
stomach contents: 

Gastropods: % occurrence 

Metunoides sp. 52 
Lrrnisles sp. 16 
Pilu sp. 16 
Pelecypods: 
Curbicula sp. 8 
Aswfharia sp. 8 

TABLE 21: Food habits of S. giardi in Lake Liambezi. 
- 

Other food items ingested incIude odonate nymphs, 
fish scales, chironomids and seeds. BelI-Cross (1975) 
shows that S. giardi lies at the end of a line of feeding 
specialisation found in the larger S~rmnochmmis 
(Sargochromis) species from S. frederici ( = S. g m n -  
woodi) - S. carlotfae - S. codringtoni - S. giardi 
where S. frederici has a narrow pharyncheal plate with 
curved sharp teeth and S. giardi a strong wide pharyn- 
cheal plate with large molariform teeth, adapted for 
crushing molluscs. 

Food item 

Fish scales 

S. codringtoni 

Molluscs 
Odonate nymphs 
Chironomid larvae 
Plant sceds 

No. of stomachs inspected 

Table 22 shows that S. codringfoni feeds on Nymphaeu 
seeds which are rich in carbohydrates, as well as water 
insects, molluscs and fish material, (scales of large 
cichlids). Only gastropods were identified in stomach 
contents. Bell-Cross (1975) found that this species Iives 
on water insect larvae, molIuscs, fish scales and terres- 

1 
2 
5 
2 

100 
18 
9 
9 

I l 
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TABLE 22: Food habits of S. cadringtoni in Lake Liambezi. TABLE 23: Food habits of P. darlingi in Lake Liambezi. 

Food item 

Fish material 
Molluscs 
Odona~e nymphs 
Ephemeropteran nymphs 
Chironomid larvae 
Nymphuea seeds and other 
plant material 

No. of stomachs inspected 
Sermnochromis (Serranochromis) S pp. 

Food item 

Fish scales 
Chisonomid larvae 
Cladocerans 
Plant materia1 
Detritus 

No. of stomachs inspected 

triaI insects in the Kafue and Middle Zambezi Rivers. The food composition of the five species is sum- 

On the Bacatse Flood Plain it eats plant material, marised in Table z4. All species are predators but a 

filamentous algae, snails and seeds (FAo, 11968). No degree of specialisation and selectivity is evident. 

stomachs of S. carIotfae were collected but Bell-Cross S. robustus collected in the Zambezi River and in 
(1975) mentions that it feeds on insect larvae, snails channels of the Linyanti Swamp contained Pofamon 
and plant material. as the major food item and in the Barotse Flood Plain 

apart from fish, also gastropods, pelecypods and in- 
P ddarlingi sects (FAO, 1969). 

Rank as 
% voIurne 

3 
4 
6 
4 
2 

1 

Stomach content analyses are summarised in Table 23. 
It feeds on cladocerans, chironomid larvae and also on 
plant tissue and detritus. The presence of  fish scales in 
the stomachs of many fish species is not in my opinion 
necessarily an indication of a predatory habit, espe- 
cially where large scales of large fish species are found 
in smaIl and small-rnounthed fish species eg. S. 
nigromaculatus and M. macrolepidolus. These scales 
may have been scraped off dead fish in the gill net fleet 
or commercial gill nets. 

To 
occurrence 

20 
10 
10 
10 
60 

80 

10 

Rank as 
% volume 

4 
2 
I 
3 
4 

S. rnacrocephalus, S. longimanus and S. lhumbergi all 
ingested small quantities of aquatic insects, terrestrial 
insects, plant material and detritus. OR the Barotse 
Food Plain S. macrocephulus is recorded ingesting 
small quantities of aquatic insects (FAO, 1969). All 
five species can thus be regarded as predators. Table 24 
gives a breakdown of prey species identified in 
stomach contents. S. longimanus and S. ~humbergi eat 
mare cichlid young than non-cichlids, whiIe S. an- 
gusfic~ps seems to prefer A. lateralis as prey. S. 

TO 
mcurrence 

14 
57 
57 
29 
14 

7 

TABLE 24: Food habits of 5 Surronochmmis (Serronochromis) species in Lake Liambezi and percentage composition of fish prey. 

Fish species 

S.  robustus S. mucrocephulus S .  angusticeps S. iongimanus S. ihumbergi Food item 
Rant as % Rank as % Rank as % Rank as % Rank as % 

Fish material* 
Odonare nymphs 
Chironomid larvae 
Terrestrial insec~s 
Plant material 
Detritus 

No. of stomachs inspected 

*Prey species 

A,  lot eralis 
B. paludinosus 
B, poechii 
B. bifrcnarus 
Barbus sp. 
Aplocheilichrys sp. 
C. ngarnensis 
C. multrspinis 
Indet. 

Non cichlid total 

Q. mocrochir 
P ,  dorlingi 
Tilopia SF. 
Indet. 

Cichlid total 

D~gtsted 

% volume occurrence % volume occurrence To volume occurrence % volume occurrence % volume occurrence 

1 

- 
- 
2 
- 
4 

100 

- 
25 
- 

To 

- 

- 
- 
L 

25 
25 

50 

25 
- 
- 
25 

50 

1 
2 

3 
4 
- 
37 

ppppp 

% 
pppppp 

14 
- 

3 
- 

8 
3 
- 
- 
14 

~~~~~~ 

42 

- 
- 
16 
22 

38 

20 

100 
8 
- 
- 

3 
- 

p--p------ 

WO 

33 
- 

4 
4 
- 
- 
- 

7 

48 

IS 
I I 

26 

26 

1 
- 
- 
- 
- 
2 

27 

Vo 

- 
- 
- 
- 
- 
- 
- 
- 
13 

13 

- 
- 
13 
44 

57 

31 

100 
- 
- 
- 
- 

4 

q n  

6 
2 
- 
4 

15 

- 
v 

27 

h 
9 

15 
25 

55 

I& 

I 
2 
- 
- 

3 
- 

94 
12 
- 
- 
6 
- 

17 52 

1 

2 

3 
3 

100 
- 

4 

2 
2 
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robustus jallae and S. rnacmcephaius do not show 
clear preferences. 

4 DISCUSSION AND CONCLUSIONS 

Et should be noted, however, that not one prey fish in 
the stomach contents of any of the 52 S. thumbergi 
collected was longer than 50mm. Up to 74 very young 
S. macrochir were collected from one stomach. On the 
other hand, prey fish of up to l l h m  in length were 
found in S. macrocephaltrs and in S. angusticeps. Here 
only one to three prey fish were present per stomach. 

In the Barotsc Flood Plain, Sermnochromis species 
eat mainly rnorrnyrids, Barbus and cichlids as is the 
case with H. odoe and Claricrs (FAO, 1969). No mor- 
myrids were observed In any stomach contents 
although they are well represented in Lake Liambezi. 

Lake Liambezi has a varied fish fauna dominated by 
cichlid species. In both feeding and breeding habits a 
tendency towards specialisation can be illustrated. 
Figure 7 summarises breeding cycles of the larger fish 
species showing that breeding of  different fish species 
is virtually scattered over the whole year. Amongst the 
cichlids, which are nesting species, differences in actu- 
al spawning seasons are observed. Suitable sandy nest- 
ing sites, which are very localised in Lake Liambezi, 
may thus be utilised by different cichlid species in se- 
quence through the year. 

No large difference in breeding pattern could however 
be found amongst the four Synodontis species, but S. 
ni~romaculatus showed a longer period of ripeness 

l? cafostorna 
M. macrolepidotus 

H. odoe 
A. lateralis 
B. poechii 

C. gariepinus 
l 

S. mysrus 

S. leopardinus 
S. macrostigma 

S. nigrornacula f us 

0. andersonii 
sparrmanii 

Tr. rendalli 
H. giardi 

................................ H, darlingi .s.1 ........................................ 'A...' 

S. robustus jailae 
S. macrocephalus 

S. longimanus 
S. angzksticeps 

gonad s tage  .:+::::::..resting b ~ m d e v e l o p i n g  r i p e  and spent 
ripe-running 

FIGURE 7: Breeding seasons of fish species in Lake tiarnbezi. 



FIGURE 8: Foad habits of fish species in Lake Liambezi, based on 
observed occurrence of food items in stomach contents. 

than the other three species. The location of spawning 
also differs amongst fish species, once again as adap- 
tation to utilise all possible habitats and lessen any 
direct competition. The Clarias species spawn outside 
the lake in temporary streams and many Serranochro- 
mix species in very shallow water, with Oreochromis in 
bays and wen in the main lake. A difference in the 
breeding season of some species can also be noticed 
between 1973/74 and 1974/75 which again shows the 
adaptability of these fish species to utilise favourable 
conditions. 
Feeding habits of fish species are represented schemat- 
ically in Figure 8, A wide spectrum of the available 
food items is utilised in l a k e  Liambezi with some indi- 
cation of specialisation in feeding habits amongst 
species: 

a) Predators H vittutus, H. odoe, C. ggariepi- 
nus and d1 five species of Ser- 
ranochromis (Serranochromis). 
C ngamensis, S. mysfus and S. 
nigmrn~c~lutus can also be 
regarded as predators. 

b) Insectivores All three representatives of 
mormyrids, S. woosnami, S. 
leopardin us, S. macsostigma 
and to some extent also S. 
nigmmaculatus, S. codringfoni 
and P. darlingi. 

c) MolIuscivores S. giardi and C ngamensis 
d) ZoopIanktivores 0. andersonii and P darlingi 
e) PhytopIank- 

tivoses 0. macrochir, 0. andersonii 
and T spnrrmanii 

f) Herbivores T.E rendulli, H. codringtoni 
and C ng~mensis 

g) Detritivores O. macrochir and T sparrmanii 
Some species show interspecific specialisation in order 
to avoid competition as found amongst mormyrids, 
Synodonfis spp. and weI1-iIlustrated in the case of Ser- 
ranochromis (Serranochromis) spp. and S. codringtoni 
and S. giardi. Other species again can'be regarded as 
omnivores utilising a wide range of food items for ex- 
ample C ngamensis and Synodonfis spp. although 
speciaIisation here is aIso evident. 

It has been shown (Seaman et al., 1978) that Lake 
Liambezi can be regarded as partIy eutrophic but with 
low algal growth potential, with most nutrients de- 
rived from detritus. The lake is dominated by insec- 
tivorous fish species such as the mormyrids, 
mochokids and schilbeids, all Iiving on organisms that 
live partly on detritus, produced by the wide fringe of 
Phmgrnites swamp around the lake. The most irnpor- 
tant commercial 'fish species, the two Omchromis, 
also ingest detritus directIy, whereas the numerous pre- 
dacious fish species illustrate the stability of the whole 
food web. 

Primary producers in Lake Liambezi consist mainly of 
higher plants and very little nutrients are available to 
phytoplankton (Seaman et al., 1978). This is iIlustrated 



by the fact that primary consumers are relatively rare 
in the fish community - only Tr. rendalli (with a 
poor growth rate) and partly 0. macrochic Secon- 
dary consumers, living on detritivorous zoobenthos, 
form the bulk of the fish community and the produc- 
tion rate of this lake is thus more closely linked to the 
avajlability of detritivores than primary consumers. 

5 SUMMARY 

Lake Liambezi is inhabited by 43 fish species of which 
27 are large enough to be captured by a fleet of ex- 
perimental gill nets, and also have an economic value. 
Aspects of their biology were studied. In spite of the 
use of small mesh (25, 50 and 6Omm stretched mesh) 
gill nets, very few immatures of  the larger fish species 
were collected. Data are presented on length frequency 
distribution of catches, age determinations on the ba- 
sis of interpretation of annuli on scaIes e r  sections of 
pectoral spines, gonad condition over the study peri- 
od, sex ratios, fecundity, spawning sites and food 
habits based on stomach content analyses. The lake is 
inhabited by fish species adapted to the swampy con- 
ditions that live mainly on aquatic insect larvae, detri- 
tus, or are predacious. The whole system is based on 
the gradual decomposition of the vast amounts of or- 
ganic material of the surrounding reed swamp and fish 
play an important role in the recycling of nutrients. 
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